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International Knowledge Flows
and Economic Performance:

A Review of the Evidence

Giorgio Barba Navaretti and David G. Tarr

An empirical analysis of the microeconomic links between trade and knowledge diffu-
sion is useful for singling out some of the key predictions of the theory of endogenous
growth in open economies. This literature postulates that total factor productivity is
higher when trade gives countries access to a wider or more sophisticated range of tech-
nologies. The articles reviewed here find considerable evidence that imported technolo-
gies raise total factor productivity in importing countries, particularly developing coun-
tries and particularly when technologies are acquired by way of imports of intermediate
goods. They also provide some support for the argument that exports and foreign direct
investment are channels for learning. Although access to foreign technologies has a posi-
tive impact on developing countries' total factor productivity, overall these countries are
shown to purchase older and simpler machines than industrial countries. Relative factor
and machinery costs and skill and technology endowments affect the choice of imported
technologies. However, government attempts to limit or guide the selection of technolo-
gies are likely to have a negative effect on growth because they discourage producers
from purchasing the most appropriate and efficient machines. Rather, policies aimed at
promoting technological development should strengthen the absorptive capacity of im-
porting countries and address the complementarity between human and physical capital
in a broader context.

In both developing and industrial countries there is an increasing institutional
awareness of the importance of knowledge for business performance, economic
growth, and development. The comparison of Ghana and the Republic of Korea
is a tale of disparate growth that is frequently told. In 1960 both countries had
the same income per capita; today Korea's is seven times higher. More staggering
than the gap in performance is the inability of analysts to single out its causes.

Giorgio Barbara Navaretti is with the Universita degli Studi di Ancona, Centro Studi Luca d'Agliano,
Fondazione Eni Enrico Mattei, and David G. Tarr is with the Development Research Group at the World
Bank. Their e-mail addresses are barba@mailserver.unimi.it and dtarr@worldbank.org. This symposium
issue collects some of the papers presented at the conference on Trade and Technology Diffusion: The
Evidence with Implications for Developing Countries, which was held in Milan on April 18-19, 1997, and
was jointly organized by Fondazione Eni Enrico Mattei and the Development Research Group of the
World Bank. The authors would like to thank participants at the conference for their comments. They
especially thank James Tybout for his input in organizing the conference and for his extensive comments
on this article.
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The accumulation of physical and human capital barely justifies a threefold dif-
ference in income per capita. The remaining $4,000 gap is yet to be explained.
Many analysts agree that knowledge could be the hidden factor of production
that drove Korea's growth (World Bank 1999 and Rodriguez-Clare 1997).

The characteristics of knowledge as an economic good may explain why this
initially neglected and now actively investigated factor of production remains
relatively concealed. Knowledge is a public good with property rights that are
rarely enforceable. It is seldom quantified or priced; it is sometimes codified, but
more frequently tacit; and in any case it is difficult or impossible to observe. All
measures of knowledge are indirect, either inputs to (years of schooling, manu-
als) or outputs of (human capital, patents, the unexplained residual in growth
accounting) its accumulation.

Two elements combine to reveal why technology is likely to be important for
economic growth: countries with higher per capita incomes also hold larger stocks
of measured knowledge, and knowledge travels cheaply and fast. Although well
established in theory and anecdotally, the link between growth and the accumu-
lation of knowledge has been tested by relatively few rigorous empirical studies.
The most quoted reference in this area is Coe and Helpman (1995), who focus on
knowledge diffusion among Organisation for Economic Co-operation and De-
velopment (OECD) countries. Coe, Helpman, and Hoffmaister (1997) extend
this work to developing economies.

Both studies use aggregate data to measure the impact of knowledge diffusion
through trade flows. However, most of the effects of learning on productivity are
observable primarily at the micro-level. For example, learning by doing and im-
ported technologies are frequently sector-specific. Typically, technology is upgraded
and production processes are enhanced at the firm level, guided by firms' charac-
teristics. The organization and effectiveness of "knowledge departments" in cor-
porations are also observable at the firm level. It is therefore important to combine
the empirical analysis of generalized countrywide learning processes with a more
focused understanding of how these processes take place at the micro-level.

This is precisely the objective of the articles collected in this symposium, which
are devoted to the empirical analysis of the international diffusion of technologi-
cal knowledge and economic performance at the micro-level. They analyze three
international channels of learning: imports of machines and other inputs, along
with the research and development (R&D) spillovers they generate; foreign direct
investment (FDI) or other forms of collaboration between local and foreign firms;
and learning by exporting.

If technology transfers are assumed to be exogenous, the scope of micro-level
empirical work is simply to measure accurately the different components of this
external learning process and to determine if this process does indeed work in the
predicted direction. It is clear, however, that the international demand for and
supply of technological inputs are not exogenous. Firms in developing countries
will choose the type of technology imported so as to maximize their profits. Also,
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firms in industrial economies choose the channel through which to transfer tech-
nologies based on profit-maximizing conditions. The form of the transfer (sub-
sidiaries wholly owned by foreign investors, joint ventures, licensing, or direct
sales of machinery) affects the dispersion of proprietary knowledge and thus
monopoly rents. Working at the micro-level allows us to analyze the choice of
the type of technology imported and the channel through which it is imported,
along with its impact on economic performance.

I. TRADE, LEARNING, AND GROWTH: THE THEORETICAL BACKGROUND

The empirical studies collected here are rooted in theories developed by earlier
models of endogenous growth in open economies. This literature recognizes two
main mechanisms of knowledge accumulation. The first is that trade may change
a country's pattern of specialization. Learning is faster if the country specializes
in goods with higher learning potential (Krugman 1987; Lucas 1993; Stokey
1988, 1991; and Young 1991). The second mechanism is that trade in goods and
factors of production may open new sources of technological inputs (Grossman
and Helpman 1991 and Rivera-Batiz and Romer 1991). Broadly speaking, we
can therefore consider two groups of models, those in which learning is essen-
tially a domestic affair and those in which knowledge is imported from abroad.'

Many of the domestic learning models involve learning by doing. Young (1991),
for example, develops a model in which managers and workers acquire experi-
ence through the manufacturing process that makes them more productive.2 This
well-documented phenomenon is typically summarized by a learning curve relat-
ing process-specific production costs to cumulative units produced.3 The learn-
ing curve is downward-sloping, but it eventually flattens out as the potential for
learning is exhausted. If each process is associated with a given product, the
accumulation of knowledge is a nondecreasing, concave, and bounded function
of the cumulative output of that product. Stokey (1991) shows in a second model
that schooling can be substituted for learning by doing without significantly chang-
ing Young's (1991) conclusions.

Both Young (1991) and Stokey (1991) attribute productivity growth to learning
processes that enable the production of increasingly sophisticated products and to
the associated knowledge spillovers, which are limited to the country in which
learning takes place. The more rapidly learning takes place-either through schooling

1. We do not provide a comprehensive survey but simply convey the main findings of this type of
literature. For a comprehensive survey on trade and technology diffusion, see Grossman and Helpman
(1995).

2. Earlier contributions involving growth and learning by doing include Lucas (1988), which elaborates
on Krugman (1987), and Stokey (1988).

3. Many studies have found corroborating evidence that production experience lowers unit costs.
Benkard (1997) makes an excellent contribution. He documents partial spillovers from experience in
producing one generation of wide-body aircraft, making production in the next generation more efficient.
Malerba (1992) provides a recent review of the literature and some evidence of his own.
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or through learning by doing-the higher is the rate at which new high-end prod-
ucts are introduced, and the higher is the rate of productivity growth.

But if learning only takes place at home, why should we be concerned with
trade? We should be concerned because trade affects the pattern of specialization
in goods with different potential and indirectly influences the accumulation of
knowledge. The domestic learning models imply that a likely, but not a neces-
sary, consequence of trade liberalization in developing countries is the dampen-
ing of demand for high-end goods, thereby limiting the amount of learning.

Although the models of Young and Stokey are too restrictive to derive policy
implications for developing countries, they are important contributions because
they show clearly what happens when trade does not generate international knowl-
edge flows. Indeed, not all learning is a by-product of learning by doing or of
education. Knowledge diffuses across national boundaries in many ways. A
country's knowledge may increase because its trading partners have accumulated
knowledge, that is, there are international knowledge spillovers that are likely
increased through trade.

Therefore, we now turn to models in which knowledge is not contained within
national boundaries, and the channels through which it is transmitted are impor-
tant. Trade (especially the import of a large variety of technological inputs), for-
eign investment, and travel on the part of executives and technicians are all chan-
nels through which knowledge can be transmitted internationally. Open economies
benefit from an even wider range of learning channels.

One important model that allows for the international transmission of knowl-
edge is that of Rivera-Batiz and Romer (1991). They assume an economy in
which inputs are differentiated horizontally. Research creates new input varie-
ties, and these new varieties raise productivity growth in the final-goods indus-
try. When more input varieties are available, the final goods sector can choose
inputs that more closely fit its precise requirements. Thus, for the same cost, it
can purchase a more productive bundle of intermediate inputs. This is a dynamic
extension of Ethier's (1982) application of the model of Dixit and Stiglitz (1977).
Rivera-Batiz and Romer examine two channels for transferring technological
knowledge: the transmission of ideas, which can be traded independently from
goods-the knowledge-driven R&D model initially developed by Romer (1990)-
and the trade of intermediate inputs that incorporate new ideas-the lab equip-
ment model.

In both models international knowledge flows raise growth, as the stock of
knowledge available to producers in any country increases. Note, though, that
the two models imply very different mechanisms of technology diffusion. In the
first case the stock of knowledge is common to all researchers in the world economy
and is distributed at no cost by way of spillovers. 4 In the second case knowledge
is immediately excludable in that it is only transmitted through the purchase of
inputs, and there are otherwise no spillovers.

4. However, once a design is incorporated in an intermediate good, producers must pay for exclusive use
of the design. This mechanism generates monopoly profits for the research sector and an incentive to innovate.
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In the lab equipment model knowledge is diffused internationally only if there
is trade in goods, since knowledge is embodied in goods. Trade improves produc-
tivity directly, and the steady-state growth rate increases. In the knowledge-driven
model, if trade is permitted, countries have an incentive to specialize in com-
pletely non-overlapping innovations. Then knowledge diffuses through both trade
in goods and the exchange of ideas. The welfare effect is larger since countries
benefit from both the increase in productivity in manufacturing arising from ad-
ditional foreign varieties and the increase in productivity in research arising from
additional foreign ideas. Thus the form of knowledge diffusion is important.

Rivera-Batiz and Romer focus on symmetric countries. Grossman and Helpman
(1991) extend this framework to the case of asymmetric countries and the case in
which there is more than one final good.5 In Grossman and Helpman's frame-
work inputs are differentiated horizontally, and additional varieties developed
by the research sector raise the productivity of the final-goods sector. The re-
search technology is similar to that in Rivera-Batiz and Romer's knowledge-driven
economy in that productivity depends on cumulative R&D stocks. An open coun-
try can use world R&D experience: if spillovers are global in scope, foreign R&D

will have the same effect on productivity as domestic R&D. The same conclusions
can be reached with a quality-ladder model, in which inputs are differentiated
vertically.6

Grossman and Helpman make one prediction analogous to that of Young
(1991).7 Industrial economies with a relative abundance of human capital will
undertake more research and grow faster than developing economies. But by
engaging in international trade with industrial countries, developing countries
can obtain a greater variety of intermediate inputs, and therefore grow faster,
than they would otherwise. Although growth rates do not converge, openness
does raise the growth rates of developing countries.

Thus, according to the endogenous growth literature, the impact of trade on
the growth of developing countries depends crucially on the international scope
of knowledge diffusion and on the mechanisms through which knowledge is trans-
mitted. A way to test these predictions is to analyze how inflows of technologies
affect productivity in the importing countries.

II. IMPORTED INPUTS, LEARNING, AND GROWTH: THE EMPIRICAL EVIDENCE

Although earlier work estimated international knowledge spillovers, Coe
and Helpman (1995) make the first and most widely quoted attempt to establish
an empirical connection between international R&D spillovers and economic

5. Grossman and Helpman (1991) also include a model with no spillovers.
6. On quality ladders see also Aghion and Howitt (1992) and Segerstrom, Anant, and Dinopoulos (1990).
7. The model in Grossman and Helpman (1991) is essentially a Hecksher-Olin model of international

trade combined with a model of endogenous growth through profit-seeking R&D. Young (1991), like Krugman
(1987), uses a Ricardian model in which trade is driven by differences in technology rather than differences
in comparative advantage. See chapter 11 in Aghion and Howitt (1998) for a survey of these models.
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growth.' Coe and Helpman estimate how much of the variation in total factor
productivity (TFP) for a sample of OECD countries is explained by the variation in
domestic and foreign R&D capital stocks. Foreign R&D capital stocks are defined
as the import share-weighted average of trade partners' domestic R&D capital
stocks. The impact of foreign R&D in an importing country is expected to be
higher the more the importing country buys from the foreign country undertak-
ing the R&D.

Note the mechanisms of knowledge transmission implied by this specification.
Knowledge is acquired through the purchase of intermediates, thus it does not
travel if there is no trade in goods. Additionally, productivity in country i is
expected to increase if the R&D capital stock in country j increases, even if j's
share in i's total imports remains constant. One way to interpret this last assump-
tion is that if the overall R&D stock in a given country grows, the goods imported
from that country will be more R&D-intensive. Another interpretation is that,
through trade, country i gains access to the R&D of country j, enabling country i
to introduce new designs in production more easily. Coe and Helpman's (1995)
empirical specification reflects Rivera-Batiz and Romer's lab equipment model in
the first case and their knowledge-driven model in the second case.

Coe and Helpman find evidence that both foreign and domestic R&D improve
TFP. Whereas in large countries the elasticity of TFP with respect to domestic R&D
capital stocks is larger than that with respect to foreign R&D capital stocks, the
opposite holds in small countries; that is, foreign R&D is more important for
small countries. Coe, Helpman, and Hoffmaister (1997) confirm these results in
their analysis of North-South R&D diffusion, based on a sample of 77 developing
countries. They find that East Asian countries have benefited the most from for-
eign R&D. These results imply that access to foreign R&D is crucial for the typical
developing country, and openness to and trade with industrial countries are fun-
damental to obtaining that access.

These two studies focus on aggregate TFP at the country level and assume that
knowledge spillovers are channeled through total import flows. Yet much of the
learning process is probably related to trade within industries and between firms.9
Learning and technical progress mostly take place within specific activities.'0
This is certainly true for learning by doing, and it may also be true when new
knowledge is embodied in specific machines or procedures.

Moreover, the potential for technical progress differs across industries. Con-
sider two trade partners of country i-j and k-that have equal R&D capital
stocks and equal weights in i's total imports, but differ in the basket of products
that i imports from them. If the products imported from j are mostly consumer
goods, whereas the products imported from k are mostly intermediate goods, we

8. For example, Jaffe, Henderson, and Trajtenberg (1993) examine geographic localization of knowledge
spillovers by looking at patent citations. Eaton and Kortum (1996) analyze patterns of productivity and
international patenting.

9. Hakura and Jaumotte (1999) rigorously support this hypothesis.
10. For a pioneering case study see Lall (1987).
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would expect imports from k to have a greater impact on i's TFP. Likewise, if
most of the imports from k are goods with high learning potential relative to
imports from j, k's products will have a larger effect on i's TFP.

The article by Wolfgang Keller in this symposium addresses this problem, ex-
amining the impact of international R&D spillovers on industry-specific TFP. His
measure of foreign R&D for a given country is the trade-weighted sector-specific
R&D capital stocks of its foreign partner countries. Keller computes trade weights
by considering only imports of machines used in production in a given indus-
try."l In doing so, he leans closer to the lab equipment model, because he focuses
on imports that are more likely to embody new knowledge. His results are simi-
lar to those of Coe and Helpman (1995) in that domestic and foreign R&D stocks
are estimated to have a significant and positive influence on TFP.

Keller also tests for the robustness of the trade weights used by carrying out an
alternative battery of estimations using random weights for foreign R&D stocks.
In line with Coe and Helpman's results he finds that domestic and foreign inter-
mediates have a different impact and that this difference is statistically signifi-
cant. Also, the impact of foreign intermediate imports is greater the smaller is the
importing country. In contrast, he finds that the regression results are somewhat
invariant to the import weights of trading partners' R&D stocks, especially when
importing countries are large, when the trade shares of partners are evenly dis-
tributed, and when partners have similar R&D stocks. Consequently, trade is a
more important conveyor of foreign technological knowledge to small countries
than to large ones.

Since Keller studies only OECD countries, the question arises as to the implica-
tions of his results for developing countries. His finding that imported inputs are
particularly effective for small OECD countries is important in this context. Devel-
oping countries typically have a weak domestic R&D sector and mainly acquire
technologies internationally. For this reason it is likely that a change in import
shares assigning a larger weight to developing economies, which have smaller
R&D stocks, would clearly diminish their access to foreign technologies. In other
words, the likely effect of a developing country's shift in acquiring machinery
from Germany rather than from France is likely to be smaller than a shift in
acquiring machinery from Ethiopia rather than from France.

Coe and Hoffmaister (1999) argue that Keller's random weights are in fact
not random, but simple averages with a random error. They derive three alterna-
tive sets of random weights and with them restore fully their original results.
However, this controversy concerns mostly technological flows between large
countries, because Keller never dismisses the evidence that trade flows to small
countries are important in transmitting foreign knowledge.'2 This is also consis-
tent with the findings of Eaton and Kortum (1996). On the basis of patent data

11. Coe, Helpman, and Hoffmaister (1997) also use imports of intermediates, not total imports, to
construct import shares.

12. See also the estimates for developing countries in Coe, Helpman, and Hoffmeister (1997).
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they argue that 90 percent of growth in small OECD countries derives from for-
eign innovations.

In conclusion, the available empirical evidence supports the direct and indirect
role of trade in diffusing knowledge and suggests that it is particularly important
for developing countries to trade with technologically rich countries. This result
is not surprising, given that rich countries have many more means of exchanging
knowledge between themselves than developing countries. The articles reviewed
so far also provide indirect evidence that channels other than foreign trade are at
work, which may not be observed in aggregate estimations.

III. LEARNING AT THE FIRM LEVEL: FOREIGN DIRECT INVESTMENT AND EXPORTS

There is now fairly well documented evidence that multinational enterprises
are a major channel for transferring technologies. According to UNCTAD (1997),
more than 80 percent of royalty payments for international technology transfers
were made from subsidiaries to their parent firm.13 This is not surprising, given
that multinationals are more often found in industries with high R&D expendi-
tures relative to sales, a larger number of scientists and technicians, new and
technically complex products, and high levels of product differentiation and adver-
tising. 14 These stylized facts are well rooted in theory: intangible assets like knowl-
edge are more mobile than tangible assets and are semi-public goods in the sense
that knowledge used in one application does not reduce its availability for other
applications either within or across firms.

The fact that multinationals transfer technologies does not necessarily imply
that such transfers are beneficial for the local economy. It is necessary to deter-
mine whether the productivity of foreign-owned companies is higher than that of
domestic companies and whether foreign-owned companies transfer knowledge
to domestic companies. These spillovers can take place through many channels,
including the movement of employees from foreign affiliates to domestic compa-
nies, backward and forward links between multinationals and domestic firms,
and demonstration effects.

Early statistical analyses of spillovers at the industry level use a production
function framework to estimate the impact on labor productivity of FDI (mea-
sured by the foreign share of each industry's employment or value added)."5 They
all find significant evidence of positive spillovers.

More recent studies use panel data at the firm level for a few developing coun-
tries. Their conclusions are controversial. They report that firms with foreign
ownership have higher TFP. In contrast, there is no evidence of positive short-run
spillovers to domestic firms, and the concentration of foreign investment in par-
ticular sectors sometimes lowers the productivity of domestic firms in the same

13. This figure is reported in Saggi (1999), who extensively reviews this evidence. Blomstr6rn and
Kokko (1998) offer another major survey of the role of multinationals in diffusing technology.

14. Markusen (199S) and Caves (1996) survey the theoretical and empirical literature on this matter.
15. Caves (1974), Globerman (1979), and Blomstrorm and Persson (1983).
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industry.16 These results are partly explained by the fact that foreign investors
acquire market shares at the expense of domestic producers, which face negative
scale effects. Overall, the effects of FDI depend heavily on the absorptive capacity
and the competitiveness of local firms. Spillovers will be larger if local firms are
able to quickly adopt new imported technologies and to face the competition
posed by more efficient foreign producers."7

The article by Simeon Djankov and Bernard Hoekman in this issue examines
the impact of foreign investment on productivity for a sample of 513 Czech en-
terprises listed in the Prague stock exchange between 1992 and 1997. Their sample
includes firms with foreign links (firms that had formed joint ventures or whose
equity was at least partially foreign-owned) and firms without such formal links.
In line with earlier contributions, Djankov and Hoekman examine the impact of
formal foreign links on TFP and whether the presence of foreign investors gener-
ates positive indirect intraindustry spillovers on firms that have no foreign links.

As expected, the authors find evidence that firms with foreign links have higher
TFP growth rates than firms without foreign links. Like some of the earlier studies
using firm-level data, Djankov and Hoekman find that foreign investment lowers
the productivity growth of domestic firms that have no formal foreign links. This
result may reflect a competitive effect, as local firms without foreign links lose
market share to those with foreign links. Firms without foreign links are still able
to restructure and improve their productivity, but at a slower pace than their
foreign-owned counterparts and at a slower pace than if there were no foreign
investment in the industry.

Exporting is another channel through which firms based in open economies
can acquire foreign knowledge. By learning about foreign markets, technologies,
and products, they may specialize in products with high learning potential. Both
case studies and empirical evidence support this view, showing that exporting
firms are more efficient than nonexporting firms (Pack 1993). Yet this evidence
says little about the causal relationship between firms' exporting status and their
productivity. It may be that firms become more productive because they learn by
exporting or it may be that more productive firms enter the export market in the
first place. Clerides, Lach, and Tybout (1998) test the relevance of these two
hypotheses for Colombia, Mexico, and Morocco, and Bernard and Jensen (1999)
test them for the United States. Both studies find that self-selection is the domi-
nant explanation and that there is little evidence of learning by exporting.

In this issue Bee Yan Aw, Sukkyun Chung, and Mark Roberts address this
question for the Republic of Korea and Taiwan (China), using panels of export-
ing and nonexporting firms. They study the relationship between productivity
and transitions into and out of the export market. If self-selection is the impor-

16. Harrison (1996); Aitken, Hanson, and Harrison (1997); and Haddad and Harrison (1993).
17. A key element missing from these studies, however, is an examination of the impact on downstream

industries and overall economic welfare or growth. For example, if there is FDI in accounting services,
although the domestic accounting sector may be adversely affected, productivity and welfare in the economy
may rise. On this point see also Lall (1999).
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tant explanation, then a firms' initial productivity should be higher when they
enter the export market than firms that stay out. If learning by exporting is the
relevant explanation, then producers who enter the market should experience
higher productivity growth than firms that stay out.

For firms in Taiwan (China) Aw, Chung, and Roberts find evidence that both
explanations are important. For Korea the results are much less satisfactory.
There is weak evidence for the self-selection hypothesis and no evidence for the
learning-by-exporting hypothesis. Aw, Chung, and Roberts claim that the weak
results for Korea could be explained by the country's export policies, among
other factors. Firms' decisions to enter the export market are linked more closely
to their access to government promotion policies than to their ex ante productiv-
ity levels.

This discussion of Korea brings policy into the picture. It is clear that the link
between international knowledge flows and productivity is affected by many fac-
tors, including policy. But to understand the role of policy we should briefly
explore how the market for international knowledge flows works. Aw, Chung,
and Roberts make endogenous the decision to export and, implicitly, the deci-
sion to learn. In the next section we explore the decisionmaking process charac-
terizing other channels for acquiring knowledge.

IV. MARKETS FOR IMPORTED TECHNOLOGIES AND THE ROLE OF POLICY

The empirical literature discussed above implicitly assumes that any country
opening its borders to trade, even the most advanced country, will benefit from a
wider variety of technologies and from technologies that are, at least in some
fields, superior to those available in the domestic market. But the absorptive
capacity of the liberalizing country is important in determining the input mix or
the technologies imported.

We focus here on machines used in production, which represent the bulk of
imported technologies. The choice of appropriate technology depends on the
relative costs of the machines and on the costs of the factors of production needed
to use them. Also, the availability of the required skills in a given firm or country
is important in the choice of technology.' 8 Skills, such as human capital or other
technological capabilities, acquired through learning by doing or through formal
training can be specific to a given technique. The greater is the complementarity
between the required skills and the new technology, the more costly is the switch
to an alternative technology.

The article by Giorgio Barba Navaretti, Isidro Soloaga, and Wendy Takacs in
this symposium looks at the choice between new and used equipment when there
are labor-saving technical progress and complementarity between technology and
skills within the firm. Their analysis is based on a theoretical model of trade in
used equipment among heterogencous firms. If factor markets are imperfect, firms

18. See Benhabib and Rustichini (1991), Chari and Hopenhayn (1991), Jovanovic and MacDonald
i1996), and Jovanovic and Nyarko (1995, 1998).
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will face different factor prices even if they are based in the same country. The
model allows firms to differ in their technical and managerial skills. Heterogene-
ity among firms located in different countries provides the underlying motive for
trade in new and used machines and the basis on which the authors predict the
share of used equipment imported.

They test these predictions by looking at U.S. exports of metalworking ma-
chine tools to 23 countries. Machines can be classified according to their vintage
(new or used) and their technical complexity, which is measured in terms of the
minimum skills necessary to use the machines. The empirical analysis shows that
the share of used equipment is larger the lower is the per capita income of the
importing country. Moreover, for low-income countries the share of used ma-
chines is larger the greater is the technical change embodied in new machines
relative to old ones and the more complex are the skills required to use them
efficiently. These results imply that technological factors and skill constraints are
as important as relative factor prices in determining the choice of technology.
They are thus consistent with results of other studies emphasizing that the ability
of a given country to benefit from imported technologies depends on its absorp-
tive capacity, that is, on its ability to master new and more complex technologies
quickly and efficiently."9

These results also have important policy implications. First, policies designed
to promote technological development should address the complementarities
between different factors of production. For example, if there are explicit market
failures in the education sector, fostering human capital should be a central policy
goal. Second, policies that limit access to foreign capital-in particular, quantita-
tive restrictions on imports of used machines-are ineffective and damaging. The
aim of such policies is to foster technological upgrading. But, in fact, they deny
firms access to more appropriate techniques and force them to buy machines that
they may be unable to use efficiently.

This point is pursued further by David Guisselquist and Jean Marie Grether in
the last article in the symposium. They analyze several case studies of technology
transfer in agriculture, revealing that government attempts to select the right
technologies to import in fact prevent local producers from gaining access to the
best technologies. They identify two stylized patterns in the institutional arrange-
ments governing the international flow of new agricultural inputs. Most econo-
mies, particularly industrial economies, rely on multiple channels in which farm-
ers are exposed to new technologies because of the activities of different private
and public actors. In contrast, many developing and transition economies cen-
tralize access to foreign technologies, making them subject to the approval of
government committees based on lengthy performance tests.

Relying on two case studies in Bangladesh and in Turkey, Gisselquist and
Grether show that deregulation leads to a significant increase in the transfer of
technologies, a fall in the price of technologies, an increase in the use of new

19. See, for example, Nelson and Pack (I1999) on the Asian Miracle.
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technologies, and a dramatic increase in farmers' productivity. At least for seed
technology, enough varieties were available worldwide to enable these develop-
ing countries to import and effectively use a subset of varieties to increase
productivity.

V. CONCLUSIONS

The empirical analyses in this symposium allow us to assess some of the key
predictions derived in the theoretical literature on endogenous growth. The ar-
ticles reviewed here find considerable evidence that imported technologies raise
TFP in the importing countries, particularly when technologies are acquired through
imports of intermediate goods (Keller; Gisselquist and Grether). There is also
some support for the view that exporting improves firm productivity (Aw, Chung,
and Roberts). The role of FDI iS more mixed. Although the productivity of the
economy increases, foreign investment sometimes generates negative externali-
ties on domestic producers in the same industry (Djankov and Hoekman).

Skill and knowledge endowments, along with relative costs, are shown to af-
fect the choice of imported technologies. Developing countries are more likely to
purchase older and simpler technologies the faster is the rate of technological
progress embodied in new machines (Barba Navaretti, Soloaga, and Takacs).

These results bear important policy implications, especially for developing
countries. The fact that imported technologies do not invariably carry a great
potential for learning does not support government attempts to limit or guide the
selection of technologies. Such policies hamper growth, because either they force
producers to choose sophisticated technologies that they are unable to use or
they prevent producers from buying the most appropriate and efficient technolo-
gies. The fundamental policy objective should be to allow as diverse a choice of
technology inputs as possible, since diverse inputs are likely to increase produc-
tivity. Attempts to centralize decisionmaking and limit technology imports re-
duce productivity (Gisselquist and Grether).

Moreover, policies aimed at promoting technological development and at
strengthening the absorptive capacity of importing countries should address the
complementary relationship between human and physical capital. If the develop-
ment of human capital is constrained by market failures in the education sector,
technology policies should directly target such constraints. Indeed, all the theo-
retical literature and the evidence reviewed support the conclusion that inflows
of technology are more beneficial the more quickly importers are able to master
new and complex knowledge.20

The works discussed here can be extended in many directions. First, there is a
clear need to better our understanding of learning processes at the micro-level.

20. Neary (1999) reviews research on R&D policy in developing countries and concludes that raising
the general level of education is likely to have a more important impact than targeted policies like R&D

subsidies.
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We must define more accurate measures of technology flows and extend the
collection of panel data at the firm level. Second, the literature on North-South
technology flows generally assumes that the South purely imitates northern tech-
nologies. There is now growing evidence of dynamic R&D activity in many devel-
oping countries.21 Further development of southern technologies could change
the pattern of international knowledge flows. These developments should be stud-
ied more closely. Finally, innovations in information technology make it even
more difficult to observe patterns of knowledge diffusion empirically. Thus em-
pirical analysts attempting to identify international technology flows should be
aware that the hidden factor of production they are searching for is becoming
more and more concealed.
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Do Trade Patterns and Technology Flows Affect
Productivity Growth?

Wolfgang Keller

This article presents a model suggesting that the pattern of a country's intermediate
goods imports affects its level of productivity because a country that imports such goods
primarily from technological leaders receives more technology than a country that im-
ports primarily from follower countries. The importance of trade patterns in deternin-
ing technology flows is quantified using industry-level data for machinery goods im-
ports and productivity from eight member countries of the Organisation for Economic
Co-operation and Development between 1970 and 1991. Three conclusions emerge
from this work. First, the eight countries studied appear to benefit more from domestic
research and development (R&D) than from R&D of the average foreign country. Sec-
ond, conditional on technology diffusion from domestic R&D, a country's import com-
position matters only if it is strongly biased toward or away from technological leaders.
Third, differences in technology inflows related to the pattern of imports explain about
20 percent of the total variation in productivity growth. The implications of these find-
ings for developing countries are discussed.

There is wide agreement among economists today that differences in physical
and human capital accumulation alone do not explain the large variation in eco-
nomic growth across countries. The important complementary role of techno-
logical diffusion in raising rates of economic growth has long been recognized,
but little is known about the specific policies that promote such diffusion, par-
ticularly at the international level.

A widely held view is that international trade leads to faster technological
diffusion and higher rates of productivity growth (Helpman 1997). Whereas these
changes are important for all countries, they have dramatic implications for de-
veloping countries as they seek to catch up with the technological leaders in the
Organisation for Economic Co-operation and Development (OECD). International
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agencies such as the World Bank routinely recommend policies that foster inter-
national trade, in part because it is presumed to further international technology
diffusion (World Bank 1991, 1998). To date, however, there is little sound evi-
dence to support this view.'

The recent development of theories of endogenous technological change, in
particular the work of Romer (1990) and Aghion and Howitt (1992), has stimu-
lated new analyses of the relationship among trade, growth, and technological
change in open economies (Grossman and Helpman 1991; Rivera-Batiz and Romer
1991). In that work the authors embed the recent theories in general equilibrium
models to analyze how trade in both intermediate and final goods affects long-
run growth. Technology is diffused in this framework by being embodied in in-
termediate inputs: if research and development (R&D) expenditures create new
intermediate goods that are different (the horizontally differentiated inputs model)
or better (the quality ladder model) from those already existing and if these goods
are also exported to other economies, then the importing country's productivity
will increase through the R&D efforts of its trade partner.

The framework suggested by these models is well suited to studying empiri-
cally how trade patterns determine technology flows that trigger productivity
growth and what impact importing a new (or better) type of intermediate prod-
uct might have. First, the possibility of employing a larger range of intermediate
inputs in output production allows for a productivity-enhancing increase in the
degree of specialization in the production of intermediate inputs. To the extent
that the importing country succeeds in not paying in full for this increase in
variety, it reaps an external benefit, or, spillover effect. Second, the import of
specialized inputs might facilitate learning about the product, spurring imitation
or innovation of a competing product.

In this article I use data on the G-7 countries (Canada, France, Germany, Italy,
Japan, the United Kingdom, and the United States) and Sweden to evaluate these
mechanisms. The traded goods studied are machinery inputs for manufacturing
industries, which are usually differentiated and imperfect substitutes. Machinery
inputs are also often highly specialized, implying that the elasticity of substitu-
tion between inputs produced for two different industries is negligible.

In this setting I examine whether productivity growth in an importing country
is increased by the R&D investments of its trade partners. It is clear that the
pattern of trade in intermediate inputs is central to this technology diffusion
hypothesis. Both the increasing variety and the reverse-engineering effects are
tied to arm's length market transactions of goods.2

The first hypothesis concerns the composition of imports bv a partner coun-
try. On average, countries that import largely from high-knowledge countries
should, everything else equal, import more and better-differentiated input varie-

1. See the review of the literature below, as well as Aghion and Howitt (1998) for a broader discussion.
2. Of course, other mechanisms of international technology diffusion, such as foreign direct investment

(FDI), do not depend on imports. On FDI, see Lichtenberg and van Pottelsberghe de la Potterie (1998a) and
Wang and Xu (1996).
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ties than countries importing largely from low-knowledge countries. As a result,
productivity should be higher in such countries than in countries that import
from low-knowledge countries.

The second hypothesis posits that for a given composition of imports, this
effect is likely to be stronger the higher is a country's overall import share. There
are many reasons why a higher import share (or more openness) might lead to
higher growth rates, however, some of which have little to do with international
technology diffusion (see, for example, Edwards 1993). Because the claim that
import composition matters is shared by fewer other models than the claim that
a high overall level of imports is beneficial, I focus on import composition in
order to address the question of whether trade is an important determinant of
international technology diffusion. For the same reason examining the effect of
import composition is a more powerful test of the recent trade and growth mod-
els than is studying the overall effect of imports.3

A number of recent articles have attempted to assess the importance of imports
in transmitting foreign technology to domestic industries and spurring total factor
productivity (TFP) growth (Coe and Helpman 1995; Coe, Helpman, and Hoffmaister
1997; Evenson 1995; Keller 1997,19 98a, 1998b; Lichtenberg and van Pottelsberghe
de la Potterie 1998b).4 Coe and Helpman (1995), who initiated this research, find
a significant positive correlation between TFP levels and a weighted sum of partner-
country R&D stocks, in which bilateral import shares serve as weights.5

The interpretation of this finding is not clear, however. Using the same data,
Keller (1998a) finds that the role played by the composition of imports is limited:
alternatively weighted R&D stocks-in which import shares are created ran-
domly-also lead to a positive correlation between foreign R&D and the import-
ing country's R&D. Moreover, the average correlation is often larger than when
foreign R&D is weighted using observed import shares.6

While making the point that Coe and Helpman's (1995) correlations do not
depend on the observed patterns of imports between countries, Keller's (1998a)
results do not imply that R&D spillovers are unrelated to international trade, for
several reasons. First, Coe and Helpman (1995) use aggregate import data to
compute the trade-share weights for a given country. Overall import relations
between countries, however, are likely to be a poor measure of relations in inter-

3. For further discussion of the implication of such model identification problems, see Evenett and
Keller (1998).

4. Park (1995), Bernstein and Mohnen (1998), and Branstetter (1996) also cstimatc international R&D

spillovers but do not include an explicit argument with respect to international trade. See also Eaton and
Kortum (forthcoming).

5. Coe andHelpman (1995), as well as other authors, consider not only the effect of importcomposition
but also the effect of technology inflows resulting from the level of imports, with the import composition
given. Both might contribute to international technology diffusion. In this article, however, I focus primarilv
on the effect of import composition for model identification reasons.

6. Keller (1998a) and Coe, Helpman, and Hoffmaister (1997) also report regressions of TFP on
unweighted R&D stocks, something that Coe and Helpman (1995) consider as well. The relationship of
these regressions to the analysis in this article is discussed in section IV.
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mediate goods trade. Second, most R&D is conducted in only a relatively small
set of manufacturing industries (OECD 1991). Thus inferences that might be drawn
from analysis of data at a more disaggregated level may not be possible based on
country-level analysis. Third, common trends and shocks that affect R&D and
productivity simultaneously might lead to spurious regression results that cloud
any real international technology diffusion related to trade patterns. Finally, even
if trade patterns are not the only determinants of international technology diffu-
sion, it is necessary to quantify their contribution in order to assess the relative
importance of such patterns.

In this article I analyze R&D, imports, and productivity at the two- and three-
digit industry level. One is much more likely to observe trade flows embodying
new technology at this level of aggregation than at the country level. I present
estimation results for both TFP levels and TFP growth rates and address some of
the open questions concerning common trends and simultaneity. (In appendix A
I also report different sets of auxiliary regressions that analyze the robustness of
the findings.) I also extend the Monte Carlo analysis of Keller (1998a), showing
how such experiments are related to estimating an overall spillover effect from
foreign R&D. This analysis allows me to determine whether some international
R&D spillovers are related to trade patterns.

I. THEORETICAL FRAMEWORK

The following gives a brief background of the recent theory that guides the
empirical analysis performed here.7 Long-run growth is endogenously determined
by R&D investments, and technology is transmitted through trade in intermedi-
ate inputs. Assume that a country's output is produced according to

(1) z = Aladl, O < a < 1

where A is a constant, I are labor services, and d is a composite input consisting
of horizontally differentiated goods x of variety s:

(2) d = (J x(s)i''ds )

The variable ne denotes the range of intermediate inputs employed in a country;
it can differ from n, the range of intermediate inputs produced in a country. The
variable n increases when entrepreneurs devote resources to R&D (X). If R&D

capital does not depreciate, the range of intermediate inputs at time Twill equal

(3) n(T)= JX(t)dt

7. See Aghion and Howitt (1992), Grossman and Helpman (1991), Rivera-Batiz and Romer (1991),
and Romer (1990). The books by Barro and Sala-i-Martin (1995) and Aghion and Howitt (1998) offer
broader perspectives on the topic.
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that is, the cumulative resources devoted to R&D up to time T. I define n(T) _ S(T).
The goods x(s) are best thought of as differentiated capital goods; they are

produced with forgone consumption, or capital, denoted by k. Under certain
conditions one can express the total intermediate input usage d in terms of capi-
tal k. Using equation 1, we can write the reduced-form expression for output as

(4) z = A(n')alIkl-`.

If F is TFP, defined as F - z /Illk1-, using equation 4:

(5) logF = logA + clogne.

Equation 5 shows that productivity is positively related to the amount of variety
of the employed product.

Many countries, v = (i,h,...,V), will import foreign intermediates rather than
use only domestic varieties, implying that each country employs a larger range of
intermediate goods than it produces itself. In this sense the possibility of trade
allows each country a greater degree of specialization in the production of inter-
mediate goods than would be possible without trade. Specialization raises pro-
ductivity, because the constant elasticity of substitution specification in equation
2 implies that for a given quantity of primary resources, output is increasing in
the range of differentiated inputs (Ethier 1982). International trade leads to in-
creases in productivity because only one country has to invent a new product
variety (by spending the fixed R&D cost, X), whereas all countries can potentially
employ the new product by importing it.

When there are many countries and industries, denoted j = (1,...,J), the com-
posite input d of country i's industry j, di,, is given by

(6) d-` = x, (s)'-ds + 7hJ h (s') 1-ads'+ .)

Here, x{j (s) denotes the quantity of an intermediate good of variety s used in
sector j. The country that produces the intermediate good is given by the sub-
script; the superscript denotes the country that employs the intermediate good.
Similarly, nt, gives the range of domestically produced intermediate goods em-
ployed in country i's production of good j, and nhj is the range of goods that
country i imports from country h. The variable Ai determines the degree of
substitutability between intermediates produced in country h and domestic inter-
mediates produced in country i's industry j. If substitutability is perfect, then the
Ys equal one.8

8. To capture the often highly specialized nature of machinery inputs for particular industries, I assume
that only inputs of type jare productive in any country's sector j. Keller (1998b) also examines interindustry
technology flows.
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For simplicity, most theoretical work has concentrated on one-industry, two-
country models (Rivera-Batiz and Romer 1991; Keller 1996).9 As a result, em-
pirical work using a multi-country, multi-industry setting has usually not esti-
mated structural equations of such models of trade, technology diffusion, and
growth. Instead, to go from the structural relationship of productivity and R&D

in the one-sector closed-economy model (equation 5) to the multi-country, mtulti-
industry context, researchers have related productivity to both domestic and for-
eign R&D, (O W V:

where T(.) and cI)(.) are unknown functions.
However, the model of trade in intermediate inputs predicts that productivity

in country v is related to R&D in country w • v only to the extent that country v
employs imported intermediates from country w. Productivity in country v should
depend on country v's bilateral import share from w, denoted by mv (the import
composition effect), as well as country v's overall import share, denoted by mv.
At the industry level this means that

(7) Fv = (D(SUj, S"'j, mvj, mU),Vv,

One can think of the import shares in equation 7 as indicating the probability of
receiving a new type of foreign intermediate. This is certainly the correct inter-
pretation in the extreme case in which mv = 0. In all other cases, however, there
is not necessarily a link between the level of imports and the number of types of
newly introduced intermediate goods in the local economy.10 Grossman and
Helpman (1991) suggest several reasons why it is likely that the number of new
varieties adopted from a partner country is positively related to the import vol-
ume from that country. This assumption guides the empirical specifications in
section III.

II. DATA

I examine data for eight OECD countries-Canada, France, Germany, Italy,
Japan, Sweden, the United Kingdom, and the United States-in six sectors for the
years 1970-91. (See appendixes B and C for data sources and the construction of
the variables.) These sections include International Standard Industrial Classifi-
cation (isic) 31 (food, beverages, and tobacco); isic 32 (textiles, apparel, and

9. Exceptions include Grossman and Helpman (1990), Feenstra (1996), and Aghion and Howitt (1998).
10. Especially if one also considers indirect effects, such as the possibility that importing leads to local

learning through reverse-engineering and the subsequent invention of new inputs, it becomes clear that the
volumne of imports is an imperfect measure of the increase in varieties available domestically. An interesting
alternative, albeit one with problems of its own, has been considered by Klenow and Rodriguez-Clare
(1 996), who postulate that the number of different varieties of intermediate goods is related to the number
of different trade partners a country has.
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leather); isic 341 (paper and paper products); isic 342 (printing); IsIc 36 and 37
(mineral products and basic metal industries); and isic 381 (metal products). All
sectors belong to isic class 3 (manufacturing). The reliability and comparability
of the measurement of inputs and outputs is high in these sectors relative to
nonmanufacturing sectors.

The data on imports of machinery come from the OECD Trade by Commodi-
ties statistics (OECD 1980). I have tried to identify machinery imports that have a
high probability of being used exclusively in one of the six manufacturing indus-
tries. These commodity classes are (revision 2) Standard International Trade Clas-
sification (SITC) 727 (food-processing machines and parts); SITC 724 (textile and
leather machinery and parts); SITC 725 (paper and pulp mill machinery, machin-
ery for manufacturing of paper); SITc 726 (printing and bookbinding machin-
ery and parts); SITC 736 and 737 (machine tools for working metals and metal-
working machinery and parts); and (revision 1) SITC 7184 and 7185 (mining,
metal-crushing, and glass-working machinery). The bilateral trade relations for
these SITC classes are given in full in tables A-1 to A-6 in appendix A.

OECD ( 1991) data on R&D expenditures by sector are used to capture the ranges
of intermediate inputs, n. These data cover all intramural business enterprise
expenditures on R&D. Because none of these industries has a ratio of R&D expen-
ditures to value added of more than 0.5 percent, it is reasonable to assume that
insofar as their productivity benefits from R&D at all, it will be largely from R&D

performed outside the industry. Because there are no internationally comparable
data on R&D in the machinery industry products used in specific industries, I
assume that R&D expenditures toward sector j's machinery inputs are equal to a
certain constant share of the R&D performed in the country's nonelectrical ma-
chinery sector (ISIC 382), where all specialized new machinery inputs are likely to
be invented.11 R&D stocks are derived from the R&D expenditure series using the
perpetual inventory method. Descriptive statistics on the cumulative R&D stocks
are given in table A-7.

I construct the TFP index using the Structural Analysis Industrial (STAN) data-
base of the OECD (1994). The share parameter ax is, by profit maximization of the
producers, equal to the ratio of total labor to production costs. As emphasized by
Hall (1990), using cost-based rather than revenue-based factor shares ensures
robustness of the TFP index in the presence of imperfect competition, as in the
model sketched above. Building on the integrated capital taxation model (see
Jorgenson 1993 for an overview), I construct cost-based labor shares. The vari-
ables 1, the number of workers employed, and y, gross production, come from
the STAN database. The growth of the TFP index, F, is the difference between
output growth and input growth weighted by factor-cost shares, with the level of
the F's normalized to 100 in 1970 for each of the 8 x 6 time series. Summary
statistics for the TFP data are shown in table A-8.

11. This constant share is industry employment divided by total manufacturing employment over the
years 1979-81. The employment data are from OECD (1994).
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III. ESTIMATION RESULTS

Below I present and discuss TFP-level estimation results. Then, I report and
discuss estimation results for TFP growth rate regressions.

TFP-Level Specification

Consider the following specification:

(8) logF>jt = Rjdj + b8d, + IPC (m, log SCe) + v, v,j, jt.
CEG7S

The subscript t indexes a period, c indexes any of the eight countries in our
sample (denoted as G7S in equation 8), dj represents industry fixed effects, and
dv represents country fixed effects. In this specification the TFP level in any indus-
try is related to R&D in the same industry in all eight countries. The domestic
weight, m'v' Vv, j, is set to one, and the weights of the partner countries are given
by the bilateral import shares, • 3vm"1 = 11,Vv, j. The eight country elasticities,
PC, are constrained to be the same across importing countries.12

In equation 8 the import shares pick up differences in import composition
across countries, which, according to the theory, affect the degree to which the
importing country benefits from foreign technology. The specification also im-
plies that two countries with the same import composition but different overall
import shares benefit to the same degree from foreign R&D-an unlikely out-
come if a higher overall import share increases a country's chance of benefiting
from foreign technology. Following Coe and Helpman (1995), I model the con-
tribution of a country's openness to imports for a given import composition by
including the overall import share, ma, in the specification:"3

(9) log Fj1 =1 idj + ,d, + , (mjm' logSCj,)+
ce G7S

I refer to a specification that does not include the overall import share, as in
equation 8, as NIS; a specification that includes the overall import share is re-
ferred to as IS. 4

12. This approach differs from that of Coe and Helpman (1995), who estimate one parameter for the
effect of foreign R&D. In addition, here, the bilateral import shares enter linearly, not logarithmically.

13. For the own-R&D effect, M is chosen such that m mi' log Sq, = log S,,,, Vv, j, t, that is, mj then
equals one.

14. Lichtenberg and van Portelsberghe de la Potterie (1998b) criticize Coe and Helpman's (1995)
specification using the overall import share because it implies an indexation bias. Their criticism does not
apply here, because I have not indexed the R&D stocks. Lichtenberg and van Pottelsberghe de la Potterie
(1998b) also point out that Coe and Helpman's weighting scheme suffers from a strong aggregation bias
(country mergers or break-ups would strongly affect the estimated spillovers). I have not investigated this
question in the present context, but Wang and Xu (1996) compare the weighting schemes proposed by
Coe and Helpman (1995) and Lichtenberg and van Pottelsberghe de la Potterie (1998b), and propose a
third scheme themselves.
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Both specifications, equations 8 and 9, might be subject to simultaneity and
omitted variable biases. These two problems would imply that the ordinary least
squares (OLS) estimates are inconsistent, because the regressors and the error term
are correlated. Since both productivity and R&D trend upward over time, part of
the estimated correlation between the variables in equations 8 and 9 could be due
to a common trend. In addition, the error could contain price or demand shocks
that affect productivity and R&D jointly.' 5

To some extent, these problems can be reduced by imposing reasonable a
priori restrictions on the dependent variable, TFP.16 The importance of spurious
correlation due to common trends can be assessed by comparing level regressions
with results from growth regressions (presented in the next section), in which
time-differencing eliminates common trends.17

Even with a growth specification, however, the possibility remains that exog-
enous shocks in the error term are correlated with changes in R&D activity. The
solution to this problem is typically instrumental variable (IV) estimation. How-
ever, a standard choice for instrumenting quantity series-namely, real factor
prices-is not available in the R&D context. Moreover, it is hard to obtain data
on other variables that would serve as good instruments for cumulative R&D

stocks for all countries, industries, and years in the sample.
If no good instruments are available, consistent parameters can still be esti-

mated in the panel context by including a full set of fixed effects, provided the
error can be decomposed into a permanent component that affects the regressor
and a temporary component that does not. In this way, the part of the error that
is correlated with the regressor will then be subsumed into the estimated fixed
effect. Griliches and Hausman (1986) show that including a large number of
fixed effects exacerbates errors-in-variables problems, however, which are also
likely to be present in this context. The productivity-level specifications reported
above together with the growth specifications reported below represent a com-
promise among these considerations. Additional auxiliary regressions are dis-
cussed in appendix E.

Results for the specifications given in equations 8 and 9 show that R&D stocks
in all countries have a significant and positive influence on the TFP level of the
receiving country (table 1). The magnitude of these effects, however, varies sub-
stantially. In the second specification, for example, results range from a low of
1.9 percent for Germany to a high of 27.6 percent for Sweden. The specifications
account for one-third to one-half of the variation of the TFP indexes across coun-
tries, with the NIS specification yielding a higher R2 .

Do the results really say anything about the international diffusion of technol-
ogy? To what extent, for example, do these results depend on correlating TFP

15. This section draws on Griliches (1979, 1995).
16. See appendix C for details.
17. For comparison purposes, in appendix E, I discuss pFp-level regressions that include time fixed

effects.
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Table 1. Total Factor Productivity-Level Specifications
Country NISa lsb

Canada 0.101 0.201
(0.027) (0.043)

France 0.209 0.236
(0.019) (0.024)

Germany 0.071 0.019
(0.009) (0.009)

Italy 0.066 0.083
(0.014) (0.015)

Japan 0.068 0.127
(0.014) (0.020)

Sweden 0.206 0.276
(0.022) (0.025)

United Kingdom 0.188 0.150
(0.022) (0.027)

United States 0.111 0.080
(0.007) (0.011)

R 2 0.472 0.357

Note: All parameter values are statistically significant at the 5 percent level. Asymptotic standard
errors are shown in parentheses. n = 1,056.

a. Specification does not include overall import share (see equation 8).
b. Specification does include overall import share (see equation 9).

with R&D, as opposed to physical capital? Perhaps technology is embodied in the
physical capital stocks of the countries, and correlating TFP with foreign capital
stocks would produce results similar to those found by correlating productivity
with foreign R&D. To examine this question, I construct these physical capital
stocks, denoted by Kt7j, and use them instead of the R&D stocks S,j, in the speci-
fications given by equations 8 and 9. The Kvit variables are based on the esti-
mated capital stocks in the nonelectrical machinery industries of the eight coun-
tries (isic 382); their construction is analogous to the R&D stocks Sj, In the NIS
specification (equation 8) substituting Kj, for Sj, results in a drop in the R2 from
0.472 to 0.169. In the IS specification (equation 9) the R2 also falls substantially,
from 0.357 to 0.179. Thus variation in R&D levels accounts for much more of
the variation in TFP levels, suggesting that cumulative R&D captures the econo-
mies' stocks of technology better than physical capital does.

The result that high stocks of weighted foreign R&D are associated with high
domestic productivity is interesting, but as such it does not say much about the
importance of the fact that the weighting variables are the observed bilateral
import shares. If these shares are interpreted as the probability that the import-
ing country receives new intermediate inputs from a partner country, a natural
question to ask is how the estimated parameters would look if we had em-
ployed a different set of probability weights, corresponding to different import
patterns.
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To examine this issue, I conduct Monte Carlo experiments. I investigate
two different questions."8 First, conditional on the effect of domestic R&D on
productivity, is there evidence indicating that the composition of intermediate
imports matters for productivity growth across sectors? Second, is there support
for the hypothesis that foreign and domestic R&D have different effects on
productivity?

DOES PRODUCTIVITY PERFORMANCE REFLECT THE COMPOSITION OF INTERMEDIATE

IMPORTS? In the following experiments I randomly switch the bilateral import
shares of given importing countries. Let b denote a specific Monte Carlo
replication, b = 1,...,B. The experiments are constrained such that only the
composition of international demand is randomized. That is, the results are
conditional on the domestic R&D effect: e0, (b) = 1, Vv, j, b. For all w • v this
means that

(10) Oe (b)=mv with Pr= q e G7S\v,Vv,w,j.

The 0" ,(b) are constructed such that we,0V1 (b) = 1, that is, any observed import
share is assigned only once."9 The two specifications are

(1 1) logFvj,=g1jdj + 6dv + IP[fivy(b)logS,,] + £V;,,1v;,tSb
cEG7S

and

(12) logFv0 t = +jdj+ dv+ [mvi v(b) log Scit]+J vit+ Vv,j,tb.
ceG7S

In 75 percent of the cases the average estimates of Ic are significantly different
from zero and positive (table 2). In addition, these coefficients are sometimes
smaller and sometimes larger than those obtained by employing observed import
shares. Thus no clear pattern can be detected. Moreover, the regressions that

18. Another approach to gauge the importance of the mVs might be to simply drop them from equations

8 and 9. In equation 8 only two of eight Ic parameters are then estimated to be significantly different from

zero (that of Japan, at -2.02, and that of the United States, at 1.37). If the bilateral import shares in equation

9 are dropped, only the j, parameters for Germany, Italy, and Sweden are significantly positive; the parameter

for France is significantly negative and those of the other countries are not significantly different from zero.

Clearly, according to this test, the bilateral import shares matter. What is not clear so far, however, is

whether the import composition or only the fact that the ml are not equal to one also matters.

19. For a given industry and importing country I draw seven numbers from a uniform distribution with

support [0,1]. These are matched with the seven observed import shares to form a 7 x 2 matrix. This

matrix is then sorted in ascending order on the random number column. In this way the probability that

any import share o, (b) is equal to the value ml I, for all w, is equal to 1/7. A new sequence of trade

relations (the seven numbers from the uniform distribution with support [0,1]) is drawn for every importing

country and every industry, making a total of 8 x 6 = 48 independent sequences.



28 THE WORLD BANK ECONOMIC REVIEW, VOL. 14, NO. 1

Table 2. Total Factor Productivity-Level Regressions
NIS IS

Import Import
Observed shares Shares Observed shares Shares

Country sharesa switchedb switchedc sharesd switchedO switcbedf

Canada 0.101** 0.159 0.191 0.201** 0.104 0.026
(0.027) (0.081) (0.097) (0.043) (0.085) (0.253)

France 0.209** 0.161 * 0.132 0.236** 0.180 * 0.028
(0.019) (0.063) (0.068) (0.024) (0.081) (0.156)

Germany 0.071** 0.118** 0.115** 0.019 ** 0.128** 0.107
(0.009) (0.042) (0.052) (0.009) (0.049) (0.132)

Italy 0.066** 0.087'* 0.134 0.083** 0.083** 0.243
(0.014) (0.028) (0.080) (0.015) (0.028) (0.308)

Japan 0.068** 0.103** 0.123** 0.127** 0.097* 0.034
(0.014) (0.043) (0.053) (0.020) (0.046) (0.136)

Sweden 0.206** 0.172** 0.147*' 0.276** 0.253** 0.200
(0.022) (0.053) (0.072) (0.025) (0.042) (0.244)

United Kingdom 0.188** 0.134** 0.134 0.150** 0.165 0.028
(0.022) (0.064) (0.067) (0.027) (0.086) (0.129)

United States 0.111** 0.082** 0.108** 0.080** 0.081 0.035
(0.007) (0.039) (0.043) (0.011) (0.044) (0.092)

R2 0.472 0.490 0.522 0.357 0.379 0.260

* * Significant at the 5 percent level
Note: Standard errors are shown in parentheses. n = 1,056. The NIS specification does not include

overall import share; the IS specification does include overall import share.
a. See equation 8.
b. See equation 11.
c. See equation 14.
d. See equation 9.
e. See equation 12.
f. See equation 15.

employ randomly switched import shares account for a slightly higher share of
the variation in productivity than the observed import share regressions.

The fact that it is not necessary to impose the observed import shares to esti-
mate significant international R&D spillovers parallels the finding of Keller (1 998a)
that one cannot test the hypothesis of links between R&D, the trade pattern, and
TFP simply by examining whether the parameter estimates are positive or the R2 is
high. Obviously, the regression results are to some degree invariant to the weights
with which the R&D stocks are multiplied. This would be trivial if the R&D stocks
of different countries were equal in size and moved together over time. However,
as shown in table A-7, there are considerable differences in the cumulative R&D

stocks of different countries. In addition, the R&D stocks of different countries
do not grow at the same rates, nor do they rise and fall simultaneously (figure
1).2o This reasoning, at least in its extreme form, thus cannot explain the finding

20. The average annual growth rates of the R&D stock estimates range from 3.64 percent for Canada
to 11.88 percent for Italy. The standard deviations of these growth rates for different four-year subperiods
across countries range from a low of 2.87 percent (1978-82) to a high of 5.15 percent (1970-74).
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Figure 1. Rate of Growth ofMachinery R&D Across Countries, 1970-91

Perentage growth

197S'4 > -. _ w S z v .: -~ -

1978-82 --........ X: 

1982-86 : E
l986-91 ° rt t

0~~~~~~~~~~

that the parameter estimates are to some extent invariant to switching the import
shares.

Another interpretation of these results is that although import composition
matters, conditional on the effect of domestic R&D, its impact is limited. It is im-
portant to realize that the effect of a country's import composition on its produc-
tivity is identified primarily from particularly low and particularly high import
shares. Clearly, if all countries imported from their partners to the same extent,
exchanging bilateral import shares would have no effect on the regression results.

This notion will be made more precise below. At this point, it is worth noting
that the parameters for R&D from Canada and the United States are estimated
very imprecisely and are often not different from zero at standard significance
levels (table 2). This result is consistent with the idea that the trade-related effect
of R&D is identified primarily from countries with extreme trade patterns, such
as that exhibited by the United States and Canada, which have very large import
shares with each other (tables A-1 to A-6). This trade pattern differs substan-
tially from a symmetric trade pattern, in which countries import equal shares
from all partners. Technology flows from these countries do not significantly
affect productivity once the import shares are randomized.

FOREIGN AND DOMESTIC INTERMEDIATE INPUTS: DOES IT MATTER HOW MUCH AND

FROM WHERE? In these experiments I switch the observed bilateral shares randomly,
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including the weight on domestic R&D (M = 1, Vv,j). Any bilateral import share
in replication b, ov. (b) is thus equal to

ci v with Pr= 1

(13) 6sj(b) = . , Vv, c, j.
mvj wihP1 8

Because mv = 1 and S mv , =1, Vv,j, it holds that 1,cyvi(b) = 2, Vv,j. Hence the
experiment reveals whether, conditional on the value for m = 1, Vv,j chosen ex
ante, it is important to distinguish between embodied technology in intermediate
inputs from domestic producers and from foreign producers. The equations
are

(14) 1ogFv,1 =gtdj +8d, + E c[ov(b)logSqt ]+ j,,b,vj,t
cEG7 S

for the NIS specification and

(15) logFvt = pd1 +8d, + b[m,j6v (b)jlogS vjt Y 3 j, t

ceG7S

for the is specification.
In 75 percent of the cases the Monte Carlo experiments result in coefficient

estimates that are statistically indistinguishable from zero at the 5 percent level
(table 2). For the model given by equation 14, half of the coefficient estimates are
not significant; none of the fc estimates for the model given by equation 15 is
significant. The average R2 in column three (0.522) is larger than that for the
corresponding observed data regression. This finding is surprising, but could be
spurious. Overall, the result that parameter estimates tend not to be significantly
different from zero in the Monte Carlo experiment implies that if use of interme-
diate inputs, produced abroad or domestically, is determined randomly, the sta-
tistically significant relationship between R&D and productivity disappears.

To summarize, significant and quantitatively important productivity effects
from R&D are found if the domestic source of technology diffusion is distin-
guished from foreign sources, while no robust relationship between R&D and
productivity is found if domestic and foreign sources are treated symmetrically.
It thus follows that the source of technology diffusion (domestic or foreign) mat-
ters. Moreover, because the domestic R&D weight, m8, is set to equal one, Vv,j,
whereas only the sum of foreign R&D weights equals one (Y,X v ml' 1, Vv,j),
the comparison of the observed share results and the randomized share results
indicates that domestic R&D has a stronger impact on productivity than R&D

from the average foreign country. This suggests that international technology
diffusion might be nationally, or, more generally, geographically localized for
these countries.
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In appendix E I discuss some auxiliary regressions that include more fixed
effects and a time trend in the basic specifications given by equations 8 and 9.
Overall, the results in the appendix suggest that the findings above are robust.

Estimation of TFP Growtb

The TFP growth specifications corresponding to equations 8 and 9 are

(16) AF, =c (XO+ , im AS, +Evit5 VV, ' t
Vjt cEG7 S. t

where Ax/x denotes the average annual growth rate of any variable x, and mv>=
1,Vv,j. The specification that includes the overall import share is given by

(17) AFj- =X0 + Xf¢ mv;mc AS +v,tt5Vv, i,t
v;t cEG7S cjt

where the value of the import share from v, mj, is set equal to one, Vv, j. Dividing
the period of observation into five subperiods of about four years each yields 240
observations (table 3).21

All slope coefficients are estimated to be positive. Moreover, in the Is model
they are also significantly different from zero at the 5 percent level. The is ap-
pears to be the preferred specification in this class of models. This result is con-
sistent with the arguments given above as well as with the findings of Coe
and Helpman (1995), even though the R2 here is lower in the is than in the NIS

specification.
Only the results of the Monte Carlo experiments that were conditional on the

effect of domestic R&D-those in which only the import shares were switched-
are presented (table 3). The specifications are

(18) U7t = aO+ + 1C I eVO(b) S )+ v I,iVb,v,j,t
IFjt cEG7 S cit

and

(19) AF1t =cxo + Y, 3cjmvjO3 (b) CSt + ,t, Vb,v,j,t.
Flit ceG7S \. Cjt

For each of these specifications I conduct 1,000 experiments. All Monte Carlo-
based coefficients are estimated to be significantly greater than zero, confirming

21. The fact that the specifications given by equations 16 and 17 do not include industry or country

fixed effects means that these industries are assumed to share a common growth rate. In reality, this

assumption might be violated, and I have run some auxiliary regressions that include industry and country
fixed effects into these growth regressions. In most cases these fixed effects are not estimated to be different

from zero at standard levels of significance, so I do not include them here. See appendix E for more details.
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Table 3. Total Factor Productivity Growth Specifications
NIS is

Import Import
Observed shares Observed shares

Country sharesa switchedb sharesc switcbedd

Canada 0.351* 0.383** 0.415** 0.427**
(0.178) (0.122) (0.158) (0.022)

France 0.437** 0.431** 0.503** 0.512**
(0.139) (0.078) (0.141) (0.018)

Germany 0.198** 0.210** 0.235** 0.252**
(0.067) (0.027) (0.060) (0.009)

Italy 0.093* 0.126** 0.151** 0.157**
(0.054) (0.030) (0.053) (0.007)

Japan 0.068 0.077** 0.166** 0.169**
(0.076) (0.037) (0.080) (0.010)

Sweden 0.153** 0.155 * 0.172** 0.189**
(0.072) (0.037) (0.070) (0.008)

United Kingdom 0.380** 0.358** 0.493** 0.508**
(0.153) (0.077) (0.158) (0.018)

United States 0.137** 0.108** 0.173** 0.173**
(0.062) (0.024) (0.061) (0.009)

R2 0.127 0.134 0.105 0.109

*Significant at the 10 percent level
* *Significant at the 5 percent level
Note: Standard errors are shown in parentheses. n = 240. The NIS specification does not include overall

import share; the is specification does include overall import share.
a. See equation 16.
b. See equation 18.
c. See equation 17.
d. See equation 19.

the earlier results from productivity-level regressions. Moreover, the mean esti-
mates from the Monte Carlo experiments are very similar to the coefficients in
the corresponding observed trade-share regression. For instance, a 95 percent
confidence interval for the coefficient of Canada in the is specification is equal to
0.427 ± (2 x 0.022). That this interval also includes the estimate for the import-
weighted R&D effect from Canada when employing observed data (0.415), im-
plies that the Canadian trade-related R&D effect is not statistically different from
a randomized Canadian R&D effect, as captured by the average Monte Carlo
estimate. The only parameters j,S that are significantly different in the randomized-
share results compared with the observed-share results are for Sweden in the is
specification and Japan in the NIS specification.

IV. SEPARATING TRADE-RELATED R&D SPILLOVERS FROM

AVERAGE R&D SPILLOVERS

In this section I show how switching the import shares is related to an average
spillover effect from foreign R&D. I also examine whether the pattern of interna-
tional trade influences international technology diffusion.
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Monte Carlo Experiments and Average Foreign R&D Spillovers

Consider the average of a particular off-diagonal R&D weight across the B
simulations, a71' (b) = 11B 105v (b), Vw • v. Because the exchanging of the mv is
independent and identically distributed (i.i.d.) as B e , this average will be the
same for all, aw(b) = a(b),Vv,w. With seven trade partners for any importing
country, given that 7 x 6(b) = 1, 6(b) = 1/7.22 Hence for any partner country's
R&D variable across all B replications,

=ASw lb YwV(b) = ()AS.4j,Vw#V(20) 1 E_ o(bWj bw (= (b) t w•v.
B , SwSSwJ w B S

Therefore, across all B replications the average regressors are the average annual
growth rates, ASw/ISw,j, w • v, multiplied by 6(b) = 1/7 for all partner countries
and by AS,IS01, the own-country R&D variable. Note, however, that the coeffi-
cients reported from the Monte Carlo experiments are averages across the OLS

estimates from 1,000 replications, not OLS estimates from employing the average
regressors. Nevertheless, as I show in appendix D, the two will be very similar
under certain circumstances, both because the regression equation is linear and
because the trade weights enter the specification linearly. The Monte Carlo-based
estimates can then be viewed as estimating average R&D spillover effects. In table
4 I present the following average R&D spillover regression23

(21) F - C+ Y Lmvj K(b) S )]
1Vjt cEG7S Lcqt

Comparing this regression with the Monte Carlo-based results from table 3, it is
clear that the Monte Carlo averages indeed estimate the average R&D spillover
effect. The maximum relative difference between the estimated parameters is 2
percent (18.5 percent compared with 18.9 percent in the case of Sweden).24

Estimating the Contribution of Trade Patterns in Accounting for
Productivity Growth across Countries

The previous section suggests a direct way of assessing whether there is a mar-
ginal international R&D spillover that is related to international trade patterns.
Consider the following regression:

(22) a=o+ +Llc[mVia(b) -S /t+ I PI vtm a( )) s j
Vit cc-G7 cit cEG7S Cit

22. This argument applies to any way of creating random import shares as long as it is i.i.d. and imposes
.( o., (b) = 1, Vb,v. It encompasses the procedure in Keler (1998a) and also randomizations that create arbitrary

random shares, as opposed to randomization through exchanging the observed import shares, as has been done here.
23. Even if m,, does not enter the following equation, the regression is feasible because the weight for

domestic R&D is set equal to one. Otherwise, the average spillover regression (without m>,) would not be
feasible, because the regressor a(b)ASJS. would not vary by importing country. See the discussion in
Lichtenberg (1993) on estimating the impact of a general R&D spillover effect that is the same for all countries.

24. The estimated standard deviations in these two regressions are not comparable.
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Table 4. Total Factory Productivity Growth Estimations
Average R&D Import shares

Country spillover' switched5

Canada 0.426 0.427
(0.156) (0.022)

France 0.513 0.512
(0.139) (0.018)

Germany 0.252 0.252
(0.062) (0.009)

Italy 0.156 0.157
(0.052) (0.007)

Japan 0.167 0.169
(0.080) (0.010)

Sweden 0.185 0.189
(0.069) (0.008)

United Kingdom 0.508 0.508
(0.157) (0.018)

United States 0.173 0.173
(0.061) (0.009)

R 2 0.109 0.109

Note: All values significant at the 5 percent level. Standard errors are shown in parentheses. n = 240.
a. See equation 21.
b. See equation 19.

The eight regressors with parameters 3' measure the average R&D spillover ef-
fect, and the eight ,1ll coefficients estimate the marginal trade pattern-related
effect, if any. If there is no separate effect of international R&D that works through
the pattern of international trade, then the coefficients jM will be equal to zero,
and equation 22 will explain as much of the variation in productivity growth
rates as the average R&D spillover specification (equation 21) (table 5). The speci-
fication allowing for an additional R&D spillover effect related to trade patterns
explains more of the variation in TFP growth rates than the specification that
captures only the average R&D spillover effect (the adjusted R2 values are 9.6
percent compared with 7.8 percent). The marginal effect of the bilateral trade
pattern thus explains about 20 percent of the productivity growth effect from
international R&D spillovers.

The 1ll point estimates in table 5 can be interpreted to indicate that industries
that purchase a large share of their imports from a particular country (that is,
more than 1/7 of total imports) experience on average lower rates of productivity
growth than those that import the same share from all trading partners. The

25. Table 5 shows the adjusted R2 as the number of regressors in the two specifications differs. I have
considered analogous regressions for the NIS growth specification, as well as for the TFP-level NIS and is
regressions to check the robustness of this finding. I estimate that bilateral trade patterns accounted for 7.8
percent of the total international R&D spillover effects in the TFP-level NIS specification and 26.5 percent of
the total in the is specification. In these cases the restricted regression setting the 1l1 coefficients to zero is
rejected at all standard levels of significance. In the NIS growth specification no significant marginal trade-
related R&D spillover effect is estimated. Hence, while not perfectly robust, the pattern of bilateral trade is
estimated to contribute significantly to understanding the total productivity effect from foreign R&D,

accounting for about 20 percent of the effect in the preferred specification.
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Table 5. Total Factory Productivity Growth Estimations
Average Average and trade
spillover' spillover'

Country v Pi All

Canada 0.426** 0.389' -13.61'*
(0.156) (0.231) (4.30)

France O.S3*; 0.398** 4.11
(0.139) (0.181) (3.39)

Germany 0.252** 0.126 -1.24
(0.062) (0.083) (0.82)

Italy 0.1565* 0.102'" -2.10
(0.052) (0.061) (1.43)

Japan 0.167* 0.129 1.44
(0.080) (0.086) (2.28)

Sweden 0.185'* 0.165* -1.22
(0.069) (0.090) (2.19)

United Kingdom 0.508** 0.310 -5.12
(0.157) (0.189) (6.19)

United States 0.173** 0.157** -0.39
(0.061) (0.067) (0.84)

Adjusted R2 7.8 9.6

Significant at the 10 percent level.
* Significant at the 5 percent level.

Note: Standard errors are shown in parentheses. n = 240.

effect is estimated to be positive for France and Japan and negative for all other
countries. It is significantly different from zero at the 5 percent level only for
Canada, however.

V. CONCLUSIONS AND IMPLICATIONS FOR DEVELOPING COUNTRIES

In this article I examine the evidence on the effect of technology diffusion on
productivity growth through imports of new intermediate capital goods. I develop
an empirical model in which domestic productivity is related to the number of
varieties of imported differentiated inputs that are employed domestically. Based
on the hypothesis that the number of varieties from partner countries is related to
imports from those countries, I estimate the relation between domestic as well as
import-weighted foreign R&D and domestic productivity.

Three conclusions emerge from the analysis. First, there is evidence that coun-
tries benefit more from domestic R&D than from R&D of the average foreign
country. Second, conditional on technology diffusion from domestic R&D, the
import composition of a country matters, but only if it is strongly biased toward
or away from technological leaders. Third, differences in technology inflows re-
lated to the patterns of imports explain about 20 percent of the total variation in
countries' productivity growth rates.

What are the implications of this analysis for developing countries? The re-
sults suggesting that domestic R&D has a larger influence on productivity than
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R&D investments in the average country abroad must be qualified for developing
countries, many of which spend only a fraction of their total spending on tech-
nology on formal R&D. It is likely that the contribution of foreign sources of
technology is larger than that of domestic sources for many developing countries.

To confirm this conjecture requires high-quality industry-level measures of
productivity and technological efforts in developing countries, which are often
difficult to obtain. The conjecture that the relative contribution of foreign sources
of technology is higher the smaller is the country's relative contribution to the
world's pool of technological knowledge seems to be confirmed, however, by
results in Keller (2000). There, I estimate that in nine small OECD countries, the
R&D of the G-5 countries (France, Germany, Japan, the United Kingdom, and the
United States) taken together leads to productivity effects that are more than
twice as large as those from own-country R&D investments.

Given the greater relative importance of foreign sources of technology for a
typical developing country relative to the countries in this sample, one should
expect differences in overall import share and import composition to have a stron-
ger effect on differences in productivity growth in developing countries than I
have estimated here. Intermediate input imports contribute to the international
diffusion of technology and hence to the transfer of technology to developing
countries. Everything else equal, a higher share of trade promotes that process.

The composition of imports matters. Productivity growth in a typical develop-
ing country might not depend too much on whether 50 percent of its imports come
from the United States and 30 percent from Japan, or 30 percent from the United
States and 50 percent from Japan. But productivity is likely to be much lower if the
country were to significantly reduce the share of its imports from both the United
States and Japan while increasing its share of imports from other developing coun-
tries that are not world technology leaders. The results obtained here suggest that
relative import shares help explain productivity growth even in importing OECD

countries. The impact on productivity of a change in import composition is likely
to be an order of magnitude larger if developing-country trade patterns shift sub-
stantially between today's technological leaders and followers.

APPENDIX A. DATA ON IMPORT FLOWS

The specialized machinery trade data come from OECD ( 1980). Import data for
the first five industries are from mid-1980. For the sixth industry I was unable to
obtain data for 1980 from SITC revision 2 and therefore use 1975 data from SITC

revision 1. I use these tables to derive the variable ml 1, the bilateral import shares
of country v with countries w • v in sector j.
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Table A-1. Food-Processing Machinery Imports (SITc 727)
(1980 U.S.$)

Importing country
Exporting United United
country Canada France Germany Italy Japan Sweden Kingdom States

Canada 0 938 113 7 2 26 915 4,141
France 1,398 0 7,682 7,231 1,050 837 4,631 3,960
Germany 8,513 30,099 0 18,442 11,268 11,446 30,004 36,143
Italy 4,292 22,397 10,812 0 2,403 1,461 7,634 9,431
Japan 290 38 1,832 1,709 0 156 728 8,114
Sweden 1,181 1,332 1,225 606 487 0 2,310 1,916
United

Kingdom 3,655 6,274 4,638 3,226 1,679 1,800 0 8,551
United

States 63,235 12,559 6,196 2,838 8,458 2,022 23,435 0

Table A-2. Textiles and Leather Machinery Imports (SITc 724)
(1980 U.S.$)

Importing country
Exporting United United
country Canada France Germany Italy Japan Sweden Kingdom States

Canada 0 801 660 1,232 207 38 2,140 21,275
France 4,151 0 38,542 49,901 3,465 1,353 28,705 34,619
Germany 22,409 187,433 0 259,344 55,555 31,400 116,170 262,163
Italy 23,122 78,772 68,873 0 15,124 6,155 67,436 68,070
Japan 11,110 28,372 39,932 22,546 0 1,966 40,419 139,266
Sweden 3,558 5,145 8,530 2,181 3,864 0 9,713 29,519
United

Kingdom 9,953 40,817 47,110 42,585 8,856 6,632 0 53,270
United

States 143,551 27,501 33,617 21,479 14,106 5,167 49,242 0

Table A-3. Paper and Pulp Mill Machinery Imports (SITc 725)
(1980 U.S.$)

Importing country
Exporting United United
country Canada France Germany Italy Japan Sweden Kingdom States

Canada 0 1,352 278 304 2,722 85 919 35,110
France 534 0 25,553 16,619 109 4,560 13,245 10,01
Germany 9,767 65,245 0 47,290 17,197 31,354 61,340 68,760
Italy 794 32,561 22,365 0 353 1,834 10,028 6,125
Japan 2,829 315 7,392 925 0 782 3,831 11,535
Sweden 5,245 6,911 18,014 4,779 1,572 0 7,263 21,098
United

Kingdom 11,990 9,563 12,809 8,827 584 10,580 0 8,612
United

States 88,992 8,093 19,794 4,411 11,152 7,982 18,720 0



38 THE WORLD BANK ECONOMIC REVIEW, VOL. 14, NO. I

Table A-4. Printing and Bookbinding Machinery Imports (sITc 726)
(1980 U.S.$)

Importing country
Exporting United United
country Canada France Germany Italy Japan Sweden Kingdom States

Canada 0 441 272 543 153 309 2,663 8,537
France 944 0 13,589 13,497 169 6,140 31,642 8,090
Germany 18,467 133,716 0 105,198 77,149 41,834 141,982 143,425
Italy 2,320 26,061 21,148 0 10,622 2,711 20,418 51,072
Japan 6,224 4,786 5,332 3,420 0 2,227 21,027 60,713
Sweden 1,543 10,612 6,074 8s3 3,168 0 14,519 14,471
United

Kingdom 19,206 25,519 19,636 19,271 5,219 9,126 0 49,020
United

States 158,716 51,574 43,920 25,469 25,662 24,677 73,167 0

Table A-5. Machine Tools and Metal-Working Machinery Imports (sITc 736
and 737)
(1980 U.S.$)

Importing country
Exporting United United
country Canada France Germany Italy Japan Sweden Kingdom States

Canada 0 826 1,904 295 1,636 295 8,508 117,564
France 9,137 0 110,469 50,354 4,034 11,574 48,758 46,705
Germany 41,546 318,019 0 223,334 87,011 129,441 288,330 345,307
Italy 11,821 138,858 154,121 0 6,504 23,166 77,445 63,596
Japan 30,259 44,462 122,266 8,507 0 28,770 122,686 617,156
Sweden 8,612 17,788 45,895 15,588 4,916 0 37,929 52,440
United

Kingdom 41,064 58,034 83,115 44,457 6,081 25,671 0 169,590
United

States 608,480 66,698 72,679 29,627 93,295 22,344 161,467 0

Table A-6. Mining, Metal-Crushing, and Glass-Working Machinery Imports
(sITc Revision 1, 7184 and 7185)
(1975 U.S.$)

Importing country
Exporting United United
country Canada France Germany Italy Japan Sweden Kingdom States

Canada 0 1,517 341 312 453 294 2,559 73,438
France 11,738 0 78,204 38,841 1,316 9,063 49,246 32,890
Germany 22,999 97,060 0 47,026 3,687 25,154 50,335 64,832
Italy 3,503 26,645 34,749 0 141 1,853 17,079 11,597
Japan 13,582 3,700 16,499 7,454 0 654 13,612 42,338
Sweden 12,421 10,708 22,294 9,466 1,739 0 19,019 10,239
United

Kingdom 19,340 41,885 23,092 21,204 1,722 12,348 0 37,783
United

States 644,606 75,425 46,474 22,419 37,028 18,733 104,457 0
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Table A-7. Summary Statistics on Machinery R&D Stocks
(1985 U.S.$)

Country and industry Mean Standard deviation

Country
Canada 92.79 34.75
France 417.40 222.53
Germany 1,403.29 1,148.55
Italy 123.03 143.10
Japan 919.80 670.24
Sweden 170.59 98.33
United Kingdom 665.71 305.32
United States 3,379.03 2,720.96

Industry
Food 1,087.13 1,535.52
Textiles 1,363.09 2,036.03
Paper products 337.83 554.24
Printing 576.61 1,079.07
Minerals and basic metals 1,145.53 1,679.58
Metal products 960.72 1,457.14

Table A-8. Summary Statistics on Annual Total Factor Productivity Growth,
1970-91

Country and industry Mean Standard deviation

Country
Canada 0.0119 0.0086
France 0.0256 0.0102
Germany 0.0278 0.0074
Italy 0.0207 0.0188
Japan 0.0137 0.0092
Sweden 0.0205 0.0198
United Kingdom 0.0203 0.0041
United States 0.0149 0.0088

Industry
Food 0.0091 0.0087
Textiles 0.0217 0.0108
Paper products 0.0263 0.0101
Printing 0.0141 0.0096
Minerals and basic metals 0.0276 0.0156
Metal products 0.0178 0.0098
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APPENDIX B. DATA ON RESEARCH AND DEVELOPMENT

The raw data on R&D expenditures come from OECD (1991). R&D surveys
were not conducted annually in all countries included in the sample over the
entire sample period, however. In the United Kingdom, for instance, surveys were
conducted only every third year until well into the 1980s. In Germany R&D data
are collected only every second year. This lack of annual data made it necessary
to interpolate about 25 percent of all the R&D expenditure data.

The construction of the technology stock variable, n, is based on data on total
business enterprise intramural expenditures on R&D for isic sector 382 (nonelec-
tronic machinery), in constant 1985 U.S. dollars, with OECD purchasing power
parity rates used for conversion. The OECD code for this series is BERD (see table
9B of OECD 1991). I use the perpetual inventory method to construct technology
stocks, assuming that

nv= (1 - 8)n,t-, + X,-, 'Vv, t = 2,..,,22
and

n-l Xvi

The rate of depreciation, 8 is set at 0.05; gf is the average annual growth rate of
n over the period 1970-89 (the year endpoints for which data are available for
all countries). Preliminary analysis using other values for the rate of depreciation,
such as 0 or 0.1, shows that the rate of depreciation does not influence the esti-
mation results significantly. The denominator in the calculation of n1 is increased
by 0.1 in order to obtain positive estimates of n, throughout.

APPENDIX C. DATA ON LABOR, PHYSICAL CAPITAL, AND GROSS PRODUCTION

The OECD (1994) STAN database is the basic source for labor, physical capital,
and gross production. It provides internationally comparable data on industrial
activity by sector, including data on labor input, labor compensation, invest-
ment, production, and gross production for up to 49 three-digit ISIC industries
(revision 2). STAN data are OECD estimates based on data submitted by OECD
member countries. The OECD has tried to ensure international comparability (see
OECD 1994).

In constructing the TFP variable, F, I consider only inputs of labor and physical
capital (there are no data on human capital by industry). Data on labor inputs, 1,
are taken directly from the STAN database (number of workers employed). This
includes employees as well as the self-employed, owner proprietors, and unpaid
family workers. Data on physical capital stocks are not available in that data-
base, but data on gross fixed capital formation in current prices are. I first con-
vert the investment flows into constant 1985 prices, using output deflators (in-
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vestment good deflators were not available). The output deflators are derived
from figures on value added in both current and constant 1985 prices, both of
which are included in the STAN database. The capital stocks are then estimated
using the perpetual inventory method. Suppressing the industry subscripts,

= (1- 6)k,- 1 +inv,- 1,Vv,t = 2..,,22

and

k~,1 = " nv. 1 VV

where inv is gross fixed capital formation in constant prices (land, buildings,
machinery and equipment); gnv is the average annual growth rate of inv over the
period 1970-91; and 6 is the rate of depreciation of capital. I use the following
country-specific depreciation rates, taken from Jorgenson and Landau (1993):
Canada, 8.51 percent; France, 17.39 percent; Germany, 17.4 percent; Italy, 11.9
percent; Japan, 6.6 percent; Sweden, 7.7 percent; the United Kingdom, 8.19 per-
cent; and the United States, 13.31 percent. These figures, which are used through-
out, are estimates for machinery in manufacturing in 1980.

According to equation 1, otxt is the share of the labor cost in production. Fol-
lowing the approach suggested by Hall (1990), the values of ccj, are not calcu-
lated as the ratio of total labor compensation to value added (the revenue-based
factor shares), both of which are included in the STAN database. Rather, using the
framework of the integrated capital taxation model of King and Fullerton (see
Jorgenson 1993, Fullerton and Karayannis 1993, and data provided in Jorgenson
and Landau 1993), 1 construct cost-based factor shares that are robust in the
presence of imperfect competition. The effective marginal corporate tax rate, t, is
given by the wedge between the before-tax (pk) and after-tax rate of return (p)

(C-1) T = Pk P
Pk

Here, the variable of interest is Pk, the user cost of capital. It is a function of such
factors as the statutory marginal tax rate on corporate income, available invest-
ment tax credits, and the rates of depreciation.

In the case of equity financing, the after-tax rate of return is

(C-2) p=t Tl

where t is the real interest rate and i is the rate of inflation. Jorgenson (1993)
tabulates the values for the marginal effective corporate tax rate, 'C. I use the so-
called "fixed-r" strategy ("fixed t" in my notation), where one gives as an input
a real interest rate and deduces c. In this case I use a value of 0.1 for the real
interest rate, which, together with the actual values of T, allows me, using equa-
tions (C-1) and (C-2) to infer Pk, the user cost of capital. I use Jorgenson's values



42 THE WORLD BANK ECONOMIC REVIEW, VOL. 14, NO. I

on manufacturing (the 1980 values are used for 1970-82 in my sample, the 1985
values are used for 1983-86, and 1990 values are used for 1987-91). This clearly
introduces an error. In addition, Jorgenson's values are derived from a "fixed-p"
approach, as opposed to the "fixed-r" approach employed here. Moreover, the
results depend on the real interest rate chosen. Finally, t varies by asset type, and
p is a function of the type of financing used (equity versus debt primarily). These
shortcomings in the construction of the cost-based factor shares are unavoidable
given the lack of more detailed data.

Fullerton and Karayannis (1993) present a sensitivity analysis in several di-
mensions. I have experimented myself with different values for t and found that
the basic results presented above do not depend on a particular choice for t. The
main advantage of this approach is that it uses all data on the user cost of capital
compiled in Jorgenson and Landau (1993) to arrive at a productivity index that
is robust to deviations from perfect competition.

To obtain robust wage shares, cc, I deflate the current price of labor costs, wI,
available in the STAN database (again using sectoral output deflators):

wl

wl+pkk

Labor and capital inputs together with the factor shares allow me to construct a
Thornqvist index of total inputs I,:

logt I =i -=2_Ct + _v_t-lo (V_t

+ 2 (i - ° + (1 - a vit_1)]lo(k kit

This index gives a series of growth of total factor inputs. Calculating log differ-
ences of year-to-year gross real production and taking the difference between
this figure and total input growth results in the TFP growth series. A value of
100 in 1970 is chosen for each of the 8 x 6 time series for all industries j and
countries v.

APPENDIX D. RELATIONSHIP OF MONTE CARLO EXPERIMENTS AND

AVERAGE R&D SPILLOVER REGRESSION

Consider, for simplicity, the model above with only one regressor (industry
and time subscripts are suppressed):

-=ao +f3O16(b) sW + >v
FV VJS
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Let

Ow(b) = (b) + llv(b), lb

where rll(b) is the deviation of the trade share from its expected value (partner
country by partner country) of 1/7. Then the OLS estimate of 1l(b) equals

EO ( (b) w AFv ((b-) AF + rlv (b) ASw AF)

1(b) = 2-= w v 2 ,vb.

Iv(w (b) ASw )v([6(b) + i' (b)] Sw)

If the denominator is approximated by I S. [(b)] ,Vb,v, this means that

the average of the Monte Carlo estimates, P,(b) = BXb P1 (b), equals

iB - ASw AFvA~ F
(b) b=1v ' ()Sw Fv + rl,(b) S- AF )

(b)SW v w S. v

Pi ~ ~ )v Sb )2[()

The right side of the expression can be rewritten to obtain

y - ~ AS. AFv yvASw AFv ybB=l b
X~~~~~~a(b) ~ ~ ~ =1tv b

_- t 6(b) Sw Fv Sw F, w
(D-1) P1 (b) v +

_(ASW )2 [6(b)]2 B Yvt (S) [6Y(b)]2

Because Xb=1il'(b)= 0, however, the second term in expression D-1 will
drop out, so that Pl(b) is approximately equal to the OLS estimate of projecting
AF,/F, on a(U)ASwIS2.. Clearly, how good the approximation above is

depends on how large [ASwISwI (12lv(b) 2 + 2TI(b)a(b)) is, or, more generally,

Vj([ITv(b)2 + 21w(b)G(b)) In particular, if Xk = log S,, then the average Monte

Carlo estimate will differ more from the average spillover regression than if kw =
ASw/Sw, the case presented in table 4.
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APPENDIX E. SENSITIVITY ANALYSIS

The sensitivity of the results can be examined by considering a number of
alternative specifications for both the productivity level and the growth regres-
sions. As noted above, in principle, including a fixed effect for each industry
allows consistent parameters to be estimated with OLS if the error is of the form
£Vjt = uVj + Tlt, because the correlation between error and regressor due to u>, will
be subsumed into the fixed effects. Including a separate fixed effect for every
industry leads to the following specifications, analogous to equations 8 and 9:

logFt = 8-d + E (M' log Sj,) + Evjt5 Vv, j, t
ceG7S

and

log FSjt )8 d + jPc(MVjM lg log + VV,t

CEG7S

where d1 j is dummy variable that equals 1 for the country-industry combination
vj and zero otherwise. Including a separate fixed effect for every industry raises
the number of fixed effects from 14 to 48 (6 x 8). The inclusion of more fixed
effects raises the R2 for both specifications, from 0.472 to 0.755 for the NIS and
from 0.357 to 0.746 for the is. In both specifications all of the estimated param-
eters j3 remain significantly different from zero at the 1 percent level, with the
values ranging from 4.1 percent (for the United States in the NIS) to 61.5 percent
(for France in the Is).

Inclusion of a trend (denoted year) yields

(E-1) logF/,t = ocyeart + 8V1d/V + I 3C (m"j log S'j) + 6'j, Vv, j, t
ceG7S

and

(E-2) logFV8, =cIyear, + dV + XD3c(mvjm, logSc1 ,) + E 11 ,Vv,j,t
ceG7S

The trend increases the R2 slightly (from 0.755 to 0.757 in the NIS and from
0.746 to 0.753 in the is). It also lowers the estimated parameters f3c in both speci-
fications-just as one would expect if there are common trends in levels. The
new estimates range from a low of 2.4 percent (for the United States in the NIS) to
a high of 44.1 percent (for France in the NIS). On average, the estimates fall by
about 15-20 percent. However, 13 of 16 estimates from the specifications given
by equations E-1 and E-2 remain significantly positive at the 5 percent level; the
highest p-value is 21.1 percent.

In the growth specifications a major concern is whether all industries share a
common growth rate. To test this, I run equations 16 and 17 including industry
fixed effects to get:
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(E-3) AF,1t =- id+ mxI3c(m4 LC ASi tj V jt
F,jt i EEG7S cscjt

and

(E-4) AFj = 8 dy + 'Y, (PCMjMc S +Ejt,Vv, j,t.
v,it icEG7S cj ct

For specification E-3, one out of six industry fixed effects is estimated to be
significantly different from zero at the 5 percent level. For specification E-4, none
of the industry fixed effects is significant. The estimated parameters I,3 are af-
fected only slightly.

Including country fixed effects in addition to the industry fixed effects leads to
the new specifications:

(E-5) A_j = RL,d + o jd + Y, PtVCUSi +EVjt, V, j t
Fvjt CEG7S Slt

and

(E-6) F = ,dv + 1 d,+ PC+Mjmcy S +Evjt, j, t.
F ijt E=G7S sct

In specification E-5, 4 out of 14 fixed effects differ significantly from zero. In
specification E-6, 3 out of 14 fixed effects are significant. These results suggest
that the evidence that growth rates differ across industries is not very strong.
Even when one includes country-by-industry fixed effects (that is, 6 x 8 = 48
fixed effects), only about 30 percent of these values are estimated to be signifi-
cantly different from zero.

Including more fixed effects does reduce the number of R&D parameters fc
that are estimated to differ significantly from zero. In the growth specification
with overall import share, for example, when country-by-industry fixed effects
are included, only the R&D stocks of Canada, Germany, the United Kingdom,
and the United States are estimated to have a significantly positive effect on pro-
ductivity (at the 10 percent level). This is to be expected in a cross-industry,
cross-country TFP growth regression that does not exploit any between-industry
variation. Overall, this analysis suggests that the results presented in the text are
fairly robust.
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Foreign Investment and Productivity Growth
in Czech Enterprises

Simeon Djankov and Bernard Hoekman

This article uses firm-level data for the Czech Republic to show that during 1992-96
foreign investment had the predicted positive impact on total factor productivity growth
of recipient firms. This result is robust to corrections for the sample bias that arises
because foreign companies tend to invest in firms whose initial productivity is above
average. Together, joint ventures and foreign direct investment appear to have a nega-
tive spillover effect on firms that do not have foreign partnerships. However, with for-
eign direct investment alone, the magnitude of the spillover becomes much smaller and
loses significance. This result, in conjunction with the fact that joint ventures and for-
eign direct investment account for a significant share of total output in many industries,
suggests that further research is required to determine the extent of knowledge diffusion
from firms that have foreign links to those that do not.

There is a rich case-study literature documenting how firms and industries adopt
new technology and knowledge. It points out that imports and openness to trade
are vital to learning, which is achieved through reverse-engineering, direct inputs
into production, and communication with foreign partners (suppliers and buy-
ers). A number of recent studies that use aggregate data conclude that trading
with countries that are relatively intensive in research and development (R&D)

leads to higher productivity growth in domestic industry (Coe and Helpman 1995
and Coe, Helpman, and Hoffmaister 1997). These findings are consistent with
the endogenous growth literature, although they do not reveal much about how
technologies are transferred from one country to another.

The microeconomic literature emphasizes three channels through which tech-
nologies are transferred internationally: imports of new capital and differenti-
ated intermediate goods (Feenstra, Markusen, and Zeile 1992 and Grossman
and Helpman 1995), learning by exporting (Clerides, Lach, and Tybout 1998),
and foreign investment (Blomstrom and Kokko 1997). Particular attention has
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centered on the role of foreign investment as a channel for the transfer of knowl-
edge and on the spillover of this knowledge to other firms in the economy.1 For-
eign investment should be associated with the transfer of knowledge because, by
definition, it is driven by intangible assets owned by the parent firm (Markusen
1995). The conventional wisdom holds that foreign investment is a major chan-
nel for technology transfer to developing countries. Pack and Saggi (1997) note
that transactions in royalties and license fees between parent firms and subsidiar-
ies account for more than 80 percent of global flows of foreign investment.

What matters for economic growth are the spillovers to other firms within and
across industries. Evidence on this issue is much less robust. Case studies have
argued that positive spillovers are significant. They also have documented the
importance of local skills and in-house technological capacity for adapting and
using techniques developed elsewhere (Lall 1992 and Evenson and Westphal 1995).
However, recent microeconometric studies using firm-level panel data have reached
more ambiguous conclusions. Some analysts have found a statistically significant
negative relationship between the value of foreign investment in an industry or
economy and the productivity of domestic firms (see, for example, Harrison 1996
and Haddad and Harrison 1993).

This article investigates how foreign investment affected the productivity of
firms in the Czech Republic during the initial post-reform period (1992-96). We
distinguish between Czech firms that established partnerships with foreign firms-
either through joint ventures or through direct sales of a majority equity stake-
and those that did not and ask whether the total factor productivity (TFP) growth
rates of these groups differed.2

I. CHANNELS OF TECHNOLOGY TRANSFER

Although there is little doubt that technologies make their way across interna-
tional borders, the mechanisms through which this occurs are poorly understood.
Aside from case studies, most of the empirical evidence is based on aggregate
data or cross-sectional surveys and is subject to multiple interpretations. Tech-
nologies may be transferred through several channels. New technologies may be
embodied in new varieties of differentiated products or capital goods and equip-
ment. They may be transferred through imports or through arm's-length trade in
intellectual property, such as licensing contracts. Firms may learn about new
technologies by exporting to knowledgeable buyers who share product designs

1. A separate but related literature on technology diffusion has focused largely on two issues: the
determinants of the number of firms or the proportion of industry output produced by a new technology
(aggregate diffusion) and the determinants of the time at which a firm adopts a new technology relative to
other firms (the so-called duration models). See, for example, Ray (1964) and Karshenas and Stoneman
(1994). We cannot analyze the types of questions asked in the diffusion literature because we cannot
identify specific technologies in our data set.

2. TFP is an indirect measure of technology transfer. Data constraints prevent us from using more direct
measures, such as investment in R&D or the turnover of managers and highly skilled labor.
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and production techniques. Technologies also may be transferred in the context
of formal cooperative arrangements between foreign and local firms, such as
foreign direct investment (FDI) (acquisition) or project-specific joint ventures.3 In
all of these cases absorbing and adapting new technologies require workers who
have appropriate training and expertise. The absence of such capacity is often
held to explain why TFP frequently is lower in developing-country firms than in
industrial-country firms, even if both use identical equipment (Pack 1987).

It is helpful to differentiate between technology transfers that are made in the
context of formal cooperative arrangements between a foreign and a domestic
firm and those that occur at arm's length. The latter, which include arm's-length
trade in machinery and components and direct purchases of knowledge (pay-
ment for patents, blueprints, and so on), can be a major avenue of technology
transfer. However, not all technologies are available at arm's length. Some may
be obtainable only through formal cooperation-either majority ownership (ac-
quisition) or project-specific joint ventures.4 In theory, firms will be adverse to
unbundling and selling knowledge or products if there are important incentives
for internalization-in this case FDI may be the preferred channel for acquiring
knowledge (Markusen 1995, 1998).

Foreign investment is likely to be associated with the transfer of both hard
(machinery, blueprints) and soft (management, information) technologies. It has
two dimensions: generic knowledge, such as management skills and quality sys-
tems, and specific knowledge, which cannot be obtained at arm's length because
of weaknesses in the receiving country's policy environment (such as poor en-
forcement of intellectual property rights) or because of incentives for internaliza-
tion.5 As for generic knowledge, foreign partners may reduce the cost of learning
and upgrading by helping to identify and implement systems to ensure that the
product meets technical specifications, is delivered on time, and so on. Our inter-
views with managers of enterprises that have foreign partnerships suggest that all
of these dimensions are prevalent in the Czech Republic. Still more important is
access to information specific to the parent firm, as well as production and distri-
bution networks.

An important question is whether and the extent to which knowledge that
multinationals transfer to affiliates diffuses to other firms in the industry.6 Theo-
retical models of foreign investment suggest that there should be a positive rela-

3. See for example, Helleiner (1973) and Keesing and Lall (1992) on subcontracting; Feenstra, Markusen,
and Zeile (1992) on imports of inputs; Blomstrom and Kokko (1997) for a recent survey of the literature
on FDI; and Pack and Saggi (1997) for a general survey of the literature on technology transfer.

4. Notions of arm's-length exchange used in the literature vary. For example, Pack and Saggi (1997)
distinguish between intrafirm exchange (FDI) and contractual exchange (licensing, joint ventures, turnkey
projects). They call contractual exchange arm's-length arrangements.

5. See Smarzynska (1998) for a recent analysis of the relationship between intellectual property protection
and FDI in transition economies.

6. Equally important may be spillovers across industries. We do not explore this issue here, although it
may be important in the context of transition.
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tionship between FDI and diffusion. Knowledge will move from firm to firm
through demonstration effects, labor turnover, or reverse-engineering. Das (1987)
models a foreign subsidiary as the price leader and domestic firms as the com-
petitive fringe. If the learning of domestic firms is proportional to the output of
the multinational firm-that is, the larger the multinational is relative to the
domestic industry, then the easier learning is-the multinational firm has an in-
centive to transfer technologies to its subsidiary since more advanced technolo-
gies raise profits. The greater output of the subsidiary then induces local firms to
learn and adopt the foreign technologies at a faster rate. Wang and Blomstrom
(1992) use a similar setup, but endogenize both the amount of technology trans-
ferred from the parent company to the subsidiary and the domestic firms' invest-
ment in learning activities. Foreign firms again transfer technologies at a higher
rate if domestic firms invest more in learning activities. Blomstrom, Kokko, and
Zejan (1994) find some empirical support for this prediction.

The empirical evidence on spillovers from foreign-owned affiliates to indig-
enous firms is mixed (Blomstrom and Kokko 1997). An extensive case-study
literature seeks to determine the size of spillovers from R&D, if any. Much of this
literature focuses on industrial countries.7 The studies on developing countries
reveal that the magnitude of potential knowledge spillovers depends on the tech-
nological capabilities of indigenous firms that would enable them to assimilate
knowledge (Pack and Westphal 1986). A unique feature of many transition econo-
mies compared to most developing countries is that their technological ability is
substantially greater. In principle, this should facilitate the adoption of new tech-
nologies and allow rapid convergence toward best practice.

Much of the econometric literature has focused on productivity measures as
proxies for measures of technology diffusion. Early studies using industry-level
data, such as Blomstrom and Persson (1983), find that foreign presence in an
industry, measured by the foreign share of industry employment, positively influ-
ences domestic labor productivity. More recent studies using firm-level data are
less supportive of the existence of spillovers. Aitken, Hanson, and Harrison (1997)
and Haddad and Harrison (1993) find that foreign investment has a negative
effect on the performance of domestically owned firms. Harrison (1996) suggests
that in imperfectly competitive markets entry by foreign investors implies that
domestic incumbents lose market share, impeding their ability to attain scale
economies. The result showing negative spillovers contrasts with the findings of
the case-study literature and may to some extent reflect the omission of impor-
tant variables, such as the level of R&D spending, expenditures on training, and
the percentage of employees with technical degrees (engineers, scientists).8

7. See Griliches (1992) for a survey of the literature on R&D spillovers and Nelson and Wolff (1997)
for a recent contribution to this literature.

8. The literature on acquiring and adopting techniologies in developing countries is substantial. See, for
example, Evenson and Westphal (1995), Lall (1987, 1992), and Pack and Westphal (1986). Westphal,
Rhee, and Pursell (1981) discuss the case of the Republic of Korea in some depth.
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In this article we estimate production functions using TFP as a proxy for tech-
nology transfer. By relying on TFP as the dependent variable, we assume that the
adoption of new technologies will, with some lag, improve productivity. A seri-
ous problem with this assumption is that, as the case-study literature has docu-
mented, such improvements depend on the technological abilities of domestic
firms. Nelson and Pack (1998) demonstrate that the production function meth-
odology can underestimate or ignore the use of improved technologies at the
level of the firm and thus affect estimates of TFP growth. Differences in techno-
logical capacity across firms in an industry may be an important determinant of
TFP, but we do not have this information-data on variables relevant to technol-
ogy, such as R&D expenditures or the composition of the workforce, are not
available at the level of the firm. However, the Czech Republic is not a develop-
ing country-it has a long-standing industrial base and is well endowed with
engineering and scientific human capital. For the economy as whole, therefore,
the capacity to upgrade productive efficiency rapidly by adopting best-practice
techniques (both hard and soft) should be considerable.

II. A PROFILE OF CZECH FIRMS

We compiled information on Czech enterprises for 1992-96 from surveys us-
ing a questionnaire that we prepared and a database developed by the Czech
Statistical Office containing financial and ownership information. We defined
financial variables using international accounting standards from the onset of
the survey in 1992. The database comprises 513 firms quoted on the Prague
stock exchange whose shares traded at least four times in a given year (this re-
striction excludes smaller firms from the sample) and that reported the financial
information required. Of the sample firms, 340 did not establish joint ventures
or attract FDI, 91 concluded joint ventures with foreign companies, and 82 at-
tracted majority foreign equity investment. Thus 34 percent of the sample (173
firms) had a foreign link-either a joint venture or FDI-with relatively uniform
distribution across sectors (table 1). There is a selection bias in the data, as the
sample does not cover all listed firms with foreign ownership or partnerships.
Moreover, privately held firms are not included in the sample. For example, the
largest foreign acquisition in the Czech Republic to date-the takeover of Skoda
by Volkswagen-is not publicly traded.

To determine whether or not a firm had a foreign partnership or foreign own-
ership, we chose as our criterion that at least 20 percent of the equity had to be
owned by a single foreign entity or the firm had to have established one or more
joint ventures with a foreign partner. Because minority shareholders have little
protection under Czech law, equity investors have an incentive to take a majority
stake. Most firms with foreign equity ownership in the sample are majority
foreign-owned. Although the share of firms with foreign links appears to be high,
it is representative of Czech industry more generally. Aggregate statistics using a
criterion of 5 percent or more foreign equity ownership reveal that during 1994-
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Table 1. Descriptive Statistics of Sample Firms, 1992-96
Foreign partner
(foreign direct

Total No foreign investment or joint
Sector in sample partner venture)

Mining 11 8 3
Construction 82 55 27
Food and beverage 54 36 18
Textiles and apparel 39 28 11
Furniture and other wood products 11 5 6
Pulp and paper 14 10 4
Printing and publishing 13 6 7
Chemicals 30 18 12
Shoes and leather products 6 5 1
Nonmetallic mineral products 21 16 5
Basic metals 13 9 4
Fabricated metal products 24 12 12
Electric and electronics 82 54 28
Transport equipment 12 5 7
Other manufacturing 10 6 4
Retail services 15 11 4
Financial services 76 56 20

Number of observations 513 340 173
Share in total (percent) 100.0 66.3 33.7

Source: Authors' survey.

97, 42 percent of all manufacturing firms with more than 10 employees were
involved in some kind of foreign partnership (Czech Statistical Office 1998).

Firms with foreign partnerships tend to be significantly larger than firms that
remain independent: the median number of employees is 689 in FDI firms, 578 in
firms with joint ventures, and 352 in firms without foreign links. Foreign affili-
ates or joint ventures also have higher initial labor productivity, measured as
sales per worker in 1991 (figure 1). This suggests that foreign investors are at-
tracted to firms with above-average performance and size.

Firms with FDi also have the highest average TFP growth of the three groups,
followed by firms with joint ventures and then domestic enterprises (figure 2).
This ordering may reflect the fact that the initial productivity of firms that attract
foreign investment is better than average, implying that foreign investors choose
the best firms as partners. In our statistical analysis we therefore correct for the
possibility of selection bias. TFP growth rates are highest in earlier years and taper
off toward the end of the sample period, reflecting a marked deterioration in
macroeconomic conditions in 1996, a common effect for all firms. TFP growth
rates initially diverge substantially; growth rates rise in firms with foreign invest-
ment and fall in others. Thereafter, some convergence occurs, suggesting that
spillover effects may be in play toward the end of the period.

Our questionnaires reveal that both joint ventures and FDI are associated with
technology transfers. A questionnaire sent to the sample firms in early 1997 in-
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Figure 1. Initial Labor Productivity, 1991
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Source: Authors' survey.

cluded two questions related to training and acquisition of new technologies (fig-
ure 3). Managerial responses clearly reveal what appears to be a significant dif-
ference between firms with and without foreign partnerships. The questionnaire
first asked managers whether their workers had undergone any training in the
past two years. Managers were given discrete choices: yes or no. In firms without
foreign partners only 18 percent replied positively, while 42 and 62 percent of
managers whose firms were involved in joint ventures or FDI, respectively, an-
swered positively. The second question asked whether the firm had obtained new
technologies (machinery, equipment) or related knowledge in the previous two
years. Again, the response was similar. In more than 70 percent of the FDI firms

Figure 2. Total Factor Productivity Growth, 1992-96
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Figure 3. Training and Acquisition of New Technologies, 1997
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and 50 percent of the joint ventures the partner had acquired some kind of new
technology, as opposed to only 35 percent of firms without foreign links. The
relative difference between the two sets of firms is greater for the training vari-
able (software) than for the technology variable (hardware).

III. THE ESTIMATION PROCEDURE

We estimate production functions for the firms included in the sample. Each
firm i has a production function for gross output:

(1) Yi = Fi(Ki, Li, Mj)

where Y is gross output, and K, L, and M are inputs of capital, labor, and mate-
rials. The firm's production function F is homogeneous of degree g (g •1) in K, L,
and M. Firms are assumed to be price takers on factor markets, but they may
have market power in output markets. The assumption that firms are price tak-
ers is reasonable since most wages were set centrally during the sample period,
and most materials were bought abroad at world market prices.

The production function in equation 1 implies the following relation between
marginal physical products and outputs:9

(2) FLLZ + F0M1 +FkKi =gKY2

where Fj is the marginal product of input J. The optimal choice of inputs by a
firm with some monopoly power implies:

(3) PiFng t s tiPJi

9. We are grateful to a referee for suggesting the specific formulation used below.
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where PJ, is the price of factor J, Pi is the price of the firm's output, and gI is the
markup of price over marginal cost: Ri = Pi/MCj, where MCi is marginal cost.
Combining equations 2 and 3, we obtain:

(4) sLi + SMi + SKi g7,1i

where sji = Pji J/PiYi are expenditures on each factor Ji relative to total enterprise
revenues. Since firms do not necessarily produce under constant returns to scale,
the sum of these shares is not always unity. Using equation 4, the revenue share
of capital can be defined as:

(5) SKi = 1- SLi - SMi = Ski + (1- gig1 i).

The productivity equation can then be derived from equation 1 as

(6) dyi = ti(sLidl; + sK,dk + SMidm) + Ri (SKi - sK)dki + T dtj

where dy1 is output growth and (FST, /F9)dt2 measures the technology change or
TFP growth not accounted for by the increase in input use. The second term on
the right side can be simplified to (gj - !j)dkj using equation 5.

We estimate equation 6 in log-differences, using actual enterprise-level data to
construct the first right-side term. There are two terms to estimate for each in-
dustry, gi and gi, the scale and markup parameters, in addition to the TFP param-
eter for each enterprise. We use the reported book value of fixed assets to con-
struct the share of capital revenue.

To correct for the likelihood that foreign investment choices are not randomly
distributed, we use the generalized Heckman two-step procedure for correcting
sample selection bias as developed by Amemiya (1984). This procedure involves
separately estimating the foreign investment decision and the firm's subsequent
productivity growth. The first step uses a probit model to determine the prob-
ability of foreign investment based on initial efficiency (proxied by the share of
variable costs in total revenue), firm size, and type of industry. The second step
involves estimating productivity using only observations on firms with foreign
links. Because this would generate omitted variable bias, the Amemiya procedure
provides a specification of the omitted variable that can be used in the full sample
to alleviate sample selection. This additional variable estimated in the first step is
then included as a regressor in the second step.

Since the primary focus of this article is to test for an association between
productivity growth and foreign investment, we augment equation 6 by includ-
ing dummies for firms with foreign partners as additional factors of production.
The dummies (FDI, JV) take the value of 1 if a firm had either FDI or a joint
venture in the preceding year and 0 otherwise. This approach is similar to the
empirical design that Harrison (1994) uses. We also have to control for the ef-
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fects of other changes in the economic environment, but we do not have good
proxies for these changes, nor can we account for each of them individually.
Instead, we include annual dummies in the estimating equation. These pick up
the net effects of changes in the aggregate economy.

We also are interested in determining whether there have been any spillover
effects from foreign investment. To do so, we run equation 6 on domestic firms
only and include as an additional independent variable (called SPILLOVER) the
ratio of the assets of firms with FDI or joint ventures to the assets of all firms in
each sector. If foreign participation has beneficial spillover effects, we would
expect the coefficient to be positive. We also run an alternative specification,
grouping joint ventures together with local firms. We then estimate the spillover
effects that FDI firms have on the larger group.

Because of the probable correlation between productivity and the independent
variables, ordinary least squares (OLS) may give biased and inconsistent estimates.
This simultaneity problem is endemic to the empirical literature on measuring
productivity. We address this issue first by using F-tests to reveal whether or not
OLS is appropriate. Then, if OLS is inappropriate, we use the Hausman specifica-
tion test to choose between random- or fixed-effects frameworks.

These two tests suggest that a random-effects model is most appropriate. A
fixed-effects estimation assumes that firm productivity growth is constant over
time. The problem with this assumption is that we want to examine changes in
productivity arising from increased competition. The random-effects model avoids
this assumption, but it assumes that productivity shocks at the firm level are
uncorrelated over time. This restriction may not be reasonable if there is conver-
gence or divergence in corporate performance. Estimates for the major coeffi-
cients or variables of interest are reported in table 2.

IV. RESULTS

We estimate equation 6 using both an OLS and a random-effects specification
(table 3). The estimated coefficient on the dummy for FDI is positive and statisti-
cally significant for both specifications, suggesting that, as predicted, foreign in-
vestment involves an additional transfer of technology. The dummy for joint
ventures also has a positive sign, but it is slightly smaller in magnitude and is not
statistically significant.

We consider the possibility that foreign investment will have a positive spillover
effect by including the share of assets of firms with foreign partners in total assets
(lagged one year) as a separate regressor. This is a continuous, not a categorical,
variable. This approach assumes that spillovers are sector-specific and therefore
ignores possible spillovers between industries. Contrary to what is predicted,
spillovers are negative: greater foreign participation in an industry has a statisti-
cally significant negative effect on the performance of other firms (table 4). Each
10 percent increase in the share of foreign assets is associated with a 1.7 percent
fall in sales growth of domestic firms.
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Table 2. Revenue Shares of Inputs, Markup, and Scale Estimates, 1992-96
Share of Share

Revenue share of Scale foreign of FDI

Sector Materials Labor Capital Markup estimates assets assets

Mining 0.538 0.215 0.246 1.246 1.200 0.398 0.124
Construction 0.720 0.169 0.111 1.137 1.088 0.432 0.325
Food and beverage 0.629 0.206 0.165 1.388 1.264 0.635 0.311
Textiles and apparel 0.677 0.180 0.142 1.284 1.132 0.294 0.182
Furniture and other

wood products 0.743 0.145 0.110 1.152 1.001 0.542 0.261
Pulp and paper 0.791 0.129 0.079 1.211 1.113 0.715 0.521
Printing and publishing 0.730 0.136 0.133 0.889 0.992 0.885 0.605
Chemicals 0.757 0.151 0.091 1.201 1.163 0.547 0.281
Shoes and leather

products 0.612 0.224 0.162 1.182 1.119 0.128 0.000
Nonmetallic mineral

products 0.615 0.191 0.193 0.958 0.996 0.408 0.241
Basic metals 0.702 0.155 0.142 1.211 0.880 0.367 0.134
Fabricated metal

products 0.733 0.121 0.145 1.192 1.100 0.785 0.191
Electric and electronics 0.657 0.191 0.151 1.201 1.039 0.356 0.110
Transport equipment 0.687 0.117 0.195 1.272 1.070 0.428 0.127
Other manufacturing 0.594 0.171 0.233 n.a. n.a. 0.524 0.229
Retail services 0.257 0.453 0.289 1.352 1.198 0.402 0.221
Financial services 0.190 0.609 0.200 1.079 1.324 0.368 0.141

Average 0.625 0.209 0.164 1.184 1.104 0.483 0.191

n.a. Not applicable.
Source: Authors' calculations.

Table 3. Panel Regression Estimates (Full Sample)
Ordinary least Random-effects

Dependent variable: Growth in sales squares estimation estimation

Amemiya selection bias correction variable Yes Yes
Sector-specific returns to scale and markups Yes Yes
Foreign direct investment dummy 0.015"* 0.015X'

(2.011) (1.937)
Joint venture dummy 0.011 0.010

(1.372) (1.286)
Dummy for 1994 -0.012* -0.011

(-1.873) (-1.672)
Dummy for 1995 -0.052** -0.052**

(-7.034) (-6.942)
Dummy for 1996 -0.054** -0.053**

(-7.062) (-7.534)
Number of observations 513 513
F-test (A, B = A, B) 0.89
Hausman test (random versus fixed effects)a 25.66 [30.19]
Adjusted R2 0.894 0.861

Significant at the 10 percent level.
3 Significant at the 5 percent level.

Note: Heteroskedasticity consistent (White correction); t-statistics are in parentheses. A constant
term is included in both regressions.

a. Cutoff point is in square brackets.
Source: Authors' calculations.



60 THE WORLD BANK ECONOMIC REVIEW, VOL. 14, NO. 1

It has been argued that spillovers from joint ventures should be greater than
those from FDI (establishment of majority-owned affiliates), since the foreign part-
ner has less ability to control the behavior of the domestic partner, and the do-
mestic partner has a greater incentive to pursue R&D itself (see, for example,
Pack and Saggi 1997). In contrast, internalization through FDI should be better
able to limit technology leakage. If this is indeed the case, then excluding joint
ventures from the SPILLOVER measure of the share of foreign ownership and
reestimating the equation should increase the magnitude of the negative spillovers.
The evidence, however, does not support this argument (table 5). Instead, the
magnitude of the spillover effect becomes smaller and statistically insignificant,
although it remains negative. Thus excluding joint ventures has an offsetting
effect. In part this reflects the fact that joint ventures have higher TFP growth than
firms without foreign partnerships, which raises the average of the group with-
out FDI. This finding illustrates that the initial result of negative spillovers may
not be robust. Tests for spillovers with the methodology used here (and in the
literature more generally) require some assurance that in distinguishing between
two subsets of firms in an industry on the basis of whether or not there is major-
ity foreign ownership (or more generally foreign links of some kind) one is not
ignoring other important determinants of firm performance.

One such determinant likely to be important is firms' investment in improving
their technology. The survey questionnaire reveals that joint ventures invested sig-
nificantly more in training and new technologies than purely domestic firms. The
technological ability and effort that many of the firms without foreign partners

Table 4. Spillover Effects (Firms without Foreign Links)
Ordinary least Random-effects

Dependent variable: Growth in sales squares estimation estimation

Amemiya selection bias correction variable Yes Yes
Sector-specific returns to scale and markups Yes Yes
Spillovers (share of assets of firms with joint

ventures and foreign direct investment) -0.178** -0.172**
(3.125) (2.054)

Dummy for 1994 0.002 0.002
(0.215) (0.178)

Dummy for 1995 -0.038** -0.037**
(-4.201) (-3.934)

Dummy for 1996 -0.036** -0.03S**
(-3.534) (-3.642)

Observations 340 340
F-test 0.92
Hausman test (random versus fixed effects)' 4.57 [14:45]
Adjusted R2 0.887 0.843

* Significant at the 10 percent level.
* * Significant at the 5 percent level.
Note: Heteroskedasticity consistent (White correction); t-statistics are in parentheses. A constant

term is included in both regressions.
a. Cutoff point is in square brackets.
Source: Authors' calculations.
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Table 5. Testing for Spillover Effects (Firms without Foreign
Direct Investment)

Ordinary least Random-effects
Dependent variable: Growth in sales squares estimation estimation

Amemiya selection bias correction variable Yes Yes
Sector-specific returns to scale and markups Yes Yes
Spillovers (share of assets of foreign affiliates in total

assets of the sector) -0.077 -0.074
(1.425) (1.218)

Dummy for 1994 0.003 0.002
(0.897) (0.178)

Dummy for 1995 -0.032** -0.031**
(-2.985) (-2.257)

Dummy for 1996 -0.027* -0.025
(-1.847) (-1.514)

Observations 431 431
F-test 0.91
Hausman test (random versus fixed effects)a 4.13 [14.45]
Adjusted R2 0.894 0.857

* Significant at the 10 percent level.
* Significant at the 5 percent level.

Note: Heteroskedasticity consistent (White correction); t-statistics are in parentheses. A constant
term is included in both regressions.

a. Cutoff point is in square brackets.
Source: Authors' calculations.

expend may be too low to absorb spillovers when they occur, or the firms with
foreign links may have absorbed a significant share of the available stock of labor
with requisite skills. Also, given that FDI and joint ventures together account for a
significant share of total assets, sales, and employment in the Czech Republic, the
potential for positive spillovers may be significant among firms with foreign part-
nerships, such as from FDI firms to joint ventures and among joint ventures. This
suggests that, if domestic firms were excluded from the sample, FDI would have a
positive effect on firms with joint ventures. But the effect is not statistically signifi-
cant (the t-statistic is 1.42, possibly reflecting the small sample size).

Finally, account also should be taken of the short time frame on which the
study is focused. Spillovers may require more time to affect TFP growth rates.
And, as mentioned, absorbing new techniques requires significant in-house tech-
nological effort, which may not be captured adequately by the production func-
tion methodology used. Clearly, further research is required.

V. CONCLUDING REMARKS

Firm-level data for the Czech Republic during 1992-96 suggest that foreign
investment has the predicted positive impact on TFP growth of recipient firms.
This result is robust to corrections for the sample selection bias that arises be-
cause foreign companies tend to invest in firms with above-average productivity.
It is not surprising that foreign investment raises TFP growth (with a lag), given
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that foreign investors transfer new technologies and knowledge to partner firms.
FDI appears to have a greater impact on TFP growth than do joint ventures, sug-
gesting that parent firms are transferring more knowledge (soft or hard) to affili-
ates than joint venture firms obtain from their partners.

Taken together, joint ventures and FDI appear to have a negative spillover
effect on firms that do not have foreign partnerships. This effect is relatively large
and statistically significant, and it cuts across industries. However, if we restrict
attention to the impact of foreign-owned affiliates (FDI) on all other firms in an
industry, the magnitude of the negative effect becomes much smaller and loses
statistical significance. This result, in conjunction with the fact that joint ven-
tures and FDI together account for a significant share of total output in many
industries in the sample, suggests that further research is required to determine
the extent to which knowledge diffuses from firms that have strong links to for-
eign firms to firms that do not have such relationships. Particularly important in
this connection is exploring the extent of spillovers among joint ventures and
between foreign affiliates and joint ventures. Insofar as joint ventures invest more
in technological capacity (as is suggested by their training efforts), we would
expect them to be better able to absorb and benefit from the diffusion of knowl-
edge. The absence of such capacity may underlie the observed negative spillover
effect. Longer time series and collection of data that measure firms' in-house
technological efforts would help to identify the magnitude and determinants of
technological spillovers.

Further analysis of the performance of Czech firms is necessary to see whether
our results hold up for a larger sample of firms and in more recent years. Such
data are being collected at the World Bank as part of a research project on knowl-
edge transfer, and more robust results will emerge in the future.
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Productivity and Turnover in the Export Market:
Micro-level Evidence from the Republic of Korea

and Taiwan (China)

Bee Yan Aw, Sukkyun Chung, and Mark J. Roberts

Widespread empirical evidence indicates that exporting producers have higher produc-
tivity than nonexporters, although the reasons why are unclear. Some analysts argue
that exporters acquire knowledge of new production methods, inputs, and product
designs from their international contacts, and with this knowledge they achieve higher
productivity than their more insulated domestic counterparts. Others argue that the
higher productivity of exporters reflects the self-selection of more efficient producers
into a highly competitive export market. This article analyzes the link between a producer's
total factor productivity and its decision to participate in the export market, using manu-
facturing data from the Republic of Korea and Taiwan (China).

Differences are found between these two economies in the importance of selection and
learning. In Taiwan (China) transitions of plants into and out of the export market
reflect systematic variations in productivity as predicted by self-selection models. In
Korea there are no significant changes in productivity following entry or exit from the
export market that are consistent with learning from exporting. A comparison of the
two economies suggests that in Korea factors other than production efficiency are more
prominent determinants of the export decision.

Over the past three decades the Republic of Korea and Taiwan (China) have
achieved high and sustained rates of growth in output and income. Although
high savings rates and substantial investments in new capital equipment have
contributed to their success, it is impossible to ignore the role of the export mar-
ket. At a minimum, the ability to export has allowed manufacturers to specialize
in a range of products and to increase their output levels far beyond what the size
of their domestic market could support. Some economists attribute the success of
these economies to the role of exports in serving as a conduit for technology
transfer from abroad and in generating technological spillovers to the rest of the
economy. Case studies and empirical evidence show that exporting firms or plants
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are more efficient than their counterparts that sell primarily in the domestic mar-
ket. This belief that export activity generates cumulative productivity benefits is
often cited as an argument for the active promotion of exports in many develop-
ing countries.

The empirical finding that exporters are more productive than nonexporters is
widespread and robust, but only two recent papers have addressed the more
complex issue of whether exports play a causal role in generating higher produc-
tivity. Clerides, Lach, and Tybout (1998) examine this issue using manufactur-
ing data for Colombia, Mexico, and Morocco. Bernard and Jensen (1999) focus
on manufacturers in the United States. Both articles examine two alternative
explanations linking productivity and exporting. The first explanation holds that
exporters learn from their contacts in the export market, and as a result they
adopt better production methods and achieve higher productivity. The second
says that the higher productivity of exporting firms may reflect the self-selection
of more efficient producers into a highly competitive export market. Both studies
find that the self-selection of more efficient producers into the export market is
an important part of the story and that there is little evidence of efficiency gains
that could reflect the learning that accrues from exporting.

In this article we study the link between a producer's total factor productivity
(TFP) and its choice to participate in the export market, using micro-data col-
lected in manufacturing censuses in Korea and Taiwan (China). We specifically
focus on the relationship between productivity and the movement of producers
into and out of the export market. Productivity differences between producers
with different transition patterns, rather than just different exporting status, are
crucial to separating the selection and learning explanations. If differences in
productivity predate a producer's movement into or out of the export market so
that nonexporters with high productivity tend to enter whereas low-productivity
exporters tend to exit, then self-selection forces are at work. In contrast, if differ-
ences in productivity follow a producer's transition into or out of the export
market, then learning-by-doing forces are at work. Producers that enter the ex-
port market should subsequently have greater productivity changes than produc-
ers who do not enter. Likewise, producers that exit the export market should
begin to lag behind their counterparts that remain in.

I. THE RELATIONSHIP BETWEEN PRODUCTIVITY AND EXPORTING

A large body of empirical evidence demonstrates that firms that participate in
the export market perform better than other firms in terms of productivity, size,
length of survival, and wages paid.' The literature proposes that at least two

1. Several papers examine the export-productivity relationship at the micro-level (see Aw and Hwang
1995; Aw and Batra 1998; Chen and Tang 1987; Haddad 1993; Handoussa, Nishimizu, and Page 1986; and
Tybout andWestbrook 1995). Aw and Batra (1999) and Beriiard andJensen (1995) examiine the relationships
among exports, firm size, and wages. Richardson and Rindal (1995, 1996) summarize the empirical evidence
for a wide range of firm characteristics that are correlated with the exporting activity.
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mechanisms explain the positive correlation between exporting and productiv-
ity. First, the correlation may simply reflect the fact that only the most produc-
tive firms survive in the highly competitive export market. If the fixed costs of
selling are higher in the export market than in the domestic market or if output
prices are lower, only firms with high productivity will find it profitable to enter
the export market in the first place. Exporters whose productivity declines will
be forced to exit. We refer to this as the self-selection hypothesis.

Second, the correlation may reflect productivity improvements that result from
knowledge and expertise that the firm gains as a direct result of its experience in
the export market. Some analysts argue that firms that participate in the export
market gain access to technical expertise from their buyers, including both new
product designs and production methods, that nonexporters do not have. This
phenomenon of learning by exporting may be particularly relevant for countries
in East Asia.2

Both mechanisms are plausible, but their actual importance most likely varies
across countries and industries. Different rates of product and process innova-
tion alter the possibilities for learning and the nature of trade policy, which can
affect the strength of market selection forces. Clerides, Lach, and Tybout (1998)
and Bernard and Jensen (1999) find clear evidence of the importance of self-
selection among exporters in the 1980s. Firms that become exporters perform
more efficiently prior to entry than their nonexporting counterparts. In addi-
tion, both studies find little evidence of efficiency gains that could reflect learning
by exporting. Clerides, Lach, and Tybout find that a producer's exporting his-
tory does not significantly alter current production costs. Bernard and Jensen
find that future productivity growth is not significantly higher for plants that
currently export. They do find that employment growth and the probability of
survival are higher for exporting plants. This pattern can reflect the same under-
lying differences in efficiency that lead to self-selection into the export market
and does not necessarily reflect improvements that follow as a result of exporting
experience. Overall, the evidence weighs heavily on self-selection of the more
efficient firms into the export market as the main source of the productivity
differences between exporters and nonexporters.

Theoretical Framework

Several recent theoretical models of industry dynamics explain the divergent
paths of growth and failure that characterize micro-data on individual produc-
ers. All of these models begin with the assumption that producers within the
same industry differ in their productive efficiency and are subject to idiosyncratic
shocks or uncertainty. Differences in the evolution of their productivity over time,
in turn, lead producers to make different decisions regarding entry, growth, and
exit. The source of uncertainty differs across models. Jovanovic (1982) empha-

2. See Evenson and Westphal (1995); Grossman and Helpman (1991); Rhee, Ross-Larson, and Pursell
(1984); and World Bank (1993) for discussions and evidence on the role of buyers in providing technical
expertise.
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sizes firms' uncertainty about their own productivity levels, Lambson (1991) fo-
cuses on uncertain future market conditions, Hopenhayn (1992) emphasizes ran-
domness in productivity changes over time, and Ericson and Pakes (1995) model
uncertainty in the return to firm investments.

To organize our empirical analysis of productivity and the decision to export,
we rely on Hopenhayn's (1992) model. Although not specific to the export
market, Hopenhayn's model shows how firms with different levels of productiv-
ity make different decisions to enter, exit, or remain in a market. It allows us to
identify how self-selection will lead to differences in productivity among these
three cohorts of firms.

Hopenhayn models a market that is composed of a large number of price-
taking firms that produce a homogeneous output. Firms differ in their efficiency,
with each firm's output depending on a random productivity shock, 0, which
follows a Markov process that is independent across firms. The distribution of
future productivity is described by the distribution function F(0,+ I I 0 ), which is
assumed to be strictly decreasing in Ht. This assumption implies that, relative to a
firm with low 0, a firm with high productivity in year t has a larger probability
of having high productivity in year t + 1.

In each period, before the new productivity shock is observed, incumbent firms
may choose to exit the market or to remain in the market and pay a fixed cost.
Following that decision, they observe their productivity shock and choose their
output level for that period. Potential entrants may choose to enter by paying a
sunk entry cost, after which they draw their initial productivity level from a
common distribution function, G(M), and choose their output level. Output
prices are determined competitively to equate demand and supply. The model
produces two key endogenous variables: the flow of entrants into the market
each period and the minimum productivity level needed for an incumbent firm
to remain in the market. This productivity level, which we denote X,, is the
lowest level of productivity that will generate positive expected profits for the
firm over future periods.

This model makes predictions about differences in the average productivity of
entering, exiting, and surviving producers. Hopenhayn demonstrates that firms
will exit the market after period t if 0, < X,. The current-period productivity, 8t,
which the firm observes, determines the likely future trajectory of productivity
through the distribution function F(0+ l I Q0). Firms with 0, < Xt expect low future
profit streams and exit after period t, while firms with 0, > X, remain in the
market. The model implies that exiting firms are concentrated among the least-
productive firms. We can test this implication empirically for the export market
by examining exporters in period t and looking for systematic differences in pro-
ductivity between the group that continues exporting in t + 1 and the group that
exits.

The model allows us to compare the productivity of a cohort of new entrants
with the productivity of cohorts of older surviving producers. The distribution
function for initial productivity, G(0), determines the productivity of the new
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entrants. The productivity of older cohorts reflects the failure of the least-
productive members over time and the random changes in the survivors' produc-
tivity over time. Hopenhayn demonstrates that if F(O , I I 8,) is strictly decreasing
in 8t, then the productivity distribution of any surviving cohort stochastically
dominates the productivity distribution of the entering cohort. We can examine
this empirically by comparing the productivity of new exporters and incumbent
exporters at a point in time.

In the formal model all firms base their entry decision only on knowledge of
the distribution of initial productivity G(0) and its evolution over time F(6,, 1I 60),
and not on information about their own productivity level. Many potential en-
trants to the export market currently produce in the domestic market and thus
have better information on their likely productivity after entry than firms with
no prior experience. Therefore, domestic producers with high productivity in
year t would be more likely to enter the export market than low-productivity
domestic producers. We can examine this empirically by focusing on firms that
initially produce only in the domestic market. We ask whether the firms that
subsequently enter the export market have higher initial productivity than those
that remain specialized in the domestic market.

Although Hopenhayn's model clarifies the important role of firm heterogene-
ity and self-selection in generating flows of firms into and out of a market, it
does not incorporate the idea that productivity may change following entry, as
described in the learning-by-exporting hypothesis. Clerides, Lach, and Tybout
(1998) include this possibility in a model of a domestic firm's decision to diver-
sify into the export market. The firm makes the decision to enter by comparing
expected future profits, which depend on the firm's current and future productiv-
ity, with the sunk costs of entry. To incorporate the effect of learning by export-
ing, Clerides, Lach, and Tybout make a firm's current productivity depend on
prior export experience.

Clerides, Lach, and Tybout include a set of simulation results that provide
useful insights into how selection and learning interact. They find that firms that
enter or remain in the export market always have higher productivity than firms
that stop exporting or that remain only in the domestic market. Firms that enter
the export market also have higher productivity prior to entry than firms that
produce only in the domestic market. Both of these patterns arise because firms
self-select into the export market based on their current productivity. Adding
learning by exporting to the framework widens the gap between the productivity
of firms that enter the export market and those that do not. We can examine this
pattern empirically by comparing the pre- and post-entry productivity differen-
tials between entrants and nonentrants.

Empirical Implications in Micro-Data from Korea and Taiwan (China)

We analyze a data set that includes information collected as part of the manu-
facturing censuses in Korea and Taiwan (China). Appendix A gives a description
of the data. In the case of Taiwan (China) observations are at the firm level for



70 THE WORLD BANK ECONOMIC REVIEW, VOL. 14, NO. I

the census years 1981, 1986, and 1991. However, for the industries we study,
between 80 and 90 percent of all Taiwanese firms are single-plant producers;
therefore, the distinction between plant and firm is not as important as it is in
many industrial countries. In the case of Korea we have plant-level observations
for the years 1983, 1988, and 1993. For simplicity we refer to the data as plant-
level for both economies, even though only firm-level information is available for
Taiwan (China).

The plant-level observations have been matched over time so that it is possible
to identify entering and exiting producers in each census year. In addition, plant-
level exports are reported for all three years in Korea and for 1986 and 1991 in
Taiwan (China).3 The data allow us to classify each producer as a nonexporter,
an entrant to the export market, an incumbent exporter, or a plant that has
exited the export market between each pair of years.

The data set contains information on output and inputs of capital, labor, and
raw materials that allows us to construct an index of TFP for each plant. Appen-
dix B gives details on the construction of the productivity index. Although we
have time observations for only three years, the fact that the censuses are taken at
five-year intervals provides an advantage over a data set with a small number of
observations for consecutive years. The longer five-year time period reduces the
importance of transitory shocks, cyclical fluctuations, and measurement errors
in our productivity comparisons. It also makes it more likely that we will observe
long-term changes in productivity than would comparisons based on data of
higher frequency.

Given our focus on the role of the export market as a source of knowledge
and productivity differentials, we restrict our attention to the five two-digit
industries that have a major export role in both Taiwan (China) and Korea-
textiles, apparel, plastics, electrical machinery and electronics, and transporta-
tion equipment. These industries have the highest export participation rates in
the manufacturing sector. (The participation rate is the share of plants that ex-
port.) In Taiwan (China) the export participation rate ranges from 26 percent in
transportation equipment to 41 percent in electrical machinery and electronics.
In Korea the participation rate ranges from 13 percent in apparel to 26 percent in
electronics. In both economies the five industries account for more than half of
total manufacturing exports in 1986 and 1988, respectively.

To separate the effects of selection and learning, Clerides, Lach, and Tybout
(1998) use plant-level panel data with a relatively long time-series component to
estimate a two-equation model consisting of the plant's decision to participate
in the export market and the plant's cost function. The micro-data for Korea
and Taiwan (China) do not have sufficient time-series observations to allow us
to use this approach. Our basic empirical strategy, which is similar to that of

3. For Taiwan (China) we observe the level of exports and domestic sales for each firm. For Korea
we have the value of plant sales and a set of categorical variables indicating whether the plant's
export-sales ratio is high (more than 0.75), moderate (0.25-0.75), low (positive but less than 0.25), or
zero.
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Bernard and Jensen (1999), is to compare the average productivity of groups of
plants that have undergone different transition patterns. As indicated by
Hopenhayn's model, self-selection implies that a plant's productivity level in
period t should be a determinant of export market participation in year t + 1.
The learning-by-exporting explanation implies that initial productivity differ-
ences between plants that select into the market and those that do not should
widen following entry or as firms accumulate more experience in the export
market. To isolate this effect, we focus on changes in the differential between
periods t and t + 1 for exporters and nonexporters.

Aside from learning by exporting, there are several explanations as to why the
productivity of exporters changes more than the productivity of nonexporters
over time. If entry into the export market allows plants to expand their output
and take advantage of economies of scale in production, then exporters will
have larger increases in productivity than nonexporters. In general, any factor
that results in positive serial correlation in the shocks to plant-level productivity
will generate this outcome. Plants experiencing positive productivity shocks are
more likely to find it profitable to enter the export market. If these positive
shocks continue over time, the productivity of exporters and nonexporters will
continue to diverge. With our data we cannot distinguish these alternative ex-
planations. However, the finding that productivity differences between export-
ers and nonexporters do not diverge following entry would be inconsistent with
any of these explanations, including learning by exporting.

To clarify the comparisons, we define four groups of plants based on their
participation in the export market in two adjoining years of data (table 1). We
make five different comparisons based on these four groups.

In section II we compare the productivity of exporters and nonexporters in
each year in order to confirm the positive cross-sectional correlation between
exporting and productivity. Then, in section III, we compare the productivity of
the four transition groups in the same year in order to see if the decision to
participate in the export market reflects plant productivity. In both the first and
second comparisons we use all producers operating in the year of interest. Thus
we include in comparisons for year t failing plants that exit production entirely
after year t, and we include in comparisons for year t + 1 new plants that enter
production after year t.

In the last three comparisons we use the subset of plants that operate in both
years so that we can compare improvements or declines in productivity with

Table 1. Definitions of Four Groups of Plants Based on Their Participation
in the Export Market

Group Plant status Year t Year t + I

1 Stay out Does not export Does not export
2 Enter Does not export Exports
3 Exit Exports Does not export
4 Stay in Exports Exports
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experience in the export market. In section IV we look at nonexporters in year t
(groups 1 and 2 in table 1) and compare productivity in years t and t + 1. If
market selection is important, the productivity of the entrants (group 2) should
exceed that of the plants that stay out of the export market (group 1) in year t.
Comparing the productivities of the two groups in year t + 1 reveals whether the
initial differential narrows, widens, or remains unchanged after group 2 has gained
some experience in the export market. If learning is important, this differential
should widen.

To determine whether or not productivity differentials persist following exit,
the fourth comparison, in section V, looks at productivity in years t and t + 1 for
groups 3 and 4. Plants in these groups begin in the export market and follow
different paths over time. If market selection is important, then exit from the ex-
port market should be concentrated in plants with lower productivity. If exporting
brings additional benefits, then the productivity differential should widen in period
t + 1 between the group that stays in the export market and the group that exits.

With the fifth comparison, in section VI, we look at whether or not exporters
follow different productivity paths than nonexporters over time. We compare
the productivity of groups 1 and 4 in years t and t + 1. If the export market
facilitates the accumulation of knowledge over time, productivity levels between
the two groups should increasingly diverge. As a further refinement to this com-
parison, we look at whether improvements over time accrue to new producers,
the group most likely to benefit from learning effects. To do this, we compare
productivity in years t and t + 1 for the producers in groups 1 and 4 that first
begin operating in year t.

II. PRODUCTIVITY DIFFERENTIALS BETWEEN EXPORTING AND NONEXPORTING PLANTS

We begin by summarizing the cross-sectional differences in average productiv-
ity between plants that sell in the export market and those that operate solely
in the domestic market (table 2). For example, in the textile industry in Taiwan
(China) in 1986, exporting plants had 27.6 percent higher TFP levels than
nonexporting plants. Across the five industries in Taiwan (China) average TFP
levels were higher for exporters than for nonexporters by between 11.8 percent
(electrical machinery in 1986) and 27.6 percent (textiles in 1986). All of the
differences in means are statistically significant. The data for Korea similarly
show higher productivity among exporting plants. The average productivity dif-
ference between exporters and nonexporters varies between 3.9 percent (electri-
cal machinery in 1988) and 31.1 percent (textiles in 1983), and all the differences
are statistically significant.4

4. In both economies these differences are smaller in the newer, higher-technology industries of electronics
and transportation. Pack (1992) argues that worker mobility is one way that knowledge gained in the
export market can diffuse to other producers. If labor market turnover is higher in industries that use
rapidly changing technologies, then the positive spillovers from exporting to nonexporting plants may be
higher in these industries. This transmission of knowledge through worker movement would result in
smaller average productivity differentials between exporters and nonexporters.
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Table 2. Productivity Differences between Exporters and Nonexporters and
the Number of Exporting and Nonexporting Firms in the Republic of Korea
and Taiwan (China), 1980s and 1990s

Korea Taiwan (China)

Industry and indicator 1983 1988 1993 1986 1991

Textiles
Percentage difference in

average productivity, 0.311 0.234 0.231 0.276 0.186
(0.017) (0.014) (0.014) (0.010) (0.010)

Exporters 510 874 1,163 1,231 946
Nonexporters 1,368 1,767 2,352 2,039 2,589

Apparel
Percentage difference in

average productivity, 0.189 0.153 0.199 0.247 0.196
(0.022) (0.018) (0.019) (0.011) (0.013)

Exporters 257 499 479 809 571
Nonexporters 1,479 1,852 2,212 1,171 1,465

Plastics
Percentage difference in

average productivitya 0.148 0.097 0.071 0.166 0.151
(0.027) (0.016) (0.014) (0.006) (0.007)

Exporters 193 481 572 1,806 1,497
Nonexporters 1,171 2,109 3,563 4,811 7,470

Electrical machinery and electronics
Percentage difference in

average productivitya 0.068 0.039 0.045 0.118 0.145
(0.021) (0.013) (0.011) (0.007) (0.006)

Exporters 385 880 1,149 2,024 2,347
Nonexporters 933 1,917 3,735 3,354 5,703

Transportation equipment
Percentage difference in

average productivitya 0.140 0.110 0.094 0.126 0.153
(0.036) (0.021) (0.017) (0.010) (0.011)

Exporters 98 248 266 606 678
Nonexporters 507 1,003 2,045 1,751 2,565

a. The values show the percentage by which TFP is higher in exporting than in nonexporting firms. The
standard errors of the differences are in parentheses.

Source: Authors' calculations.

The simple comparison of average productivity in table 2 clearly indicates the
higher productivity of exporters relative to nonexporters in both countries.5 The
results in table 2 mirror the findings for virtually every other country for which
micro-level productivity comparisons have been done. But the underlying causal
mechanism is unclear. If the domestic market is limited in size, then firms can
benefit from entering the larger export market. However, higher levels of com-

5. See Tybout (1996) for a summary of the empirical literature on productivity differences among
firms.
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petition in the world market or higher fixed costs associated with selling in the
export market mean lower profit streams per unit, so that only the more effi-
cient firms will enter and survive in the export market. Alternatively, if firms
already in the export market can take advantage of scale economies or acquire
knowledge of new technologies that foster learning, this will be reflected in higher
productivity for exporters.

If these externalities from exporting exist, it is very likely that they are higher
the greater is the degree of exposure to the export market. Therefore, we look at
whether the productivity differential is an increasing function of the share of
plant output that is exported and whether the differential is independent of the
degree of exposure. Table 3 reports the results of regressions of plant productiv-
ity on year and export intensity dummies for each country and industry. The
intercept represents the plants that do not export. The remaining coefficients
measure the percentage difference in productivity between nonexporters and
plants with low export intensity (less than 25 percent of production exported),
moderate intensity (25 to 75 percent), and high intensity (more than 75 per-
cent). The positive and significant coefficients on the export intensity dummies
for both countries clearly indicate higher levels of productivity for exporting
firms relative to nonexporters, as demonstrated in table 2.

The new finding is that differences in average productivity across groups of
plants with different export intensities are very small, particularly when com-
pared with the differences between exporters and nonexporters (table 2). The
data for Taiwan (China) show that it is not possible to reject the hypothesis that
average productivity is the same across all three categories of export intensity for
the textile and electrical machinery industries. For the other three industries we
cannot reject the hypothesis that two of the three groups have equal average
productivity. In addition, there is no consistent movement in the level of average
productivity across intensity categories. For two industries productivity falls
moving from low to high export intensity; for three industries it increases. Ex-
cept for the apparel industry, the direction of change within industries is not
monotonic across intensity categories.

The data for Korea show similar patterns. For three of the five industries we
do not reject the hypothesis that the three export categories have the same aver-
age productivity. In the textile and transportation industries the evidence indi-
cates that the plants that export at least 75 percent of their output do have
higher productivity. Average productivity among Korean textile plants that ex-
port less than one-quarter of their output is 18.8 percent higher than that of
nonexporters, and this differential rises to 28.1 percent for plants that export at
least three-quarters of their output. In transportation equipment, exporters in
the low-intensity category are 9.4 percent more productive than nonexporters,
and the differential rises to 20.2 percent for the high-intensity category.

Overall, the cross-sectional results in tables 2 and 3 indicate that being an
exporter, per se, signals higher productivity in every case, but the percentage of
the plant's output that is exported has little systematic effect on productivity for
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Table 3. The Impact of Export Intensity on Plant Productivity
Export intensitya

Country and industry Intercept Low Medium High Test resultsb

Korea
Textiles -0.118'> 0.188* 0.228" 0.281' 2

(0.009) (0.018) (0.014) (0.011)
Apparel -0.068* 0.242* 0.176* 0.173* 1, 2, 3

(0.009) (0.037) (0.030) (0.013)
Plastics -0.067* 0.092* 0.084* 0.111* 1, 2, 3

(0.009) (0.014) (0.016) (0.020)
Electrical machinery and

electronics -0.079* 0.058'> 0.024* 0.055* 1, 2, 3
(0.009) (0.013) (0.013) (0.012)

Transportation equipment -0.070* 0.094* 0.085* 0.202* 2
(0.013) (0.017) (0.024) (0.033)

Taiwan (China)
Textiles -0.012* 0.236* 0.212* 0.244* 1, 2

(0.005) (0.014) (0.012) (0.009)
Apparel -0.142* 0.181* 0.193* 0.233* 2

(0.007) (0.027) (0.018) (0.009)
Plastics 0.012* 0.145* 0.141* 0.170* 2

(0.003) (0.010) (0.009) (0.006)
Electrical machinery and

electronics -0.007 0.145* 0.129* 0.131* 1, 2, 3
(0.004) I0.009) (0.007) (0.006)

Transportation equipment -0.140* 0.179* 0.121* 0.133* 3
(0.005) <0.015) (0.014) (0.010)

* Significant at the 5 percent level.
Note: All regressions include year dummy variables. Standard errors are in parentheses.
a. Export intensity is low if the export share is greater than 0 and less than or equal to 0.25,

medium if the export share is greater than 0.25 and less than or equal to 0.75, and high if the export
share is greater than 0.75.

b. Test results are coded as follows (all are for the 5 percent level of significance): 1, do not reject the
equality of all three export intensity coefficients; 2, do not reject the equality of the low and medium
export intensity coefficients; and 3, do not reject the equality of the medium and high export intensity
coefficients.

Source: Authors' calculations.

most of the industries. That export intensity may not be a good measure of the
extent of knowledge that a plant gains from foreign sources could explain this
result. An exporter has access to a pool of new ideas that is more likely to be a
function of the exporter's number of foreign purchasers or contacts, rather than
the percentage of output that it exports. Unfortunately, we do not have any in-
formation on the buyers of each plant's output; we can distinguish only whether
the plant has some foreign contact or no foreign contact based on its total vol-
ume of exports.

III. PRODUCTIVITY DIFFERENTIALS BETWEEN TRANSITION GROUPS

To analyze productivity differentials between transition groups, we exploit
the time-series aspects of the data and combine information on the transition
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patterns of plants in the export market with the cross-sectional productivity
distribution. Our regression results compare the productivity of all plants in
year t + 1 based on whether they enter or exit the export market (table 4). The
plants that do not export in either year (group 1 in table 1) make up the base
category.

For Taiwan (China) there is an identical ranking of categories for all five ex-
porting industries. The group with the lowest average productivity stays out of
the export market in both years. Exiting plants have average productivity levels
that are 4.4 to 10.3 percent higher than plants that have never exported. Entrants
are 13.3 to 18.9 percent more productive than nonexporters. Finally, plants that
remain in the export market are 16.7 to 22.3 percent more productive than
nonexporters.

Table 4. The Impact of Transitions into or out of the Export Market on Plant
Productivity

Differential for plants that*
Exit the Enter the Remain in the

Country and industry Intercept export market export market export market

Korea
Textiles -0.112* 0.115* 0.240* 0.209*

(0.008) (0.032) (0.012) (0.017)
Apparel -0.061* 0.131* 0.186* 0.121*

(0.008) (0.048) (0.015) (0.030)
Plastics -0.040* -0.004 0.077* 0.102*

(0.006) (0.028) (0.012) (0.022)
Electrical machinery and

electronics -0.025* -0.032 0.037* 0.056*
(0.007) (0.026) (0.009) (0.016)

Transportation equipment -0.022* -0.018 0.086* 0.149*
(0.009) (0.038) (0.016) (0.029)

Taiwan (China)
Textiles 0.150* 0.103* 0.173* 0.223*

(0.005) (0.021) (0.012) (0.014)
Apparel -0.018* 0.064* 0.189* 0.219*

(0.007) (0.028) (0.015) (0.020)
Plastics 0.069* 0.082* 0.138* 0.196*

(0.003) (0.014) (0.008) (0.012)
Electrical machinery and

electronics 0.186* 0.044* 0.138* 0.167*
(0.003) (0.014) (0.007) (0.009)

Transportation equipment -0.205* 0.080* 0.133* 0.211*
(0.005) (0.023) (0.013) (0.018)

*Significant at the 5 percent level.
Note: All regressions include year dummy variablcs. Standard errors are in parentheses.
a. The percentage difference in average productivity between the given category and firms that do

not export (group 1).
Source: Authors' calculations.
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Exiting firms are between 11.4 and 15.5 percent less productive than plants
that remain in the export market (columns 2 and 4 of table 4). In addition, en-
trants are between 2.9 and 7.8 percent less productive than experienced export-
ers (columns 3 and 4 of table 4). Both patterns are consistent with the model of
self-selection outlined in section I.

The patterns for Korea differ in some systematic ways from the results for
Taiwan (China). First, in three industries-plastics, electrical machinery, and trans-
portation equipment-the average productivity of plants that exit the export
market is not significantly different from that of plants with no export market
experience. Second, in two cases-textiles and apparel-entrants are more pro-
ductive than incumbent exporters. Third, in the apparel industry, exiting and
surviving plants have nearly the same average productivity (0.131 and 0.121
percent, respectively). All of these patterns indicate that, relative to Taiwan (China),
differences in productivity in Korea are not as closely related to transitions into
or out of the export market.

An additional refinement we make is to further divide the plants in year t + 1
into new plants, those that first appear in production in year t + 1, and old
plants, those that were present in year t. In Taiwan (China) the differences be-
tween the two groups are minimal, with one exception. In the apparel industry,
among new plants entering the export market, average productivity is 10 percent
higher than that of old plants entering the export market.

In Korea two industries have substantial differences. New plants in textiles are
approximately 16 percent more productive than old plants, and this differential
holds for both exporters and nonexporters. In apparel new plants that enter the
export market are on average 14.3 percent more productive than old plants that
begin exporting, but there is no difference between new plants and plants that do
not export. The productivity difference between new and old plants can reflect
the adoption of different technologies in the new plants. Because this differential
is observed for both exporters and nonexporters in Korean textiles, it is unlikely
that exporting is the conduit for the improvement in technology. However, for
the apparel industries, only new exporting plants have higher productivity. This
result raises the possibility that knowledge transfers resulting from contacts with
foreign buyers could be the mechanism at work.

Our finding that Taiwanese plants that exit the export market have higher
average productivity than nonexporters differs from the findings of Clerides, Lach,
and Tybout (1998) and Bernard and Jensen (1999). Both studies find that plants
exiting the export market are among the worst performers. One explanation may
be that the sunk costs involved in reentering the export market in Taiwan (China)
are sufficiently low that plants do not hesitate to exit in the face of low produc-
tivity. By contrast, if other countries have higher entry costs, producers may pre-
fer to remain in the export market in the face of low productivity and profits in
order to wait and see if productivity improves. When sunk costs are high, firms
face a high option value of remaining in operation in order to avoid reentry costs.
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Only plants with very low productivity will choose to exit when entry costs are
high. 6

IV. PRODUCTIVITY DIFFERENTIALS BETWEEN ENTRANTS AND NONENTRANTS

We now focus on entrants and nonentrants to the export market (groups 1
and 2 in table 1), comparing their average productivity in t and t + 1 (table 5).
In every industry in Taiwan (China) plants that choose to enter the export
market have significantly higher average productivity, prior to entry, than plants
that choose to stay out. The differential varies from 4.8 percent in electrical
machinery to 14.8 percent in apparel. This result is consistent with the self-
selection hypothesis. The initial differential between the two groups of plants
widens after entry in three of the industries-textiles, plastics, and electrical
machinery (column 3 of table 5). The increase in the productivity differential
is between 6.0 and 8.3 percent. In the other two industries the change in the
differential following entry is not statistically significant. For textiles, plastics,
and electrical machinery the widening productivity differential is consistent
with the learning-by-exporting hypothesis. However, as noted, this hypothesis
cannot be distinguished from other explanations that would generate positive
serial correlation in productivity.

Overall, the results for Taiwan (China) indicate that, among continuing plants,
productivity differences prior to entry are correlated with the entry decision. In
several industries the plants that choose to enter continue to increase their pro-
ductivity relative to nonentrants in the years following entry. The importance of
self-selection into the export market is similar to the findings of Bernard and
Jensen (1999) and Clerides, Lach, and Tybout (1998). However, none of the
countries they examine shows evidence similar to what we find on the feedback
effect on productivity from participating in the export market.

The data for Korea show a different pattern. The positive coefficients for all
industries indicate that plants that choose to enter have higher productivity
prior to entry than do nonexporters (column 2 of table 5). However, the dif-
ference is not statistically significant in two of the five industries. The produc-
tivity differential is statistically significant in textiles, where the differential is
17.6 percent; in transportation equipment, where it is 11.5 percent; and in
plastics, where the differential is 5.8 percent. In addition, the differential be-
tween entrants and nonentrants widens following entry, but the change is not
statistically significant in all five industries (column 3 of table 5). Thus the
statistical evidence in support of both the self-selection and learning hypoth-

6. Roberts and Tybout (1997) develop the empirical implications of sunk entry costs on plant-level
export participation. They find that sunk entry costs are an important determinant of exporting among
Colombian manufacturing plants. They cite the absence of a well-developed export trading sector as
one source of high entry costs. Campa (1998) finds that sunk exporting costs are also important for firms
in the Spanish manufacturing sector. Levy (1991) argues that the well-developcd nctwork of trading firms
in Taiwan (China) acts to lower the entry costs of new exporters.
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Table 5. Average Productivity Differences between Entrants and Nonentrants
to the Export Market

Entering firm Change in differential,
Country and industry Intercept differential, pre-entry post-entry

Korea
Textiles -0.143* 0.176* 0.059

(0.013) (0.026) (0.033)
Apparel 0.014 0.036 0.111

(0.019) (0.052) (0.074)
Plastics -0.024 0.058* 0.008

(0.014) (0.027) (0.038)
Electrical machinery and

electronics -0.006 0.016 0.027
(0.019) (0.026) (0.036)

Transportation equipment -0.036 0.115* 0.002
(0.024) (0.039) (0.053)

Taiwan (China)
Textiles -0.007 0.060* 0.083*

(0.010) (0.026) (0.037)
Apparel -0.163* 0.148" -0.026

(0.013) (0.044) (0.062)
Plastics 0.018'> 0.076' 0.061*

(0.005) (0.015) (0.021)
Electrical machinery and

electronics 0.007 0.048* 0.060'
(0.008) (0.016) (0.023)

Transportation equipment -0.134* 0.099* 0.025
(0.010) (0.028) (0.039)

Significant at the 5 percent level.
Note: All regressions include year dummy variables. Standard errors are in parentheses.
Source: Authors' calculations.

eses is much weaker for Korea than for Taiwan (China). The signs of the esti-
mated coefficients are consistent with both effects, but the results are not gen-
erally statistically significant.

V. PRODUCTIVITY DIFFERENTIALS BETWEEN EXITING AND SURVIVING FIRMS

For Taiwan (China) there is a difference in productivity between plants that
exit the export market and those that remain (groups 3 and 4 in table 1). Plants
that exit the export market after year t are less productive (in year t) than their
counterparts that continue exporting, as indicated by the negative and significant
coefficients (column 2 of table 6). The productivity gap varies from 6.2 to 13.1
percent. This result is consistent with the self-selection hypothesis.

Further, in four of the five industries in Taiwan (China), the plants that exit
the export market fall further behind the exporting plants in the years following
exit, as indicated by the negative regression coefficients (column 3 of table 6).
This widening of the productivity differential between exporting and nonexporting
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Table 6. Average Productivity Differences between Plants that Exit the
Export Market and Continuing Exporters

Exiting firm Change in differential,
Country and industry Intercept differential, pre-exit post-exit

Korea
Textiles 0.200* -0.083* -0.001

(0.017) (0.023) (0.034)
Apparel 0.125* 0.076 -0.076

(0.032) (0.042) (0.05S)
Plastics 0.230* -0.041 -0.047

(0.032) (0.032) (0.044)
Electrical machinery and electronics 0.068* -0.090* 0.012

(0.023) (0.027) (0.037)
Transportation equipment 0.153* -0.053 -0.091

(0.035) (0.039) (0.053)

Taiwan (China)
Textiles 0.302* -0.121* 0.001

(0.012) (0.022) (0.031)
Apparel 0.144* -0.131* -0.024

(0.016) (0.029) (0.040)
Plastics 0.209* -0.070* -0.045*

(0.010) (0.016) (0.022)
Electrical machinery and electronics 0.152* -0.069* -0.054*

(0.007) (0.014) (0.019)
Transportation equipment 0.030* -0.062* -0.070*

(0.015) (0.025) (0.035)

*Significant at the 5 percent level.
Note: All regressions include year dummy variables. Standard errors are in parentheses.
Source: Authors' calculations.

plants is statistically significant in three industries-plastics, electrical machin-
ery, and transport equipment. Again, this result is consistent with factors that
lead to divergent productivity paths for exporting and nonexporting plants, of
which learning by exporting is one.

The data for Korea produce a similar pattern, but most of the differentials
are not statistically significant. The coefficients in the second column indicate
that exiting plants are significantly less productive than continuing exporters in
only two of the five industries-textiles and electrical machinery, where the
average productivity differential is 8.3 and 9.0 percent, respectively. The wid-
ening of the differential continues following exit for all but one industry, as
shown in the third column, but this effect is not statistically significant in any
of the industries.

Overall, the statistical evidence is stronger for Taiwan (China) than for Korea
that exiting plants are less productive than continuing exporters. The evidence is
also stronger for Taiwan (China) that the relative position of exporting plants
continues to deteriorate after exit. And there is less evidence for Korea than for
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Taiwan (China) that either productivity-driven selection or productivity improve-
ment is correlated with export experience.

VI. PRODUCTIVITY DIFFERENTIALS BETWEEN LONG-TERM EXPORTERS
AND NONEXPORTERS

The final comparison we make considers plants that export in both years and
plants that never export (groups 4 and 1 in table 1). If the act of exporting
results in higher productivity, then we should observe a divergence in the average
productivity of these two groups over time. The average productivity differen-
tials in year t identify the productivity premium of continuous exporters (column
2 of table 7). These results largely replicate the productivity advantage of plants
that remain in the export market, as identified in table 4.

The changes in differentials over time indicate that, for most industries, the
productivity of continuous exporters does not improve over time relative to that
of nonexporters (column 3 of table 7). In three of the industries in Taiwan (China)
and all five industries in Korea, there is no significant change in the productivity

Table 7. Average Productivity Differences between Continuous Exporters and
Continuous Nonexporters

Exporting firm differential
Initial Change in differential

Country and industry Intercept year over time

Korea
Textiles -0.134* 0.316* 0.013

(0.011) (0.017) (0.025)
Apparel 0.006 0.141* -0.017

(0.016) (0.032) (0.050)
Plastics -0.013 0.188* -0.032

(0.014) (0.027) (0.046)
Electrical machinery and electronics 0.017 0.044 0.017

(0.019) (0.024) (0.035)
Transportation equipment -0.046 0.167* 0.037

(0.024) (0.038) (0.057)
Taiwan (China)
Textiles -0.007 0.309* -0.094*

(0.010) (0.016) (0.023)
Apparel -0.163* 0.307* -0.063*

(0.013) (0.021) (0.030)
Plastics 0.018* 0.191* -0.002

(0.005) (0.012) (0.017)
Electrical machinery and electronics 0.007 0.145* 0.011

(0.007) (0.011) (0.015)
Transportation equipment -0.134* 0.165* 0.042

(0.010) (0.019) (0.027)

*Significant at the 5 percent level.
Note: All regressions include year dummy variables. Standard errors are in parentheses.
Source: Authors' calculations.
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differential over time. In the two industries in which there is a significant change
in the relative productivity of the two groups-the textile and apparel industries
in Taiwan (China)-the productivity advantage of the continuous exporters falls
over time. Among the group of producers in operation for the two years, there is
no evidence that the average productivity of the continuous exporters rises rela-
tive to that of the plants with no export experience. There are large initial differ-
ences in productivity between the two groups, but there is no evidence that the
differential widens with continued export experience. These results are not con-
sistent with a process of ongoing learning by exporting.

A possible reason why productivity differentials between continuous exporters
and nonexporters do not widen over time is that both groups are made up of plants
of different ages. Learning may be concentrated among young or new plants, with
older plants having already fully incorporated the knowledge acquired from past
experience. To determine if this is true, we divide the plants in groups 1 and 4 into
those that are new in year t and those that were already operating (either in or out
of the export market) in the initial census year. We examine the productivity differ-
entials for the new plants. The results, which are not reported here, indicate that in
the transportation equipment industry in Taiwan (China), the new plants that are
continuous exporters have a productivity differential that widens by 8.1 percent in
year t + 1 relative to the new plants that have never exported. This is the only
industry in Taiwan (China) for which the productivity differential widens over
time. Making the same comparison for Korea, we find no industries in which the
export differential widens over time. Overall, with the exception of transport equip-
ment in Taiwan (China), this comparison provides no evidence that is consistent
with the learning-by-exporting hypothesis.

VII. SUMMARY AND CONCLUSION

The relationships between plant-level TFP and export experience are robust and
simple to summarize for the five major exporting industries in Taiwan (China). On
average, exporting plants have higher productivity than nonexporters. The transi-
tion patterns reflect systematic differences in productivity: average productivity is
highest for continuing exporters, followed by entrants, exiting firms, and
nonexporters. Plants that diversify into the export market have higher productivity
prior to entry than plants that choose not to enter and, in some industries, show
evidence of productivity improvements following entry. Plants that exit the export
market are less productive than those that remain in the export market. In several
industries the relative position of those that exit continues to deteriorate in the
years following exit. Finally, there is no evidence that the productivity advantage
of continuous exporters over plants that never export increases over time.

These results are consistent with self-selection of higher-productivity plants
into the export market. The evidence for several industries indicates that produc-
tivity differences between exporters and nonexporters widen as export experi-
ence accumulates; however, this tendency is limited to plants that enter or exit
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the export market, not continuous exporters. This widening productivity gap
could reflect direct benefits from exporting, such as knowledge spillovers from
buyers, or other factors that lead to positive serial correlation in the shocks to
plant productivity. In the latter case the plants with positive (negative) productiv-
ity shocks will move into (out of) the export market, and their productivity will
continue to diverge from the group of plants that do not make any market tran-
sitions. Given the small number of time-series observations in our data, it is im-
possible to disentangle these two explanations. Nonetheless, the post-entry
and post-exit patterns of change in productivity are consistent with efficiency
gains that accrue from the exporting process.

Although exporters are on average more productive than nonexporters in Korea
and in Taiwan (China), the productivity pattern of the cohorts moving into and
out of the export market differs significantly between the two economies. In
general, there is less evidence of productivity-based transitions in Korea. Prior to
entry, there are no significant differences between entrants and nonentrants for
three of the five industries. Following entry, there is no widening of the produc-
tivity differential between these two groups in four of the industries. This pat-
tern is also reflected on the exit side. There is no evidence that the productivity
gap between plants that exit the export market and those that remain widens
after exit. Finally, there is no evidence that the productivity advantage of the
group of continuous exporters widens over time relative to producers that never
export. Overall, these patterns do not support the learning-by-exporting hy-
pothesis or the self-selection hypothesis.

The lack of any strong evidence of learning by exporting is consistent with
the findings of Clerides, Lach, and Tybout (1998) and Bernard and Jensen
(1999). Both studies approach the question in a similar way to this article, by
asking if the performance (productivity) paths of exporters and nonexporters
diverge following a transition from one market to the other. However, our
findings are not consistent with the micro-survey evidence reported by several
authors. Rhee, Ross-Larson, and Pursell (1984) find that, among Korean firms
in 1965-75, a considerable amount of production engineering knowledge came
from the purchasers of Korean exporters. Similarly, Keesing and Lall (1992)
study five East Asian economies in 1979-80 and find that purchasers often
established buying offices in the exporting countries. These offices channeled
advice on quality control, design changes, and new technologies to domestic
producers. Finally, Egan and Mody (1992) study U.S. imports of bicycles and
footwear from East Asian countries in the mid-1980s and find that links be-
tween industrial-country buyers and developing-country suppliers acted as con-
duits for information about marketing and production technologies and pro-
vided access to larger industry networks.

There are several possible explanations for the difference in findings between
the two groups of studies. First, learning by exporting may have been more im-
portant as a source of expertise and knowledge in the early period of expansion
of the manufacturing sector, that is, for the 1960s and 1970s in Korea. By the
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middle and late 1980s, the period covered by our data, much of the knowledge
had been acquired and disseminated.

Second, the knowledge gained from exporting diffuses quickly across export-
ers and nonexporters as a result of labor mobility among firms and other inter-
firm contacts. Rapid diffusion would make it less likely to observe productivity
differences across the groups of exporters and nonexporters examined here. In
Korea, in particular, exports expanded primarily through large business groups,
rather than through small and medium-size enterprises that dominated the ex-
port expansion in Taiwan (China). If the knowledge gained from exporting is
transmitted quickly among members within a Korean business group, then indi-
vidual producers are likely to have incorporated much of this spillover effect
prior to entry, leading to less significant productivity improvements after entry.
In Taiwan (China) this transmission of knowledge must occur across firms, which
is likely to be slower and less complete, leaving more opportunities for individual
producers to benefit from their own export experience. This explanation is con-
sistent with our finding of some productivity improvements following entry in
four Taiwanese industries.

Third, the time-series improvements in productivity that follow from ex-
port-led learning could be small and difficult to detect compared with the cross-
sectional differences in TFP. Fourth, despite the fact that all of the studies rely
on micro-data, the level of industry aggregation differs significantly. Although
specific products may benefit from knowledge gained through exporting, they
simply are too small a share of industry production to be detected in our
comparisons.

Given these qualifications, our findings suggest that the movements of
producers with different levels of productivity into and out of the export market
more closely reflect a process of market selection among heterogeneous plants
than a process of productivity improvement flowing from export market exper-
ience. More generally, our empirical findings suggest that producer produc-
tivity is correlated less strongly with export market participation in Korea
than in Taiwan (China). Several factors could contribute to this difference.

A plant's long-run expected profits from exporting should guide its export deci-
sion. Productivity may serve as a less useful indicator of long-run profits in Korea
than in Taiwan (China). Total factor productivity provides a summary index of
several production-related factors, including the degree of capital utilization, the
importance of returns to scale, and managerial efficiency. The index shows how
these factors vary across producers, but it does not provide a perfect measure of
long-run expected profits. Factors other than production efficiency may be impor-
tant determinants of expected profitability. If these other factors differ substan-
tially across producers, they will tend to weaken the correlation between a producer's
productivity and its pattern of participation in the export market.

Heterogeneity across producers on the demand side of the market weakens the
correlation between profitability and TFP. Hobday (1995) argues that there is
little emphasis among Taiwanese manufacturers on brand or product differentia-
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tion and little expenditure on advertising or research and development. To the
extent that export products are more homogeneous in Taiwan (China) than in
Korea, profit differences and export decisions in Taiwan (China) will more closely
reflect differences in productive efficiency.

Several institutional factors suggest that determinants of profitability other
than productivity may be more important in Korea than in Taiwan (China).
Pack (1992), Levy (1991), and Levy and Kuo (1991) argue that the dense net-
work of subcontractors and export traders in Taiwan (China) has lowered the
costs of moving into and out of the export market, particularly for small firms.
By contrast, the weaker network of subcontractors and traders in Korea im-
plies substantially higher initial investment costs for the producer, which can
introduce hysteresis into the export decision. The producer's prior export ex-
perience becomes an important determinant of the decision to export and
can weaken the link between current productivity and exporting choice. In
the 1980s both the extent of subcontracting and entry into exporting in-
creased in Korea, suggesting that entry and exit costs decreased gradually.
Investment subsidies also decreased significantly in the 1980s. However, the
effects of sunk entry and exit costs as well as of investment subsidies are likely
to be long term.

Several researchers, including Pack and Westphal (1986), Westphal (1990),
Levy (1991), and Rodrik (1995), have documented the importance of govern-
ment investment subsidies in Korea. These policies have resulted in the channel-
ing of credit at negative interest rates to Korea's conglomerates and provided
them with insurance against business risk, particularly in the export market. In
this context Korean producers are less likely to base their decisions on productiv-
ity when they consider entering, continuing, or exiting the export market. Their
decisions will reflect whether they have access to the necessary finance, contacts,
and insurance provided by the government.

APPENDIX A. DESCRIPTION OF THE DATA

For Taiwan (China) we use a compilation of data from the last three industrial
and commercial censuses collected by the Statistical Bureau of Taiwan's Execu-
tive Yuan. The censuses cover 1981, 1986, and 1991. The Statistical Bureau
collects detailed data on each of the firms operating in the manufacturing sector,
which was more than 88,000 firms in 1981 and more than 100,000 firms in
1986 and in 1991. See Aw, Chen, and Roberts (1997) for a more detailed discus-
sion of the Taiwanese data and the construction of inputs and outputs used to
measure productivity.

The data for Korea come from the census of manufactures for 1983, 1988, and
1993. The censuses cover all manufacturing plants with more than five employ-
ees in each of the 23 industries defined at the two-digit standard industry level.
There were approximately 39,022 plants in 1983, 59,732 in 1988, and 88,864 in
1993.



86 THE WORLD BANK ECONOMIC REVIEW, VOL. 14, NO. 1

The firm or plant observations for each country not only provide complete
cross-sectional coverage of the manufacturing sector but also are matched across
the censuses so that analysts can follow individual producers over time and ob-
serve entry and exit patterns. The censuses for both countries provide informa-
tion on the output and input variables that are necessary to measure TFP at the
firm or plant level: sales, employment, book value of the capital stock, and ex-
penditures on labor and different types of intermediate inputs. The type of
data that are collected in both countries is very similar. Therefore, we discuss the
variable construction for both countries at the same time, noting differences where
relevant. The type of data collected in the manufacturing census in Taiwan (China)
is similar to what is collected in the United States (for its use in productivity
measurement, see Baily, Hulten, and Campbell 1992) or in the industrial coun-
tries analyzed in Roberts and Tybout (1996).

For Taiwan (China) firm output is defined as total firm sales deflated by a
wholesale price index defined at the two-digit industry level. For Korea the value
of plant output is measured as the sum of total revenue from sales, repairing and
fixing services, and subcontracted work, and the change in the inventory of final
goods. It is deflated by a producer price index defined at the two-digit industry
level.

We model each producer as using four inputs in production: labor, capital,
materials, and subcontracting services. The labor input is measured as the num-
ber of production and nonproduction workers. Total payments to labor are
measured as total salaries to both groups. The measure of capital input is the
book value of the capital stock of the firm or plant. We have adjusted the book
values to control for price changes in new capital goods that will cause the book
values to change over time with investment in new equipment. The expenditure
share on capital is calculated as the residual after subtracting expenditures on
labor, material inputs, and subcontracting from the value of output.

The material input is defined to include raw materials, fuel, and electricity. In
Taiwan (China) raw material expenditures are deflated by a general producer
price index, which covers both manufacturing and nonmanufacturing output in
the country. Fuel and electricity expenditures are deflated by an aggregate energy
price index. In Korea we use a raw material price index for the manufacturing
sector to deflate material expenditures. Fuel expenditures are deflated by an en-
ergy producer price index, and electricity expenditures are deflated by an elec-
tricity price index.

The final input measures expenditures on subcontracting services. Many pro-
ducers in both economies hire subcontractors to perform parts of the manufac-
turing process. Payments to these subcontractors are reported as separate expen-
ditures by the firm or plant in the census data. To construct the subcontracting
input, we deflate payments to subcontractors by the output price of the industry
in which the firm or plant operates. This is not an ideal price index for deflating
subcontracting expenditures. However, the overall inclusion of the subcontract-
ing input is important because it recognizes that the inputs of producers that
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subcontract some of the production steps need to be increased, and thus their TFP

reduced, relative to the producers that do not subcontract.

APPENDIX B. THE MEASUREMENT OF PLANT-LEVEL TOTAL FACTOR

PRODUCTIVITY

Using manufacturing data for Korea and Taiwan (China), we construct an
index of TFP for each plant in each year. (See Tybout 1996 for a discussion of

alternative productivity measures based on econometric estimation of produc-

tion functions and a summary of the literature on the sources of productivity
differences across producers.) In the case of Taiwan (China) this is done for each
of the three census years 1981, 1986, and 1991. For Korea the three census years
are 1983, 1988, and 1993.

Caves, Christensen, and Diewert (1982) develop a multilateral index that is

useful for measuring TFP in plant- or firm-level panel data sets. They construct the
TFP index as the log of the plant's outputs minus a revenue-share-weighted sum of

the log of the plant's inputs. In order to guarantee that comparisons between any
two plant-year observations are transitive, each plant's inputs and outputs are ex-
pressed as deviations from a single reference point. Caves, Christensen, and Diewert's
multilateral index uses as the reference point a hypothetical plant with input rev-
enue shares that equal the arithmetic mean of revenue shares over all observations,
and output and input levels that equal the geometric mean of output and the inputs
over all observations. Each plant's output, inputs, and productivity in each year are
measured relative to this hypothetical plant.

Good, Nadiri, and Sickles (1997) discuss an extension of the multilateral in-
dex that uses a separate hypothetical-plant reference point for each cross section

of observations and then chain-links the reference points together over time in
the same way as the conventional Tornqvist index of productivity growth. This
productivity index is useful in our application because it provides a consistent
way of summarizing the cross-sectional distribution of plant TFP, using only in-
formation that is specific to that time period, and describing how the distribu-
tion moves over time.

Let each plant f produce a single output Yft using the set of inputs Xif, where
i = 1, 2, ... n. The TFP index for plant f in year t is defined as:

s=2
(B~~ ~ ~~ -1 lnSFP t + S(lnY lnXf -lY)+,lnXslns 

|2(it+ Sit )(lnXi n Xit

+s2 1+1 ln Xis2s)
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The first line in equation B-1 measures plant output and consists of two parts.
The first part expresses the plant's output in year t as a deviation from the refer-
ence point, the geometric mean output over all plants in year t. It thus captures
information on the cross-sectional distribution in output. The second part sums
the change in the output reference point across all years, effectively capturing
information on the shift of the output distribution over time by chain-linking
the movement in the reference point. Subscript s denotes the reference year. The
remaining two lines of the formula perform the same operation for each input
Xi. The inputs are then summed using a combination of plant factor shares Sift
and average factor shares Si, in each year as weights. The index provides a mea-
sure of the proportional difference in TFP for plant f in year t relative to the
hypothetical plant in the base year. In our application we use 1981 as the base
year for Taiwan (China) and 1983 as the base year for Korea.
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Vintage Technologies and Skill Constraints: Evidence
from U.S. Exports of New and Used Machines

Giorgio Barba Navaretti, Isidro Soloaga, and Wendy Takacs

When countries import production machinery, they must choose between new and used
equipment. This article looks at that choice in the presence of labor-saving technical
progress and complementarity between technologies and skills within the firm. It devel-

ops a theoretical model of the market for used machines. It then analyzes data on U.S.
exports of metalworking machine tools by country of destination, classifying machines
according to their vintage and their technological characteristics. The data show that the
share of used equipment imported is higher if the importing country has a lower level of

development, as measured by income per capita. Econometric estimation of the determi-
nants of this share shows that it also is higher the greater is the technological change
embodied in the machine or the greater is the change in the skills required to run the
machine efficiently.

These results indicate that technological factors and skill constraints may be as im-
portant as factor prices in determining the choice of technique in developing countries.
The policy recommendation emerging from this work-avoid constraints on imports of
used equipment-is similar to that in the existing literature. But the reasoning is differ-
ent. Instead of emphasizing inappropriate capital-labor ratios for low-wage countries,
the results indicate that investment in advanced technologies is effective only if importing
countries have the skills to use them.

Many developing countries design their trade policies to discriminate against
importation of secondhand goods, imposing import bans, licensing requirements,
or higher tariff rates. Some industrial countries even discriminate against used
products: witness Australia's additional $12,000 tariff on used cars (Wonnacott
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1994). These policies are motivated by a desire to protect domestic industries
against competition from low-priced goods, to avoid becoming a dumping ground
for castoffs from high-income countries, to push industries toward the techno-
logical frontier, and to avoid the use of obsolete technologies.

But trade restrictions on used capital goods appear contrary to the appropri-
ate choice of production techniques in developing countries, where low wages
and high interest rates call for the use of labor-intensive production processes.
Older equipment is likely to be more labor-intensive than new equipment;
technological change tends to be labor-saving, and older equipment requires greater
maintenance and carries a greater risk of downtime. Moreover, the optimal scale
of older machines is smaller, which may be more appropriate for the smaller
markets in developing countries, and older machines may be more flexible in
their use and less specialized. Thus several authors conclude that firms in low-
wage developing countries would find secondhand equipment more profitable
than new machines and that developing countries would suffer a welfare loss
from import restrictions on used machinery (Sen 1962, Schwartz 1973, James
1974, Thoumi 1975, Mainwaring 1986, and Pack 1977).

In this literature some models focus on the impact of greater maintenance
costs as machines age (Schwartz 1973 and Thoumi 1975). The literature on
vintage capital emphasizes labor-saving technological change (Bardhan 1970,
Smith 1976, Gabisch 1975, and Pack and Todaro 1970). And some models in-
corporate both phenomena (Mainwaring 1986). Recent contributions on tech-
nology transfer link the choice of technique to the skills available in a firm or
country. These skills are human capital or other technological capabilities ac-
quired through deliberate learning or learning by doing (Benhabib and Rustichini
1991, Chari and Hopenhayn 1991, Keller 1994, Jovanovic and MacDonald 1993,
and Jovanovic and Nyarko 1995, 1998). The more skills that are specific to a
particular technique, the more costly it is to switch to that technique. The skill
factor is likely to affect the choice between new and used machines when new
machines embody technical change.

In this article we model a firm's choice between new and used machines. We
test the predictions emerging from the modeling exercise using data on U.S.
exports of new and used metalworking machinery, disaggregated by type of
machine and by country of destination. The model incorporates three factors:
greater downtime as machines age, labor-saving technical progress, and the greater
skill requirements of more technologically sophisticated machinery.

Most of the literature on trade in used machinery focuses on heterogeneity
between countries based on the stylized fact that developing countries have lower
wages and higher capital costs than industrial countries (Sen 1962, Smith 1974,
and Mainwaring 1986). We adopt a slightly different model based on heteroge-
neity among firms (as in Bond 1983). Our model takes into account that if
labor and capital markets are imperfect or distorted by sectoral labor regulations
or subsidized directed credit, firms in the same country may face different wage
rates and capital costs.
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Firms also can differ in the technical and managerial skills available to them.
Heterogeneity among firms located in different countries provides the underlying
motive for international trade in new and used capital equipment. Models that
do not take firm heterogeneity into account predict fairly extreme patterns of
trade in used machinery. For example, several models predict that firms in devel-
oping countries would import only the oldest machinery available. The assump-
tion that firms within developing countries may face different wage structures
and interest rates is reasonable, given imperfections in capital markets, the coex-
istence of multinationals and purely domestic firms, and the dichotomy between

the formal and informal sectors.

I. THE FIRM's CHOICE BETWEEN NEW AND USED MACHINERY

This section develops a model that is a version of Bond (1983), modified to
include international trade of machinery.

Differences between New and Used Machinery

New and used machinery can differ in three important ways: risk of break-
down, productivity of embodied technology, and required technical skills. Used
machinery normally requires more maintenance and is more likely to break down
than new machinery. Maintenance demands high labor input. In addition, if
employees are paid for a regular work schedule, machine downtime means that
workers are idle, implicitly increasing the labor intensity of the production pro-
cess. We capture the impact of breakdowns and the maintenance requirements
of used machines by adjusting output for downtime using the factor a, defined as
the ratio of a used machine's output to that of an identical new machine, that is,
one not yet operated (O < a < 1).

Machinery of a given vintage embodies the technology available when it
was produced. Labor-saving technical progress is captured by distinguishing
between output per worker with a machine newly produced in the current pe-
riod (an) and output per worker with a machine embodying last period's tech-
nology, when that machine was new (au). Thus the ratio a,, / a, captures the rate
of labor-saving technical progress, independent of the downtime effect, a, with
(a,/ an) < 1.

To identify the independent impacts of technical progress and the aging pro-
cess in the context of metalworking machines, we distinguish between low-tech
and high-tech machines. From a technological point of view machine tools (es-
pecially metal-cutting tools) can be divided into two broad categories. Numeri-
cally controlled machines have a high rate of technological upgrading, linked to
the development of electronics. These are "high-tech" machines. Manual ma-
chines may improve in terms of design and safety, but they have no or a very low
rate of technical progress. These are "low-tech" machines. The difference in la-
bor productivity between new and used low-tech machines is attributable only to
increases in maintenance and longer downtime. The difference in labor produc-
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tivity between new and used high-tech machines is attributable to technical progress
as well as to increases in maintenance and longer downtime.

For low-tech (manual) machines output per worker varies with age because of
the downtime (a) effect (figure 1). For high-tech (numerically controlled) ma-
chines labor productivity declines with the age of the machine because of the
combined effect of downtime and the lower technological sophistication embod-
ied in older machines (figure 1). There are two key features of the relationships
between labor productivity and the two types of machines. First, output per worker
is always lower for low-tech than for high-tech machines. Second, at any point in
time, the decline in labor productivity with age is larger for high-tech machines
than for low-tech machines.

The third way in which new and used technologies may differ is in the skills
required to operate the machines. The literature on vintage technology empha-
sizes the role of technology-specific skills (Evenson and Westphal 1994 and Keller
1994). Metalworking machine tools provide a good example. Manual machines
(low-tech) require sophisticated craftsmen to operate them. Numerically con-
trolled (high-tech) machines require electronic technicians. Accumulated learn-
ing by doing could be lost when a firm switches to a new technology (Chari and
Hopenhayn 1991, Dasgupta and Stiglitz 1988, Jovanovic and MacDonald 1993,
and Jovanovic and Nyarko 1995, 1996). Complementarities between workers
with different skills may constrain the choice of technology (Chari and Hopenhayn
1991).

Linking the educational level of the people using the machines (craftspeople,
technicians, engineers) to the technology embodied in the machines is essential,

Figure 1. Labor Productivity and Machine Age with and without Technical
Progress

Output per worker

High-tech machines

Low-tech machines

Age of machine
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but not sufficient. Technological knowledge is often tacit and not transmittable
in codified form (David 1993), and technological capabilities are related to the
performance of many different technological functions (Lall 1987). Skills, then,
should refer to the absorptive capacity of a firm or a country, that is, the ability
to master a given technology (Evenson and Westphal 1994 and Keller 1994).
Absorptive capacity is affected by the physical, social, and economic characteris-
tics of a firm or country.

Firms therefore may be reluctant to move to high-tech machines because
they do not have the skills to use them or because building up such skills would
be more costly than continuing to use low-tech machines. In our simplified
setting we assume that if a firm adopts a new high-tech machine that it does not
have the appropriate skills to run it suffers a loss in productivity. The firm's
current level of productivity is captured by y, the proportion of full-capacity
output achievable with new machines, given current skills (where 0 < y < 1). We
refer to y as the "inability coefficient," since y is lower the less able is the firm.
The skill factor may constrain the choice between new and used machines to
the extent that new machines embody an increasing level of technological
sophistication.

Trade Policy

Different trade policy instruments influence the choice between new and used
machines in different ways. An equal ad valorem tariff rate, t, on all imported
machines raises the domestic price of new and used machines proportionally.
Restrictions discriminating against used equipment through either higher tariffs
or licensing requirements increase the cost of used equipment disproportionately,
discouraging its use.

Relative Prices

We assume that machines last for two periods. A firm buying a new machine
can sell it at the end of the period for the going price of a used machine, but used
machines will have zero scrap value at the end of the second period of use. The
analysis assumes that machines are paid for at the beginning of the period and
that wages are paid out at the end of the period. At the end of the period the
firm's (net) cost of using a new machine embodying the current period's technol-
ogy would be:

(1) C, = Pn (I + r)(l + t) - Pt (1 + t) +w- q.
a,

The firm's (net) cost of using a machine embodying the previous period's tech-
nology (if the machine had never been used) would be:

(2) C,= P, (1 + r)(1 + t) +-q
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where Ci is the total cost of production using machinery i (i = n for new machines,
and i = u for used machines), Pi is the price of machine i, ap is the labor productivity
of machine i (ai = q / Li) when it is (was) unused, Li is the labor input per time
period with machine i, w is the wage rate per time period, r is the interest rate, t is
the ad valorem tariff rate on machinery imports, and q is the full-capacity output
of a machine when it is new.'

If the machine embodying last period's technology is used in that period, it
yields only cx of the output it did when new. If the productivity of the new ma-
chine is constrained because of the lack of skill in the labor force, the new ma-
chine yields only y times the designed output.2 More precisely, a is the propor-
tion of the full-capacity output of a new machine that can be produced when the
machine has been used for one period, and r is the proportion of full-capacity
output that can be produced using the new machine with current skills.

A firm will be indifferent between new and used machinery if unit costs are the
same with the two types of equipment:

(3) c'-c,
yq cxq

Thus a firm will be indifferent between new and used equipment when:

P,(l+r)-P,(l+t)+ wq P,(1 +r)(1 +t) + -w q
(4) an au,.

a

Solving for Pu yields U, the price of used equipment at which the firm is indiffer-
ent between using new and used equipment:

ap- _ (1 _ oaw ) wq0

(S) u = ya, au
y + c4P

where =1/(1 + r) and 0= 1 / (1 + t).
If the market price of used machinery (Pa) is less than a firm's indifference

price (U), the firm will buy used equipment; if the market price is greater (Pu >
U), the firm will buy new equipment. Given the market price, Pu, an increase in U
makes it more likely that a firm will buy used equipment, and a decrease in U
raises the chance that it will buy new equipment.

1. We assume that full-capacity output of a new machine is always the same (q) independent of the
type of machine, whereas the labor input necessary to achieve full-capacity output changes (thus

affecting labor productivity a,).
2. Labor input does not change if the machine is used at less than full-capacity output. Either

workers are paid on a fixed schedule, or they use their idle time to maintain machines.
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Equation 5 implies the following:

* The indifference price of used machines equals the price of new machines
with production capacity equal to that of used machines (the first term in
the numerator on the right side of equation 5), net of the higher labor costs
of used compared with new machines (the second term in the numerator on
the right side of equation 5).

* Other things being equal, the smaller is ax (the more the use of equipment
generates a loss in productivity) and the smaller is au I an (the greater is the
rate of labor-saving technical progress), the lower is the indifference price
(the less desirable are used machines).

* The indifference price of used machines increases as y falls, other things
being equal, so firms that do not have the technical skills required to run
new machinery will be more likely to opt for used equipment.

The impact of the wage rate, interest rate, and machinery tariff rate on the
indifference price of used machinery is more complicated to assess and depends
crucially on the firm's skill level, y. Unless the firm lacks most of the skills needed
to use higher-technology equipment, the productivity of new machines is greater
than that of used machines for the firm, that is, aa /yan < 1. In this case U
declines when w and X increase, so firms facing high wages and low capital
costs are more likely to prefer new machines (because it is more likely that
U < P.). Also, U decreases as H increases, implying that higher tariffs raise the
indifference price of used machines, making their purchase more likely. Indeed,
tariff increases push the indifference price downward in the same way as do
increases in the cost of capital (r). But lack of skills to make use of higher-
technology equipment (a sufficiently low y) could eliminate or reverse the influ-
ence of wages, interest rates, and tariff levels on the indifference price.

The Market for Used Machines

We assume that there are two regions, North and South. Firms in the North
(N) are homogeneous (all have the same y) and face the same factor prices. Firms
in the South are either large (L) or small (S). Large southern firms have more
technical skills (higher y) and face more expensive labor and cheaper capital than
small southern firms.3

Given the homogeneity of northern firms, used machines are supplied at their
indifference price (UN), therefore, P, = UN. Northern firms are indifferent be-
tween purchasing used or new machines.4 The South is a price taker because it is

3. This assumption is consistent with widespread evidence that labor and capital markets in developing

countries are fraught with imperfections and often are segmented, so that small and large firms face different

wage and interest rates. These differences are a result of credit rationing, labor regulations, dichotomies
between formal and informal sectors, and the coexistence of multinational and indigenous firms. In addition,

small and large firms differ in terms of technical skills and therefore may have widely different values of y.

4. The northern indifference price is the equilibrium price of used machines even if northern firms only

use new machines.
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small in machinery markets compared with the North. New and used machinery
prices are determined in northern machinery markets, and both large and small
southern firms face an infinitely elastic supply of new and used machines at those
prices. In the South large firms have sufficient skills to absorb new technology
(high y). They face sufficiently high wages and low interest rates so that, at the
prices of new and used machines determined in the North, large southern firms
would opt for new machines, as UL < UN. Small southern firms, in contrast, have
relatively low y and face high interest rates and low wages. Thus the indifference
price of small southern firms exceeds that of northern firms (from equation 5),
and small firms buy only used machines. With heterogeneous firms in the South
and homogeneous firms buying at the indifference price in the North, firms in
both the South and the North purchase new and used machines.

In the South small firms' demand for used machines and large firms' demand
for new machines depend on the demand for their output. Suppose that small
and large firms' products (Xs and XL, respectively) are imperfect substitutes, are
nontradable, and have downward-sloping demand functions P(Xi). The demand
for used machines by small southern firms must be consistent with the zero-
profit condition:

(6) P. =XP(XS) _ 1s Po%

where Xs is the quantity of the final product produced and sold by small south-
ern firms, P(Xs) is the price of Xs, and subscript S designates the value of the
variables for small southern firms.

The production function for small southern firms is given by:

(7) Xs = oxqQ.,

where Q. is the quantity of used machines employed by small southern firms.
The demand function for good Xs is given by:

(8) P(Xs) = b - cXs.

Substituting equation 7 into equation 8, and equation 8 into equation 6, yields
the demand function for used machines by small southern firms:

(9) P,, = (ocb - wS/a.)qPS0S - caxq 2fsOsQj'

When Pu > Us, that is, when the price of used equipment is greater than the
indifference price of southern firms, they will not buy any used machines.5 Thus

5. Technology and the cost parameters of large and small firms are assumed to be such that large
southern firms strictly prefer new machines and small southern firms strictly prefer used machines at the
northern supply price, UN. The indifference price of small firms, U5, is the price of used machines at which
small firms are indifferent between producing and not producing. We use a somewhat different notation
to distinguish this concept. We thank an anonymous referee for pointing out this subtlety.
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the inverse demand function (equation 9) must be consistent with the following
condition: P_ > Us when Qu = 0.

Therefore, the demand for used machines among small southern firms is given by:

(10) PU = Us - cocxq 2 Is5 Qu

In equilibrium, because the North is large and pins down the price for used
equipment, UN = PU, and the quantity of used equipment demanded by the South
will be the quantity demanded at the North's indifference price (UN). Thus the
equilibrium quantity of used machines demanded by small southern firms is given
by:

(11) QIJs = US -UN

Equation 11 shows that the quantity of used machines demanded in the South is
greater the larger is the gap between the indifference prices of small southern and
northern firms.

Similarly, the demand for new machines by large southern firms must be
consistent with their zero-profit condition:

(12) P.= P (1 + r WL +-qH-'YLP(XL)qO
a,

where subscript L designates the value of the variables for large southern firms.
Their production function is given by:

(13) XL = YLqQS,

where Qn is the quantity of new machines employed by large southern firms.
The demand function for good XL is given by:

(14) P(XL) = e-gXL .

Substituting equation 13 into equation 14, and equation 14 into equation 12,
yields large southern firms' demand for new machines as a function of the price
of used machines:

(15) Pu Pn(1+rL) (YLe -1o+gY2q oQDL.
a,n

When P, < UL, that is, when the price of used equipment is less than the indif-
ference price of large southern firms, large southern firms will not buy new ma-
chines. Thus the inverse demand function (equation 15) must be consistent with
the following condition: P, < UL when QDL = 0.

Therefore,

(16) PU = UL + gYLq20QD
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Again, the equilibrium price of used equipment is the northern indifference price
(UN). Thus the equilibrium quantity of new machines demanded by large south-
ern firms is given by:

QDL UN -UL(17) n 9 2

In the South large firms keep new machines for one year and then sell them to
small firms. Small firms can buy used machines from large firms or import them.
In the steady state, large firms' demand for new machines (QDN) will equal their
supply of used machines (QS;L), and the domestic market for used machines in
each southern firm will be in equilibrium when:

( 18M) = QDS - QSL

where MU is the quantity of used machines imported.
The equilibrium quantity of used machines imported by the South will be

determined by the interaction between the northern indifference price, UN, which
defines foreign supply (NN in figure 2), large southern firms' supply of used
machines (equation 17 and LL in figure 2), and small southern firms' demand
for used machines (equation 10 and SS in figure 2). Given equation 18, the quan-
tity of imports of used machines is the horizontal distance between LL and SS at
height NN.6

When the gap between small southern firms' indifference price and the world
price of used machines increases, the shifts in SS and NN generate an increase in
the quantity of used machines demanded by small southern firms. When the gap
between the world price of used machines and large southern firms' indifference
price increases, the shifts in LL and NN generate an increase in the domestic
supply of used machines.

The ratio (ID of used machines imported to total machines imported (esti-
mated empirically in the following section) will then be

->U = M. QDS -QDL QDL
+ QDL DQS QLDS

Therefore,

(1 9) (Du = 1 - (UN - UL )CX2,pS
(Us -UN)gfYL

Equations 5 and 19 show how the share of used equipment imported depends
on the technological complexity of the machine, the technical skills of the

6. Figure 2 was drawn under the assumption that the southern country is a net importer of used
machines because domestic supply is lower than total domestic demand.
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Figure 2. Tbe Marketfor Used Machines in the South

Price I

us , Southern supply

UN Foreign supply

Southern demand

Quantity
QSL QDS

importing firm, relative prices, trade policies, and consumers' demand for final
output.

First, small southern firms' total demand for used machines increases with
technical progress. Indeed, the greater is the technical progress differentiating
new and used equipment (the lower is a,,la), the larger is the Us - UN gap for any
given difference in factor prices. An increase in technical progress lowers the
indifference prices of both northern and southern firms. Both NN and SS shift
downward, and the equilibrium quantity of used equipment demanded in the
South increases. However, because small firms in the South have lower wages,
their indifference price declines less than that of the North.

An implication of this result is that faster technical progress (smaller aI/a,)
will increase the technological gap between northern and southern capital stocks.
The increase in total demand for used machines does not necessarily result in an
equal increase in imports of used machines because the increase in demand can
be counterbalanced partly by the downward shift of LL. If wages in large south-
ern firms are higher and interest rates are lower than those in the North, the
downward shift in LL will be greater than the downward shift in NN, and the
domestic supply of machines will rise. However, if the lower indifference price
for large southern firms is due to greater technical skills (higher y), LL will shift
less than NN, and the domestic supply of used machines will decline.
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Second, the net effect of an increase in the downtime of used machines (a
decline in cx) on the indifference prices is the same as the one caused by technical
progress: SS, LL, and NN shift downward, and the net demand for used ma-
chines is expected to increase. Moreover, SS becomes flatter because of the effect
of the decline in output per machine on the equilibrium price of output.7

Third, a lower y (a less-skilled labor force) in small southern firms implies a
higher southern indifference price and therefore a larger demand for used ma-
chines. Indeed, the increase in productivity of new machines will be offset by the
lack of appropriate skills to use them. Equally, a lower y in large southern firms
implies an upward shift in LL and a reduced supply of used machines. Thus
when technical skills in the South are lower, the share of used machines imported
is greater.

Fourth, factor prices and tariffs affect the equilibrium quantity of used ma-
chines in the expected directions. A relative increase in northern wages lowers the
northern indifference price, increases the quantity of used machines demanded
by small southern firms, and reduces the domestic supply of used machines.8 The
share of used machines imported increases. Indeed, the price of used machines
would decline more than southern returns from used machines. The opposite
occurs when there is a relative increase in southern wages. If wages in small
southern firms increase, the domestic demand for used machines declines. If wages
in large southern firms increase, the domestic supply of used machines increases.
For the same reason, a decline in northern interest rates raises the equilibrium
quantity of used machines bought by the South.

Fifth, the choice of machines also is affected by demand for the two products
XL and Xs. If consumers' preferences shift toward one of the two products, the
demand for machines will change accordingly. This effect is captured by param-
eters c and g in the two demand functions.

II. DETERMINANTS OF TRADE IN USED EQUIPMENT

In this section we apply the model to data on U.S. exports. U.S. export data on
some types of vehicles, equipment, and machinery are sufficiently disaggregated
to distinguish between new and used goods. We concentrate on U.S. exports of
metalworking machine tools in 1990-94, disaggregated by commodity classifi-
cation, whether they are new or used, and country of destination. The sample
covers 38 types of metalworking machines, aggregated to the six-digit level in the
Harmonized System, that are exported to 23 countries.

Different types of metalworking machine tools require different types of skills.
Manual machines are operated by skilled workers or craftspeople. Numerically
controlled machines are operated by both technicians and unskilled workers.
Machining centers are even more complex, demanding higher-level technicians

7. In equations 11 and 18, a is multiplied by c, which is the slope of the demand function of Xs.
8. This holds if (xa. /ya,) < 1, from equation 5.
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Table 1. The Skill Requirement Index
Value of index Minimum level of worker required

1 Unskilled labor
2 Skilled craftspeople
3 Technicians
4 Higher-level technicians, engineers

Source: Authors' calculations.

and engineers. Furthermore, machines with higher skill requirements tend to have
a faster rate of technological change. Thus firms upgrading from manual to nu-
merically controlled machines must change their endowment of skills. This re-
quirement probably explains why only 25 percent of new investments in machine
tools made in the United States between 1985 and 1989 were in numerically
controlled machines, although U.S. manufacturers started investing in these types
of machines in the early 1970s (Oliner 1993).

With the guidance of an engineer intimately familiar with the complexities
and skill requirements of each type of machine, we developed a skill index for
each 10-digit export category, reflecting the degree of skill required to operate
that type of machine. The value of the index ranges from 1 to 4, increasing with
the level of skill required (table 1). Looking at the shares (by quantity) of used
machinery in total imports of machinery from the United States, we see, as ex-
pected, that low-income countries import a higher ratio of used to new machin-
ery (table 2). But the variation in the shares of machines imported secondhand is
not huge (between roughly 10 percent for high-income countries and about 24
percent for low-income countries). The average skill index of imported machin-
cry is higher for high-income countries than for low-income countries, but again
the difference is not large. If we divide machines into high-tech (skill indexes 3
and 4) and low-tech (skill indexes 1 and 2) categories, the same pattern emerges.
The ratio of used machines to new machines imported is greater for low-income
countries than for high-income countries. In addition, the share of equipment
imported secondhand is larger for high-tech than for low-tech machines.

These figures provide some empirical support for our hypotheses on trade in
used equipment. However, they do not tell us which of the factors cited as deter-
mining the choice between new and used machines are significant. To cast some
light on this issue, we use econometric analysis.

For each category of machinery we estimate the share of used machinery in
total U.S. exports to each importing country as a function of variables specific to
the importing country (trade barriers and levels of education and development),
variables specific to the machines (skill level required and a proxy for the rate of
technical progress), and a variable combining both country and machine factors
(wage-rental ratio). The basic estimating equation is:

(20) QU = (x0 + clxWil + (X2Tii + cx3S + ci4Ej + tx5ti; + + vi1.
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Table 2. Imports of Metalworking Machine Tools from the United States
Ratio of Ratio of used to new

used to new machinery imported
Importing machinery Average Low skill (skill High skill (skill
countries a imported indexb indexes 1 and 2) indexes 3 and 4)

High-income 0.096 2.93 0.082 0.296
Middle-income 0.112 2.71 0.095 0.339
Low-income 0.235 2.63 0.159 0.526

a. High-income countries have GDP per capita greater than $12,000, middle-income countries have GDP

per capita between $1,300 and $12,000, and low-income countries have GDP per capita less than $1,300.
b. Weighted average by value of shipments.
Source: Authors' calculations.

where Qq is the quantity of used machinery of type i exported to country j as a
proportion of total machinery of type i imported by country j between 1990 and
1994; Wiq is the wage-rental ratio, which is log {wj / [Pi (ij + d)]3, where w; is the
average annual wage in dollars (1990-94), P,is the unit value of new machinery
of type i, is is the average real interest rate in country j, and d is the depreciation
rate (assumed to equal 10 percent);9 Yj is gross domestic product (GDP) per capita
in dollars in country j (1990-96 average); Tij is the percentage difference between
the unit values of new and used machinery of type i imported by country j, which
we use as a proxy for the rate of technological change; Sii is the average skill
requirement index for machines of type i exported to country j; E, is the educa-
tion level in country j, measured by average years of schooling (over 1990-96); t1,
is the tariff rate on imports of machinery of type i in country j; and v,; is the
disturbance term. See the appendix for data sources.

Consistent trade data for new and used machinery are available only as far
back as 1990.10 Many country-specific variables are not available for all of these
years, so we aggregate the five years. We use total U.S. exports of each commod-
ity classification to each country in 1990-94 for trade flows and average obser-
vations on the other variables across the five years or over the largest number of
years for which we have observations.

We estimate two versions of the model, including and excluding per capita
GDP as a general indicator of development (table 3). Initial estimates using the
ordinary least squares (OLS) estimation method (which are not reported) posed
heteroskedasticity problems because the variance of the error term is decreasing
with the share of imports of machines of type i in total imports of country j.
Indeed, when the share is lower, imports of a given machine are less stable. We

9. The results were not sensitive to experiments using depreciation rates of 7.5 and 12.5 percent. In
earlier versions of this article we attempted to use wages or ratios of wage to interest rates rather than the
more appropriate ratio of wage to rental rates. The estimated coefficients of these variables were uni-
formly insignificant at standard confidence levels.

10. A reclassification of the export data in 1990 created a break in the series, so although data on used
machinery exports are available for previous years, they are not based on exactly the same commodity
classifications.
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Table 3. Determinants of Imports of Used Machinery
la lb 2a 2b

Variable Weighted OLS White corrected Weighted OLS White corrected

Constant 0.602*** 0.467*** 0.504343*** 0.491***
(5.047) (3.507) (3.048) (2.810)

Wage-rental ratio -0.024* -0.026** -0.02782** -0.025*
(-1.928) (-2.078) (-2.103) (-1.947)

Technical change 0.066*** 0.057*** 0.064734*"" 0.058***
(5.803) (4.985) (5.638) (4.938)

Skill requirement 0.051** 0.047* 0.046061* 0.048*
(2.206) (1.795) (1.796) (1.813)

Education -0.043**" -0.013 -0.047299*** -0.011
(-3.314) (-0.975) (-3.379) (-0.723)

GDP per capita 0.021825 -0.005
(0.857) (-0.212)

Tariff -0.003* -0.0001 -0.003028" -0.001
(-1.736) (-0.632) (-1.751) (-0.627)

Adjusted R2 0.3974 0.3464 0.3967 0.3436
F-value 30.941 25.066 25.876 20.804
Number of observations 228 228 228 228

*Significant at the 10 percent level.
"Significant at the 5 percent level.
* "Significant at the 1 percent level.

Note: The dependent variable is the share of machinery imported secondhand. t-statistics are in
parentheses. Data are for imports of U.S. metalworking machines for 1990-94.

Source: Authors' calculations.

correct for heteroskedasticity using two methods. The first is a weighted least
squares method, using as weights the share of imports of machines of type i in
total imports of country j. Because this method may generate endogeneity prob-
lems that risk introducing spurious correlation, we also use White's method of
correcting standard errors in the presence of heteroskedasticity.

As expected, the results for all of the equations indicate that factor costs affect
the choice between new and used capital equipment. An increase in the wage-
rental ratio shifts imports toward new and away from used machines.

The results also indicate the importance of technological and skill factors in
the choice between new and used equipment. The positive and significant esti-
mated coefficient of the machine-specific skill index indicates that the more high-
tech are the machines, the greater is the proportion of equipment imported sec-
ondhand. The performance of the machine-specific skill variable is strong and
robust across all versions of the estimated equations. The results also indicate
that the faster is the rate of technical progress (as measured by our proxy, the
percentage drop between new and used equipment prices), the larger is the share
of capital equipment imported secondhand.

The rationale behind using the price differential between new and used ma-
chines as a proxy for the rate of technical progress is that greater improvement in
a new machine results in a greater drop in the market price of the previous model.
We recognize, however, that this measure is an imperfect proxy because the gap
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between the prices of new and used machines could be influenced by other fac-
tors, such as asymmetric information (the "lemon" phenomenon). In addition,
the measured technology variable could include variation in the average price of
a given type of machinery across countries as well as variation across types of
machines. Machines in the used category could range from barely used to barely
usable. For countries that choose very old (and therefore much cheaper) ma-
chines, the relative price of new machines will be high. Thus the estimated coef-
ficient may be biased because the measured technology variable could be corre-
lated with the factors that make the country more prone to select used machines. 11

Bearing in mind these caveats, the evidence that technological factors are impor-
tant in the choice of new or used machinery should be interpreted with some
caution.

The estimated coefficient of the country-specific, skill-related education vari-
able has the expected sign and is significant in the weighted OLS estimations, but
not in the equations estimated using White's corrected standard errors. The edu-
cation variable was measured as average years of schooling, which may be too
general to capture the extent of technical training. We include GDP per capita as
another potential measure of a country's technological development, but the re-
sults are insignificant.12 The results for the tariff variable are somewhat disap-
pointing. The model predicts that tariffs on machinery, by increasing the cost of
capital to the firm, would encourage firms to opt for more labor-intensive used
machinery. Yet the estimated coefficient of the tariff variable is negative and at
times significant.13

III. CONCLUSIONS

Developing and transition economies frequently discriminate against imports
of secondhand goods, including production machinery. The literature on this
issue points out that these restrictions are costly because they deny firms access
to older equipment, which is usually more labor intensive than new equipment
and thus more appropriate for low-wage countries. In this article we developed a
model that extended the established approach to take into account technological

11. We thank an anonymous referee for this point. This bias could possibly be corrected by using
U.S. domestic data on the new-to-used price differential across different types of machines to construct
the proxy for the technical change variable. Unfortunately, even if these data were readily available,
difficulties and uncertainties in constructing a cross-classification between domestic and export prod-
uct categories would render the results questionable.

12. In principle, problems of multicollinearity may emerge between the education and GDP per
capita variables. All the same, given the broader meaning of the GDP variable, we keep both variables
in the equation.

13. We also included a dummy variable for the existence of nontariff import barriers on used machin-
ery, but we dropped it from the equation because the sign of the estimated coefficient was inconsistent and
the coefficient was never significant. The lack of significance may have been due to incomplete data. The
variable was generated using reports of the existence of nontariff barriers on used machinery in various
surveys of trade policy in the countries in the sample, but some barriers may not have been reported.
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progress embodied in new machinery and skill constraints faced by firms in de-
veloping countries. We tested hypotheses based on the model using data on U.S.
exports of new and used metalworking machinery, differentiated by country of
destination.

The results tend to corroborate the view that demand for used equipment is
relatively high in lower-income developing countries. The proportion of each
type of machinery bought secondhand is especially high for high-tech equipment
requiring more sophisticated operating skills. Econometric tests of the determi-
nants of the trade in used machinery indicate a significant role for relative prices,
but also for technological and skill factors. Our results provide some support for
the hypothesis that the absorptive capacity of a country (the ability to master a
new technology) affects the choice of type and vintage of machines.

The finding that developing countries buy a larger share of old vintage ma-
chines when machines have a high rate of technological progress may be of
some concern because it implies that the technological gap between the North
and the South is likely to increase with faster technological progress. What
policies can reduce the risk of a growing technology gap? The traditional criti-
cism of restrictions on imports of used equipment is that such restrictions deny
firms access to more appropriate labor-intensive techniques embodied in older
vintage machinery. Our model and results indicate that, in addition, such re-
strictions force firms to buy more expensive new equipment that they may not
be able to operate at full efficiency because of skill constraints in the labor
force. Instead of imposing restrictions on used machinery imports, countries
should concentrate on fostering education (particularly technical education) in
an effort to improve the overall investment environment and firms' capacity to
absorb new technologies.
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APPENDIX: DATA DESCRIPTIONS AND SOURCES

Variable Description Source

Qij Quantity of used machinery of type i U.S. Department of Commerce, Bureau
exported to country j as a proportion of of the Census, Exports of Merchandise
total machinery of type i imported by CD-ROM
country j, 1990-94

11j Average annual wage in country j in United Nations Industrial Development
dollars, 1990-94 Organization, Industrial Statistics

r1 Average real interest rate in country j International Monetary Fund,
International Financial Statistics

TII Depreciation of machinery of type i Calculated from export data from U.S.
imported by country j, measured as the Department of Commerce, Bureau of
difference between the logs of unit values the Census, Exports of Merchandise
of new and used machinery CD-ROM

Sli Skill requirement index for machines of Based on classification by Anthony
type i exported to country j Bratkovich, engineering director of the

U.S. Association for Manufacturing
Technology

1iB GDP per capita in dollars in country j World Bank data
(1990-96 average)

E Education level in country j, measured World Bank database (STARS)

by average years of school (over 1990-
96)

t.. Tariff rate on imports of machinery of World Bank data
type i imposed by country j
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An Argument for Deregulating the Transfer
of Agricultural Technologies

to Developing Countries

David Gisselquist and Jean-Marie Grether

In the past few decades many developing countries have liberalized trade and invest-
ment, removing barriers to imports and allowing the introduction of new foreign tech-
nologies. Unfortunately, agriculture often remains outside this reform process. Regula-
tory obstacles continue to restrain the transfer of technologies through private trade in
seeds and other inputs. Industrial countries characteristically allow the transfer of pri-
vate and public technologies through multiple channels. Developing countries often force
technology transfer through a single channel controlled by government agencies, with
an emphasis on official performance tests. This article analyzes the institutional arrange-
ments governing the international transfer of new agricultural technologies, examining
the cases of agricultural machinery in Bangladesh and seed varieties in Turkey. The
analysis shows that allowing the private transfer of technologies and refocusing input
regulations on externalities could lead to significant productivity and income gains in
developing countries.

In the past several decades many developing countries have liberalized their trade
and investment regimes by eliminating barriers to imports and allowing in new
foreign technologies. Some recent models suggest that the efficiency gains from
relaxing trade restrictions on production inputs could be substantial (for example,
Romer 1994). Unfortunately, agriculture often remains outside this reform pro-
cess. Regulatory obstacles continue to impede the transfer of technologies through
private trade in seeds and other inputs. With limited access to new technologies,
many farmers in developing countries continue to rely on traditional or old crop
varieties, inefficient livestock breeds and feeding technologies, and older and more
dangerous pesticides. Barriers to the introduction of agricultural technologies are
particularly worrisome for low-income countries that depend heavily on agricul-
ture. And removing existing barriers may lead to substantial productivity and
income gains. For example, in industrial countries plant breeding boosts poten-
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tial maize yields about 0.7 percent a year; in developing countries, where breed-
ing has been less intense to date, the potential impact of new maize hybrids can
be much greater.

This article addresses two questions regarding the transfer of technologies in
developing countries: what are the institutional obstacles to the transfer of tech-
nologies mediated through the market, and are they based on convincing argu-
ments? Apart from general import and investment barriers, whose consequences
have been widely documented, many governments impede the private transfer of
technologies in agriculture with specific regulations that block the sale of in-
puts-whether imported or domestically produced-except for technologies that
they have approved after a review process that includes official performance tests.
The impact of performance-based input regulations on productivity and income
has not been measured for developing countries. If such regulations were benign
or beneficial, countries that deregulated would not show any changes in technol-
ogy flows, input sales, or productivity growth.

This article looks at two case studies-agricultural machinery in Bangladesh
and seed varieties in Turkey. It asks whether regulatory reforms brought dra-
matic gains in technology transfer, input trade, and productivity. We note that
markets should not be totally liberalized because any policy reform must explic-
itly consider safeguards to limit externalities. Specifically, we do not challenge
performance-based tests for conventional pesticides and other inputs with sub-
stantial public health or environmental externalities.

1. THE GENERATION AND TRANSFER OF TECHNOLOGIES IN AGRICULTURE

Agriculture has become a high-technology field, with rapid advances in crop
and livestock genetics, pest and livestock management, and machinery. For many
field crops the average market life of a variety is no more than five to seven years,
and for vegetables it can be as short as two years. The use of conventional pesti-
cides-broad-spectrum poisons-is giving way to a range of relatively low-risk
pest management techniques (for example, insect growth regulators, pheromones,
microbial pesticides, and inoculants).

Concurrently, private research has become more important. In the United States
the private share of agricultural research expenditures, which was less than 50
percent in the mid-1980s, increased to 56 percent in 1992 (Clive 1996). Esti-
mates for 1993 show that in most industrial countries the private sector provided
more than 50 percent of agricultural research funds. This share was highest in
the United Kingdom, at 62 percent (Alston, Pardey, and Roseboom 1998). In
some areas, such as biotechnology, most research is financed by private sources.

Public research in industrial countries has responded to increases in private
research by moving upstream into basic research that private companies can build
on to develop new technologies for market application. Also, universities and
other public research organizations have been applying for intellectual property
rights and then selling or licensing new technologies to private companies. The
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global trend toward stronger intellectual property rights, as evident in the World
Trade Organization agreement on Trade-Related Aspects of Intellectual Prop-
erty Rights (TRIPS), promises further increases in the private sector's share of ag-
ricultural research and the generation and transfer of technologies.

The recent upsurge in private sector research comes at a time when many
donors and developing-country governments have been restraining-if not cut-
ting-their budgets for international and national public agricultural research.
Threats to public research in developing countries raise strong concerns among
agricultural experts. Alston, Pardey, and Roseboom (1998) note that private re-
search spending in developing countries is seldom more than 10-15 percent of
total agricultural research budgets. Returns to some types of agricultural research-
for example, crop management to reduce losses to pests-are not appropriable,
and hence private companies underinvest in them. Furthermore, evidence accu-
mulated over decades shows high social returns to public investment in agricul-
tural research (see Alston and others 1998).

The debate about the appropriate role of the state in agricultural research is
background to this article, particularly the sections discussing the institutional
framework (section II) and policy implications (section IV). For example, Byerlee
(1998) discusses a new paradigm for national agricultural research systems, and
Pray and Umali-Deininger (1998) assess the ability of the private sector to compen-
sate for declines in public funding. However, the scope of our study is limited to
international technology transfer, with a particular emphasis on performance tests.
Taking the above trends as given, we focus on the specific problem of farmers'
access to new technologies, whether they originate from public or private research.

The issue of access to foreign technologies is particularly important because,
as in other high-technology fields, agricultural technology is now international.
Leading countries continually borrow and build on research from other coun-
tries. Technologies move among people, organizations, and countries through
publications, discussions, licensing agreements, and international sales. Despite
some instances of institutional collaboration (for example, between international
centers within the Consultative Group on International Agricultural Research,
CGIAR), there is no master plan for research and dissemination. Coordination is
achieved mainly through communication and marketing.

The mode of international technology transfer differs according to the types
of inputs. Direct transfers through imports are common for high-value seeds,
such as hybrid vegetables, new proprietary pesticides, and engine-powered
machinery. In-country production using an imported design developed from for-
eign research also is common, particularly in large countries, for seeds of
field crops (for example, a company may import breeders' seed to multiply in-
country), out-of-patent pesticides, vaccines, or simple livestock feed additives.
Finally, local research may adapt foreign technologies (for example, germ plasm
or machinery) to local conditions; this can be particularly important for some
categories of technology that depend on local crop management practices, such
as integrated pest management.
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Whatever the source, most new technologies reach farmers through marketed
inputs. New varieties are embodied in seeds, new pest management technologies
in pesticides or spraying equipment, and new feed technologies in pre-mixes.
Companies extend technologies to farmers through test plots, demonstrations,
and dealers. However, the diffusion of technologies has been uneven. Many de-
veloping countries lag behind, in part because of self-imposed barriers to the
introduction of private agricultural technologies.

II. CHANNELS FOR TRANSFERRING TECHNOLOGIES

Although regulations governing the transfer of agricultural technologies and
the trade of inputs vary widely across countries, it is useful to identify two styl-
ized patterns. Access to new technologies may come either through multiple chan-
nels, with regulations focusing on externalities, or through a single channel, with
regulations based on performance tests. After characterizing this basic distinc-
tion, we discuss why the single-channel system, in spite of its restrictiveness, is
still in force in many developing countries.

Two Institutional Frameworks

In industrial countries (and in some developing countries) governments main-
tain liberal trade regimes for foreign and domestic inputs, allowing multiple chan-
nels for the introduction of new technologies. Companies, universities, nongov-
ernmental organizations, and government research institutes introduce new inputs
that embody new technologies from their own or foreign research (figure 1).
Governments regulate inputs to limit externalities (for example, by not approv-
ing dangerous pesticides), but otherwise allow companies to market new tech-
nologies, trusting that farmers and companies interacting through markets will
be able to chose those that are most efficient.

Although all industrial countries allow multiple channels for introducing tech-
nologies, there are some differences in regulatory systems. In the European Union,
for example, each member government tests plant varieties for performance and
automatically accepts varieties approved by any other European Union govern-
ment without further tests. By contrast, the United States, India, and some other
countries allow the sale of seed without variety registration or official perfor-
mance tests; registration is available, but optional. Despite some differences and
special cases, regulatory systems in industrial countries share the same underly-
ing logic, allowing markets to evaluate performance, while focusing regulations
on externalities. This liberal approach to technology transfer is appropriate for
agriculture, a field with rapid technical change and for which local conditions are
critical in shaping the impact of new technologies.

In contrast to the market-friendly regulatory regimes common in industrial
countries, many developing and transition countries strictly limit market access
for new agricultural technologies. Restrictions are most common and problem-
atic for seeds, but they also may interfere with machinery, fertilizers, low-risk
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Figure 1. Multiple Channels for New Agricultural Technologies
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Note: NARS are national agricultural research systems. CGIAR is the Consultative Group on International
Agricultural Research. CGIAR centers are the international Rice Research institute (IRRI) and other
international agricultural research centers associated with the CGIAR. NGOS are nongovernmental
organizations.

pesticides, feed mixes, and other items. Many developing countries maintain posi-
tive lists of allowed inputs, even those for which externalities are not a serious
concern. For example, many countries list allowed plant varieties, and some also
list allowed models of machinery, compositions of fertilizers, and feed mixes
based on official performance tests. Bhagwati (1978) and Krueger (1978) de-
scribe positive lists, which are common in foreign trade regimes that use quanti-
tative restrictions. Positive lists are far more restrictive than negative lists, which
allow anything not listed.

For most inputs environmental or public health concerns can be addressed
with negative lists. For example, instead of approving each feed mix, govern-
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ments can simply ban or limit potentially dangerous components, such as hor-
mones. Although positive lists are standard across all countries for pesticides and
veterinary medicines, countries differ in the conditions for registering new prod-
ucts. Many developing countries limit new products in ways that restrict compe-
tition and entry. For example, in 1984 Indonesia decreed that no more than three
companies could sell pesticides with any particular active ingredient.

With regulations and policies that make it difficult for companies to enter and
to operate, many developing countries effectively block almost all transfers of
private technologies for seeds and other major categories of agricultural inputs.
Thus government agencies are left as the dominant or only channel for technol-
ogy transfer (see figure 2). Under this system a centralized government research
establishment identifies new varieties and other new technologies, parastatals
produce or import and sell inputs, and extension agents encourage farmers to
take what is offered. Often a single-channel system operates for some, but not
all, inputs.

Figure 2. Single Channelfor New Agricultural Technologies

F CGIR F~;oreign
c NARS sourc

Government committees that evaluate and approve new agricultural
technologies based on performance

Input parastatals

Farmers

Note: NARS are national agricultural research systems. CGIAR is the Consultative Group on International
Agricultural Research. CGIAR centers are the International Rice Research Institute (IRRI) and other
international agricultural research centers associated with the CGIAR.
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A single-channel system severely constrains the flow of new technologies. In
many developing countries with single-channel systems farmers are offered an
average of less than one new seed variety a year for each major crop, while farm-
ers in countries with multiple channels may see dozens of new varieties each year
for a single major or minor crop or vegetable. Even where private companies are
able to operate, regulatory costs limit the transfer of private technologies. Regu-
latory costs are particularly troublesome in small markets-small countries or
minor crops-where companies may judge that registering a new technology is
not worth the effort, leaving farmers with no access.

Arguments for Single-Channel Systems

Many developing-country governments and donor experts continue to pro-
mote, endorse, or accept single-channel systems and performance-based regula-
tion of inputs, despite their limitations. The standard argument sustaining this
position is that deregulation would lead to the diffusion of unsatisfactory inputs
because farmers either lack the necessary information to discriminate or are sus-
ceptible to false marketing. Thus farmers should be protected from those who
"might try to market an unsatisfactory variety simply to recoup breeding costs"
(Kelly 1989: 43). Apart from underestimating the capacity of farmers to learn
about inputs at a low cost, this argument is debatable on several counts. If lack of
information is the issue, there certainly are more efficient ways to address it than
through a registration process that limits the range of available inputs. More-
over, fears that giving farmers more choice will encourage the spread of inferior
varieties-or fertilizer compositions or feed mixes-are not supported by experi-
ences in India and other countries that allow the sale of untested seed varieties.

In some cases, such as that of low-risk pesticides, excessive reliance on perfor-
mance tests may even exacerbate externalities. Conventional broad-spectrum
poisons, which kill a wide range of pests outright, but which also threaten public
health and cause environmental damage, are easy to manage in efficacy tests and
have large markets for multiple pests. Nontoxic biopesticides that interfere with
insect mating or maturation can be more difficult to manage, so that results from
efficacy tests are misleading. In addition, they may be limited to specific insects
and crops. Forcing low-risk pesticides to pass expensive efficacy tests can leave
farmers with limited access to low-risk products (see Benbrook and Gisselquist
1996).

Many donor experts see deregulation to allow the introduction of private tech-
nologies as either irrelevant or threatening. Evenson and Westphal (1995: 2248-
49) assert, "Important forms of adaptive agricultural R&D require a substantial
commitment of resources dedicated to developing techniques for a particular set
of agronomic conditions." This line of reasoning leads to the conclusion that
deregulation has minimal impact because the private sector does little research in
developing countries and offers few suitable technologies. However, casual ob-
servation shows that pesticides, fertilizers, machinery, livestock feeds, and breeds
can move across borders. Recent studies of multinational adoption of CGIAR rice
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and wheat lines bred in Mexico and the Philippines show that crop varieties also
move across borders (Maredia, Ward, and Byerlee 1997; Evenson and Gollin
1997).

Another common reservation about deregulation among donor experts is that
private technology transfer might somehow undermine public funding or public
research. This reservation is difficult to argue against because it is not rational. A
decision to allow more private technologies through deregulation is essentially
costless to the government. It would be entirely independent of any other govern-
ment or donor decision about the extent of funding for public research. Even if
deregulation leads to private technologies taking over some agricultural activity
(for example, private fertilizer dealers could design compounds for particular
crops and regions), public scientists could continue to work on whatever projects
the government and donors support (for example, testing soils and fertilizers,
presenting farmers with competing advice). If industrial countries serve as a guide,
systems with multiple channels have more advanced agricultural technologies
and higher levels of public research as a share of agricultural gross domestic
product (GDP) than single-channel systems. Hence, to think of public research
and private technology as an either-or choice is misleading; they are better thought
of as complements.

Persistent Regulation of Technology Trade

The case for single-channel systems seems to be weak. However, single-channel
systems have significant support among developing-country governments. This
persistence may be explained by the influence of the beneficiaries of such systems.
In some cases private monopolists or oligopolists may oppose opening the door
to competition. An example is the Bangladeshi company that was the exclusive
distributor of the only Chinese power tiller approved for import. The company
suffered in 1989 when reforms allowed competing low-cost models to enter the
market (see section III). Similarly, pesticide companies in Zimbabwe benefit from
regulations requiring three years of (redundant) in-country efficacy tests for com-
peting brands of old and out-of-patent pesticides. And in several Central Euro-
pean countries spokespersons for seed companies that have large market shares
privately favor the compulsory registration of varieties to hold off competing
firms.

However, the strongest call for governments to limit the transfer of private
technologies characteristically comes from public sector scientists. Public sector
scientists can be influential far beyond their numbers. They are the gatekeepers in
a single-channel system. Often prestige and concerns about job security seem to
be the major issues, although some scientists may also receive monetary benefits
from testing fees or from bribes.

In countries with single-channel systems public sector scientists not only have
blocked private technologies, but also have blocked technologies from CGIAR cen-
ters. For example, for several years in the 1960s government scientists in India
and Turkey refused to approve dwarf wheat varieties from the International Maize
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and Wheat Improvement Center (CIMMYT), despite clear evidence of superior
yields from field tests. In India government scientists reportedly falsified field test
results to avoid having to approve CIMMYT wheat. Presumably, the scientists
wanted to breed their own varieties, crossing CIMMYT and local wheat. However,
breeding takes time; regardless of what is planned for local breeding, it makes
sense to give farmers access to good varieties that are already available. In both
countries donors helped to bring the issue to the attention of senior government
officials, who pushed through the approval of CIMMYT varieties against domestic
objections.

Bowing to the wishes of scientists in national agricultural research systems, the
International Rice Research Institute (IRRI) and other CGIAR centers have adopted
and maintain the fiction that they do not release varieties, but rather lines, which
the national agricultural research systems then further develop into varieties. It is
true that research systems play a large and positive role in introducing and adapt-
ing CGIAR technologies. However, many CGIAR lines are suitable for release and are
widely released by the research systems after adaptive trials only, without further
breeding. Incredibly, most CGIAR lines are illegal in many if not most developing
countries-because scientists from the national agricultural research systems have
not approved them for lists of registered and allowed varieties.

Donors also have supported single-channel systems, but their logic and mo-
tives are not clear. Allowing the introduction of private technologies in agricul-
ture is consistent with widely accepted patterns in other sectors, such as comput-
ers and software, where private technologies move without government approval.
However, donors have a history of paying special attention to agriculture, in-
cluding a long involvement with public sector scientists in CGIAR centers and
national agricultural research systems. Recently, public agricultural research has
been under attack from budget cutters, despite continuing high returns to invest-
ment. Maintaining existing public research capacity is thus a challenge that le-
gitimates and absorbs a significant share of donor effort and attention. But here
again, there should be no confusion between the necessity of preserving public
research and the gains from deregulation.

III. THE IMPACT OF DEREGULATION: Two CASE STUDIES

Although the effects of trade liberalization are widely documented, there is
little evidence on the impact of performance-based regulations. Two studies of
industrial countries suggest that losses in terms of forgone income may be huge
for cotton in California (Constantine, Alston, and Smith 1994) and for wheat in
Canada (Ulrich, Furtan, and Schmitz 1987). To our knowledge, no similar esti-
mates exist for developing countries. However, based on a sample of 50 mostly
developing countries, Pray and Echeverria (1988) find that seed imports and pri-
vate research are significantly correlated with maize yields.

One research strategy to measure the impact of deregulating inputs is to work
with aggregate data, comparing levels or growth rates of agricultural production
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or total factor productivity across countries or over time. The most convincing
cross-country argument is trivial: no research is required to establish that indus-
trial countries as a group have more open and competitive input industries and
higher levels of agricultural technology and production than low-income devel-
oping countries. However, it is difficult to interpret cross-country comparisons
of growth rates because countries with restrictive systems can show fast growth
from a low and constrained base (resulting in part from many years of obstructed
technology transfer). Also, regulatory systems are varied and complex, so it takes
time to understand what is going on in any one country; the result may be diffi-
cult to express numerically for econometric analysis. Another set of problems
undermines intertemporal models that use aggregate data: changes in the regula-
tion of inputs often occur in conjunction with other macroeconomic and
microeconomic reforms. It can be difficult to disentangle the impacts of these
reforms, along with climate and other factors, from the impact of regulatory
reforms.

In this section we trace the impact of regulatory changes in Bangladesh and
Turkey on technology transfer for a particular input, then on input sales, and
finally on specific agricultural activities or outputs. These case studies are not
designed to measure the aggregate impact of regulatory reforms on all of agricul-
ture, but rather to show that reforms have a positive and not insignificant impact
on selected outputs or activities. Therefore, if production increases with deregu-
lation, then regulations on balance do not protect farmers from inferior tech-
nologies, and regulations are not irrelevant.

Agricultural Machinery in Bangladesh

The case of agricultural machinery in Bangladesh before reform constitutes an
almost ideal illustration of the single-channel system. Prior to reform in the late
1980s, the Ministry of Agriculture listed "standardized" (tested and approved)
models of diesel engines for irrigation and power tillers. The Bangladesh Agricul-
tural Development Corporation, a parastatal, imported listed engines and sold
them at subsidized prices. Models not on the list could not be imported.

Reform arrived in 1988-89. Along with modest tariff cuts on diesel engines
for irrigation (from 15 to 0 percent), the Ministry of Agriculture did away with
lists of engines standardized for irrigation, allowing all models. Subsidized
parastatal sales continued for several years, but farmers increasingly shifted to
private traders, who offered convenience along with a wide range of low-cost
models. By the end of 1991 private traders clearly dominated the market. Regu-
latory reform-allowing the private import and sale of new and less-costly mod-
els of diesel engines and power tillers from China-was followed by a sharp
increase in the sale and use of imported machinery.

Regulatory reform allowed farmers to choose cheaper equipment (see table 1).
The retail cost for the most common minor irrigation investment (a 12 horse-
power engine and a 100 millimeter diameter tubewell for lifting groundwater)
fell below $500 by the end of the 1980s, less than half what it had been with
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Table 1. Impact of Deregulation of Imports of Agricultural Machinery in
Bangladesh, 1988-96
Type of input Fall in retail price Impact on farm use

Diesel engines for minor irrigation More than 50 percent Increase of 170 percent over eight
years in the number of small
pumps operating (extending new
irrigation to an estimated 16
percent of gross cropped area)

Power tillers More than 40 percent Machinery cultivation extended
from 0 percent in 1988 to 15-40
percent of cultivated area,
depending on the season

Note: Regulatory reforms (1988-89) included trade liberalization of agricultural machinery and the
suppression of compulsory registration.

Source: Government of Bangladesh, Ministry of Agriculture (1995a, b) and authors' calculations.

subsidies in 1981-82. After the reform minor irrigation expanded at record rates.
From 1988 to 1996 the number of small power pumps lifting ground or surface
water for irrigation increased by 170 percent, or 390,000 units, delivering new
irrigation to roughly 16 percent of the gross cropped area (assuming that each
new pump irrigated an average of 4 hectares). Markets also moved toward smaller
equipment (4-8 horsepower engines and 75-1 00 millimeter diameter tubewells).

The 1988 pre-reform list of standardized power tillers included only one low-
cost model from China (cost, insurance, and freight [CIF] import price about
$1,000), one from the Republic of Korea (CIF about $1,700), and about 10 oth-
ers from high-cost sources (CIF well over $2,000). Dealers for the two low-cost
models dominated trade, taking advantage of limited competition to sell them
for more than $2,000; with no duties in late 1988, dealers realized large profits.
When standardization ended, multiple models from China, with CIF near $1,000,
entered the market, and competition soon cut the retail price to about $1,300.
Before the reform power tillers were so rare that an observer typically would not
see any during a multi-day tour of rural areas. By 1996 power tillers prepared an
estimated 15-40 percent of the land for cultivation, depending on the season
(based on power tiller imports and assuming that each power tiller lasts five
years and cultivates 25 hectares in a season).

Seed Varieties in Turkey

A 1963 Turkish seed law gave the Ministry of Agriculture authority over seed
production and trade. Through regulations based on the law, the Ministry made
variety registration and in-country performance tests compulsory for most crops,
set seed prices annually, and extended import and export controls well beyond
phytosanitary concerns. In practice, the Ministry limited the approval of vari-
eties for most field crops to those sponsored by government research agencies;
for vegetables, it allowed only a limited range of private varieties.
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At the beginning of the 1980s difficulties with Turkey's single-channel system
included widespread smuggling of vegetable seeds, failure to popularize hybrid
maize, and expensive government agencies serving no more than 10 percent of
the planted area. The government consequently revised seed policies to encour-
age private participation in seed production and trade. Between 1982 and 1984
the government removed seed price controls, relaxed foreign investment con-
trols, and eased (but did not entirely dismantle) compulsory registration of vari-
eties by reducing testing requirements and allowing private companies to con-
duct their own tests.

Reforms brought large increases in the number of varieties allowed for sale, as
well as rapid expansion of participation by private companies (see table 2). Be-
tween 1982 and 1994 the number of allowed varieties increased 670 percent for
hybrid maize, 2,400 percent for hybrid sunflowers, and 3,400 percent for soy-
beans. Most of these new varieties were direct transfers, often from parts of
Western Europe and the United States that shared the same latitudes. Most were
proprietary varieties, although some came from foreign or international public
research. As a result, the share of commercial seed sales through private compa-
nies soared-in 1993 exceeding 90 percent for maize and sunflower hybrids, soy-
beans, and potatoes. The number of private companies increased from about 5 to
80 in 1980-94. During this period most major seed multinationals established a
presence in Turkey through subsidiaries, joint ventures, or licensing agreements.

Trade reforms led to an initial increase in seed imports for some crops. For
example, imports of hybrid maize seed exceeded production in 1985. Soon, how-
ever, local seed production expanded to meet local demand and then pushed into
export markets as well. Exports of hybrid maize seed exceeded imports in 1988
and reached a quarter of total production in 1992. Similar trade shifts occurred
for hybrid sunflower seed. Once reforms allowed seed technologies to enter, Tur-
key was able to exploit its comparative advantages of a good climate, developed
scientific skills, and low labor costs.

Available data on maize yields allow for a rough estimate of the gains from
private hybrids following the reforms. Gisselquist and Pray (1997) estimate a
yield response function over 1961-91 (see table 3). Regressors include the per-
centage of maize area sown in private hybrids, annual fertilizer use, annual rain-

Table 2. Impact of Deregulation of Trade in Seed in Turkey, 1982-94
Harvested area, Varieties New varieties Private share of commercial

1990 available, introduced, seed production (percent)
Crop (hectares) 1982 1982-94 1985 1994

Wheat 9,400,000 21 62 0.5 8.8
Hybrid sunflowers 715,000 3 74 88.9 98.9
Cotton 841,000 9 19 0.0 0.1
Hybrid maize 155,000 24 185 85.7 97.3
Potatoes 192,000 31 51 11.3 91.7
Soybeans 74,000 2 70 42.1 94.7

Source: Government of Turkey, sis (1992) and Government of Turkey (various years).
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Table 3. Maize Yield Response Function, Turkey, 1961-91
Share of hybrid Fertilizers per National Adjusted

Explained variable planted area hectare rainfall Trend R2

Maize yield (tons
per hectare) 2.89 1.4E-03 4.58E-04 5.34E-02 0.924

(0.52) (5.3E-03) (7.14E-04) (2.73E-02)

Note. Numbers in parentheses are standard deviations.
Source: Gisselquist and Pray (1997).

fall, and a trend variable to control for other factors (such as transport improve-
ments and extension). Data on the irrigated area for maize were not available.

The explanatory power of the model is satisfactory. All coefficients exhibit the
expected sign, but neither fertilizer nor rainfall is significant at the 95 percent
level. Gisselquist and Pray simulate projected maize yields in the absence of re-
form using the estimated coefficients, but with zeros for post-reform hybrids. A
comparison of actual yields and projected nonreform yields suggests that private
maize hybrids boosted maize yields more than 50 percent (see figure 3).

Gisselquist and Pray use this result to estimate the magnitude of the income
benefit from post-reform hybrid maize in Turkey. The increase in average net
economic returns per hectare of maize during 1990-92 was $153, equivalent to
25 percent of the gross economic value (table 4). With a total maize area of
515,000 hectares, this result implies an annual net economic gain of $79 million
for Turkey's maize farmers.

IV. CONCLUSIONS AND POLICY IMPLICATIONS

The evidence presented in this article suggests that deregulating the trade of
inputs leads to significant increases in the range and quality of inputs available to

Figure 3. Actual and Projected Maize Yields in Turkey, 1961-91

Yield (tons per hectare)
4.5 -

4.0 

3.5 J Actual

3.0 -

2.5

2.0- Projected

1.5t

1.0 -

0.5

1961 1966 1971 1976 1981 1986 1991

Source: Gisselquist and Pray (1997).
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Table 4. Estimated Average Annual Net Economic Benefits from Hybrid
Maize, Turkey, 1990-92

Change in value
Change in volume Unit due to hybrids

Indicator Volumea due to hybridsa priceb (dollars per hectare)

Average yield 4.13 1.43 148 211
Projected yield

without hybrids 2.7c n.a. n.a. n.a.
Cost
Nonhybrid seed 37 _11.1d 0.148 -2

Hybrid seed 28 8 .4d 2.97 25
Harvesting and dryinge n.a. n.a. n.a. 35
Net gain n.a. n.a. n.a. 153

n.a. Not applicable.
a. Yields are in tons per hectare, and costs are in kilograms per hectare.
b. Yields are in dollars per ton, and costs are in dollars per kilogram.
c. Based on the yield response function described in the text.
d. Assumes that 30 percent of the maize area is planted in hybrids.
e. Estimated as one-sixth of the value of production.
Source: Gisselquist and Pray (1997).

farmers, which in turn raises productivity and income. From the case studies of
Bangladesh and Turkey we recommend that countries with single-channel sys-
tems revise their regulations, especially performance-based regulations for ap-
proving new technologies, and move toward multiple channels for technology
transfer. Evidence of large gains with a greater range of technical options agrees
with results from trade models. Of course, our results would be more robust if
we could support them with additional studies of similar reforms. Preliminary
findings from ongoing World Bank studies of input reforms in Zimbabwe and
India corroborate the conclusions and recommendations in this article.

The recommendation to reduce and revise regulations governing the trade of
inputs should not be confused with full trade liberalization. Regulations to con-
trol negative externalities in terms of public health and environmental damage
should be maintained and even reinforced in several countries. For example, in
the case of new pesticides, governments might consider not only maintaining a
positive list of allowed products, but also levying taxes on allowed pesticides,
with rates determined according to externalities. More generally, existing regula-
tions based on performance could be redesigned to focus on externalities (see
table 5). For inputs with significant externalities, such as medium- and high-risk
pesticides, performance could be taken into consideration in deciding whether
the gains are worth the risks.

Serious consideration of regulatory reform requires time and effort to deal
with specific situations and concerns. For example, even if people accept the
principle of limiting regulations to externalities, in some situations they will de-
bate the existence or magnitude of externalities.

Market power, another potential source of market failure, may be a concern
in the reform process. The risk that monopolies and oligopolies will dominate
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Table 5. Reforming Regulation on the Transfer of Agricultural Technology
Common Proposed reforms to focus

Input regulatory barrier regulation on externalities

Seeds Governments prohibit the sale of Allow the sale of seed without
seed except for registered (ap- variety registration
proved) varieties based in part on
performance tests

Governments block seed imports to Focus phytosanitary controls on
protect domestic seed production diseases that are present in the
(using unreasonable phytosanitary exporting country but not in the
arguments or other nontariff importing country and that
barriers) threaten real economic damage

Governments demand that Allow importation and sale
companies submit samples of in- without deposit of a seed sample;
bred lines before the governments this regulation has nothing to do
will allow the sale of hybrid seed with externalities

Pesticides Governments require in-country List allowed products; allow the
efficacy tests for new products sale of new no-risk or low-risk
before allowing them for sale products without in-country

efficacy tests

Fertilizers Governments limit the types of Allow companies to sell ferti-
fertilizers allowed for sale based on lizers with any combination of
expert opinions about soil nutrient nutrients; enforce truth-in-
deficiencies labeling and ban dangerous

impurities

Agricultural Governments limit imports to lists Allow importation of any
machinery of approved models, basing model, leaving farmers to assess

approvals on performance tests performance against cost and
other factors

Livestock feed Governments set minimum Allow companies to sell any
standards for various nutrients or combination of feed compo-
components or require prior nents without registration;
registration and approval for all enforce truth-in-labeling and

feed mixes based on expert ban or regulate feed additives
opinions with negative externalities

(hormones and antibiotics)

Veterinary medicines Governments do not allow the List allowed products; allow
import of (private) vaccines, private and competing products
arguing that government produc- but regulate them to ensure
tion is adequate, diseases do not quality (impurities in vaccines
exist, or quality is not secure can spread other diseases)

input markets is more serious for small and low-income countries. For example,

a minimum of 20-30 seed companies in a country may be required to ensure that

farmers have access to world technologies for all crops through competitive seed

markets. (Five or six seed companies ensure a competitive market for a single

crop, but companies specialize, so several times that number is required to cover



126 THE WORLD BANK ECONO1MIC REVIEW, VOL. 14, NO. I

all crops.) National seed markets in most Sub-Saharan African countries are not
large enough to support competitive, modern seed markets. But regulatory re-
forms can allow national markets to merge into regional markets that are large
enough to ensure a competitive supply of seed for minor and major crops. Poli-
cies favoring regional seed markets in Africa include voluntary registration of
varieties and limits on seed import controls to realistic phytosanitary concerns,
allowing varieties and seeds to move more easily across borders.

Deregulation should not jeopardize efforts to maintain and increase local pub-
lic research and mastery of technologies. Public research has been and can be a
source of useful technologies, often adapting and improving foreign technologies
for local conditions. Furthermore, some classes of agricultural technologies are
public goods (for example, integrated pest management techniques that do not
use broad-spectrum poisons), for which the social returns to research far exceed
what can be recouped through the sale of inputs. Also, local research capacity
strengthens the bargaining power of the country if prices for technology transfer
are not competitive (Pack and Westphal 1986) and avoids a widening of the
technological gap when spillovers from research and development are national
rather than international (Grossman and Helpman 1991).

There may be good reasons to increase public research as the transfer of pri-
vate technologies expands. The entry of more research-intensive input compa-
nies creates a competitive market for scientists and ideas, which improves the
environment for managing public research. Research-intensive companies often
work closely with the public sector and request more public research. And a
commitment to boost funds for public research may help to blunt opposition to
reform from government scientists who lose monopoly control over the transfer
of technologies.
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Geographical Targeting for Poverty Alleviation:
An Introduction to the Special Issue

David Bigman and Hippolyte Fofack

In the face of rising public deficits and shrinking public resources, geographical target-
ing may be a viable way to allocate resources for poverty alleviation in developing coun-
tries. Efficiency can be increased and leakage to the nonpoor reduced substantially by
targeting increasingly smaller areas. This article, and more generally the symposium on
geographical targeting for poverty alleviation, proposes several techniques for augment-
ing data to produce more detailed poverty maps. It focuses on practical considerations
in the design of geographically targeted poverty alleviation programs. In particular, it
assesses the advantages and disadvantages of geographical targeting and describes how
geographic information systems can be applied to improve poverty mapping.

Why have some geographic areas become pockets of poverty, while others have
become islands of prosperity? Many explanations have been offered for the strik-
ing differences in living standards between regions and even between communi-
ties within the same region. Such disparities can be found in all countries, and
they may be caused by a wide range of factors, including differences in agroclimatic
conditions, endowments of natural resources, or geographic conditions-par-
ticularly the distance to a sea outlet and to centers of commerce-and biases in
government policies.

Consider a few examples. Mean per capita consumption of the rural popula-
tion in the Indian state of West Bengal is only half that of rural Punjab, and the
headcount measure of poverty in West Bengal is nearly four times higher than
that in Punjab (Datt and Ravallion 1993). In Burkina Faso the incidence of pov-
erty is less than 25 percent in one-fifth of the villages, but well over 60 percent in
more than half of the remaining villages (Bigman, Dercon, Guillaume, and
Lambotte, this issue). And in Ecuador the incidence of poverty varies from less
than 10 percent of the population in some districts to nearly 60 percent in others
(Hentschel, Lanjouw, Lanjouw, and Poggi, this issue). Indeed, in many develop-
ing countries the differences in living standards between regions are often larger
than the differences within regions. Policymakers who seek to design the most
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cost-effective strategies for reducing poverty must consider the implications of
these large income disparities between geographic areas.

Studies of income inequality and poverty generally take the approach of the
individualistic, human capital model, which explains differences in income and
consumption between people by looking at differences in individual and house-
hold characteristics. However, differences in standards of living between regions
and communities are often far too large to be explained by differences in indi-
vidual or household characteristics alone. Disparities in living standards may
persist because of obstacles to internal migration, which in some countries are
the result of deliberate government policies and in all countries are the result of
economic, demographic, and cultural factors.

Migration between rural areas, for example, is constrained by the lack of free
land for cultivation; rural-urban migration is an option available to only the
fittest people, leaving behind the very young and the very old. Moreover, migra-
tion is costly and risky, and frequently individuals do not have the information
they need to decide whether, when, and how to migrate. Even rural-urban migra-
tion, common as it is, often evolves as a gradual process in which one member of
a household moves to the urban center in search of employment and is later
followed by other members of the household. Further obstacles to migration that
particularly affect the poor are large household size, poor health conditions, low
levels of human capital, and, in some countries, the "feminization" of poverty
(poverty rates are disproportionately high among women). Wealthier and better-
educated individuals are less restricted in their ability to migrate, and, as they
leave poor areas, the standard of living in those areas declines even further.'

Pockets of poverty persist for other reasons as well:

d The low quality of public services, particularly in education and health,
further impedes the accumulation of human capital and thus earning capacity.

* The poor condition of rural infrastructure limits trade and retards local
investment and growth (Binswanger, Khandker, and Rosenzweig 1993).

* The low level of social capital in poor communities slows the diffusion and
adoption of new farm technologies, thus reducing farmers' earning capacity
(Foster and Rosenzweig 1995).

* The distance from urban centers inhibits trade, specialization in production,
and access to credit.

As a result households in poor areas are less likely to escape the individual and
community predicaments that keep them poor.

There are pockets of poverty in both urban and rural areas. The relative ease
of identifying these areas makes the place of residence a possible criterion to
determine eligibility for poverty reduction programs (Baker and Grosh 1994).
The argument holds that although some benefits inevitably leak to the nonpoor

1. This, however, should be captured by the individual characteristics rather than the spatial
characteristics that explain interregional inequalities.
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who reside in target areas, and although some of the poor who reside in nonpoor
areas will not be covered, geographical targeting has several clear advantages. It
is easy to implement and to monitor, thus it typically involves less fraud and
much lower administrative costs than many other targeting methods. Moreover,
in many developing countries the limited information available on individuals
and households reduces the options for implementing other types of targeting. At
the same time, severe budgetary restrictions make nontargeted programs infeasible.

The three articles in this symposium present different methods of identifying
pockets of poverty in developing countries. The methods call for using all avail-
able information, even though it may be limited, in order to map the spatial
distribution of poverty. Jesko Hentschel, Peter Lanjouw, Jean Olson Lanjouw,
and Javier Poggi bring together household data from Ecuador's census and de-
tailed data from its household income and expenditure survey in order to esti-
mate the incidence of poverty at the village level and to provide a detailed profile
of the spatial dimension of poverty in that country. David Bigman, Stephan Dercon,
Dominique Guillaume, and Michel Lambotte use data from Burkina Faso's house-
hold survey; data from a wide variety of other surveys, including socioeconomic,
health, and agricultural surveys; data from the country's population census; de-
tailed climatic data; and detailed road-mapping data in order to determine the
spatial distribution of poverty at the village level. These methods can be used in
countries where census data provide only very limited information on household
characteristics and where data from different surveys must be brought together
and, if possible, compared in order to establish a reliable profile of the spatial
distribution of poverty. In the third article Hippolyte Fofack uses Ghana's light
monitoring survey together with the more comprehensive Integrated Survey to
develop criteria for improving targeting.

The general principles of geographical targeting have been thoroughly re-
searched and discussed in the economic literature.2 This introduction offers a
practical guide for using geographical targeting to place poverty alleviation pro-
grams and an overview of the questions that are central to selecting targeting
criteria. In addition, it discusses applications of a geographic information system
(GIS). In recent years the ability to incorporate geographic indicators in public
policy planning in general, and in the design of welfare programs in particular,
took a quantum leap with the development of new and sophisticated methods for
incorporating spatial data and organizing these data as a GIS suitable for com-
puter analysis. Equally important was the surge of technological innovations,
such as satellite imagery, for collecting spatial and climatic data. By including in
the GIs database not only information on social, economic, climatic, and environ-
mental observations, but also their location and spatial arrangement, this system
allows us to present the data in the form of maps and interfaces and to perform
comprehensive and sophisticated spatial analysis. In many countries-both de-

2. See, for example, Kanbur (1987), Bigman (1987), Besley and Kanbur (1993), Ravallion (1993,
1998), Datt and Ravallion (1993), and Jalan and Ravallion (1998).
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veloping and industrial-this system has become the single most important tool
for analyzing a wide range of geographic and socioeconomic data and for design-
ing policy measures.

I. PRACTICAL CONSIDERATIONS IN DESIGNING A POVERTY

ALLEVIATION PROGRAM

Geographical targeting of welfare programs is common in developing coun-
tries and is often used in conjunction with additional targeting criteria to narrow
the beneficiary population and thus reduce costs. For example, in Mexico the
government gave food subsidies only in selected regions and only for tortillas and
milk, the main staples of the poor. In Honduras the government restricted a food
stamp program to selected areas and required means testing to determine eligibil-
ity. And in many Sub-Saharan African countries governments targeted the con-
struction of new health and education facilities to relatively poor areas, and the
services provided in these facilities primarily benefited the poor.

Informational Constraints

These and many other similar programs illustrate the intuitive appeal of geo-
graphical targeting, as well as its perils. The challenge for policymakers is to use
the available resources to provide the greatest possible assistance to those who
need it most. In the absence of reliable information on personal income, the first-
best solution of identifying the poor and directing all benefits only to them is not
feasible. Even in industrial countries that have the necessary data, it is not pos-
sible to ascertain whether targeted programs do indeed reach all of the poor and
do not leak to the nonpoor.

In the past, since most developing countries did not have reliable information
on individual income, many chose programs with universal coverage. In the 1960s
and 1970s several countries in Sub-Saharan Africa and South Asia implemented
general food subsidy programs. Growing budget constraints in the 1980s, how-
ever, forced governments to drastically reduce or even terminate these programs.
Some countries replaced universal coverage with means testing, which initially
proved quite successful. Sri Lanka is a typical example. In the late 1970s the cost
of a universal ration program reached 5 percent of gross domestic product (GDP),

and the government was forced to cut costs by replacing it with a food stamp
program that cost only 1.3 percent of GDP. However, in the absence of reliable
information on household income, means testing led to massive leakage: nearly
half the population had access to food stamps, although less than 30 percent
were eligible under the program's criteria (Subbarao and others 1997).

The absence of reliable information for identifying the poor, on the one
hand, and the mounting constraints on public resources, on the other, made
targeting by means of indirect indicators the only viable alternative for most
developing countries. The indicators used to determine eligibility included the
household's size, the number of children in the household, the size of the
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household's landholdings or other assets, and the region in which the house-
hold was located. Other alternatives were self-targeted programs (such as food-
for-work programs), subsidies for commodities consumed primarily by the poor,
and research and extension services targeted to crops consumed primarily by
the poor. But these programs were limited in duration and in coverage, thus
excluding many of the poor and involving substantial leakage (Kanbur, Keen,
and Tuomala 1994).

Targeted programs that use indirect criteria also entail high administrative
costs and may have undesirable effects on the target population. For example,
Lanjouw and Ravallion (1999) analyze participation rates in various social pro-
grams in India and find that it is the nonpoor who capture the early benefits. In
family assistance programs implemented in several Latin American countries,
eligibility was determined by the number of children in the household. The cost
of these programs was pushed to an intolerably high level by slack entitlement
conditions and high rates of leakage. Further, they raised the fertility rates of the
poor. In Tanzania the difficulty of establishing clear eligibility criteria for distrib-
uting food aid forced the government to delegate the authority for distribution to
specialized local nongovernmental organizations (NGOS) and village committees,
which drove up costs.

Political Feasibility

The effectiveness of a targeted poverty alleviation program thus depends on
the availability of efficient indirect criteria for identifying the poor, on the ad-
ministrative costs of establishing eligibility with these criteria, on the reduction in
costs that can be achieved by effectively excluding nonpoor households from the
program, and on the government's capacity to administer the program. Grosh
(1994) and Gelbach and Pritchett (1997) also emphasize political feasibility as
one of the central factors determining a program's effectiveness and sustainability.
The main obstacle to targeted programs has often been the opposition of popula-
tion groups not covered by the programs, primarily middle- and high-income
groups. Anand and Kanbur (1990) report that, after the Sri Lankan government
introduced a targeted food stamp program, the real value of the food stamps fell
sharply during periods of high inflation, as the interest of the middle class shifted
to other issues, and public support for the program declined.

Political opposition to targeted programs may arise because only a portion of
the general population is bearing their cost and because programs create a stigma
for beneficiaries. Smolensky, Reilly, and Evenhouse (1995) distinguish between
external and internal stigmas, that is, the stigma created because the welfare
program lowers the self-esteem of participants and the stigma created by the
society at large, which often leads to tensions between participants and the mem-
bers of society who bear the tax burden of financing the program. Besley and
Kanbur (1993) point out that by stigmatizing welfare recipients, income-based
programs have reduced recipients' ability to acquire skills and grow out of pov-
erty. Moffitt (1983) describes the stigma as the "disutility arising from participa-
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tion in the welfare program"; Besley and Coate (1992) emphasize the "psychic
costs of being on welfare."

In many cases, however, the most significant reason for the political opposi-
tion to a targeted program is leakage to ineligible households, which are seen to
be free riding on the backs of taxpayers. Improved targeting can go a long way
toward reducing such tensions. Rainwater (1982) points out, though, that more
accurate targeting might also have the opposite effect of further stigmatizing the
poor. This would occur particularly if eligibility required recipients to submit
highly personal information (for example, the name of the father of a child born
out of wedlock) in order to make entitlement more stringent. In some countries,
particularly countries in Sub-Saharan Africa, targeted programs may also exac-
erbate ethnic tensions if the target group is perceived to be predominantly of a
specific ethnic origin.

Advantages of Geographical Targeting

Geographical targeting offers several advantages over other methods of tar-
geting. First, it provides clear criteria for identifying the target population and
avoids the informational constraints that impede most other targeted programs.
Second, it is relatively easy to monitor and administer, and local institutions
and NGOS can greatly assist in implementing the programs. Third, geographical
targeting has relatively little influence on a household's behavior, since it is
difficult and costly for a household to change its place of residence. Fourth, it is
possible to improve targeting by combining the geographic criterion with other
eligibility criteria based on individual or household characteristics. Fifth, the
instruments of geographically targeted programs can include not only direct
income transfers to the target population but also a wide variety of other mea-
sures aimed at increasing the living standards of the entire population of the
area. Examples include investment in infrastructure, provision of public health
and education services, and provision of financial services. Geographical tar-
geting thus can provide guidelines for allocating resources under a country's
welfare program as well as under its development program.

The basic rationale for targeting poverty alleviation programs on the basis of
geography is the existence of large differences in living standards between geo-
graphic areas and the concentration of poverty in some areas. These differences
can be found in all countries: the western (inland) areas of China, parts of north-
eastern India, northwestern rural areas in Bangladesh, northern Nigeria, the ru-
ral savannah in Ghana, the northeastern region of Brazil, and the deep South in
the United States are just a few examples of pockets of poverty. We even find
large disparities in the standard of living between villages and urban communi-
ties within the same agroclimatic region. The shantytowns of Johannesburg, the
favelas of Rio de Janeiro, and the slums of New York City exist side by side with
affluent neighborhoods.

These disparities arise because of large differences in the price and quality of
housing, the quality of physical infrastructure (primarily the quality of roads),
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socioeconomic characteristics of the population, and the quality of public ser-
vices (particularly health and education)-which perpetuate the cycle of poverty.
Low housing costs in poor neighborhoods attract migrants from rural areas and
deter local residents who manage to raise their incomes from staying, thereby
deepening the pockets of poverty. The quality of the road infrastructure-prima-
rily the availability of all-weather roads-is an important factor in determining
an area's development and capacity to trade. And the concentration of welfare
recipients in some areas stigmatizes these areas and deters private sector invest-
ment and trade.

Large disparities between regions and, even more so, between communities
within regions, also arise because of differences in the geographic distribution of
government spending, primarily spending on infrastructure (Hammer, Nabi, and
Cercone 1995; van de Walle 1995). Such differences reflect the limited political
power of poor areas, as well as the efforts of the government to concentrate
investment in areas that have strong potential for growth. These two factors
explain the urban bias of many governments in developing countries. In rural
areas governments tend to invest in regions with good agricultural potential or
with a concentration of natural resources, rather than in marginal lands, where
the rural poor are concentrated. Election politics also account for large differ-
ences in the allocation of public funds, for example, between the relatively densely
populated, mostly urban areas and the more sparsely populated, mostly rural
areas. In some countries this bias also reflects ethnic, nationalistic, or religious
differences between populations.

Although these large disparities and the presence of pockets of poverty make
geography an attractive indicator for targeting poverty alleviation programs, the
empirical issues and practical difficulties involved in the selection of target areas
are far from settled. The main question, which has been examined in a large
number of empirical studies, is whether geographical targeting is a cost-effective
alternative to universal coverage or to other methods that use proxy indicators as
substitutes for means testing.3

Baker and Grosh (1994) evaluate the potential impact on poverty of geographi-
cal targeting at different levels of aggregation, using household survey data from
Venezuela, Mexico, and Jamaica. Their results indicate that geographical target-
ing can be a useful mechanism for transferring resources to the poor, and the
reduction in poverty that can be achieved is larger than the reduction that can be
achieved through an equally expensive universal distribution program. These re-
sults held for a general food subsidy program and for a food stamp program that
used means testing as a self-selection process. Baker and Grosh also demonstrate
that the level of geographic aggregation has a noticeable impact on the outcome
of targeting-targeting smaller geographic areas makes it possible to improve
efficiency and reduce poverty by a greater amount.

3. See Bigman (1987), Ravallion (1993, 1998), Datt and Ravallion (1993), Ravallion and Wodon
(1997), Baker and Grosh (1994).
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Ravallion and Wodon (1997) examine the significance of two setsbof indicators
in determining a household's well-being. One is based on the household's charac-
teristics, and the other is based on the household's location. Using household data
from Bangladesh, they show that a household's geographic profile is a more sig-
nificant indicator of poverty than its other characteristics. Their results for
Bangladesh indicate, however, that the gains from geographical targeting at the
regional level are small. In a similar study using data from Indonesia, Ravallion
(1993: 464) concludes, "The gains to the poor from geographical targeting at the
level of regions could be quite small, even with large regional disparities in poverty."

Most of these studies evaluate the cost-effectiveness of geographical targeting
when the target areas are administrative regions, provinces, or federal states.
There are two reasons for concentrating on these levels. First, most studies use
data from the country's household income and expenditure survey to evaluate a
program's benefits to the poor and the nonpoor. The number of households se-
lected for this survey is low, and the size of the sample from an area smaller than
a region is too small to allow inferences that are statistically significant. Second,
in most geographically targeted programs the target areas are the administrative
region, the province, or the federal state. At these levels, however, income dis-
parities within an area are, in most cases, still large, and target areas are bound to
include many nonpoor households. Regional targeting therefore is likely to result
in high leakage and, by excluding many, if not most, of the country's regions, it
also leaves out a considerable portion of the country's poor.

Targeting at the Village or Community Level

Within smaller geographic areas, particularly rural areas, income disparities
tend to be much smaller. This is because typically smaller areas have more homo-
geneous socioeconomic characteristics, and the population is subject to the same
agroclimatic and geographic conditions. Targeting smaller administrative areas-
districts, subdistricts, or even individual villages and urban neighborhoods-can
therefore reduce leakage significantly. Moreover, if the program's targets are
individual villages, then it is more likely that the selected villages will be spread
across all regions, rather than concentrated in a few. This will reduce the ethnic
and political tensions that may accompany regionally targeted programs because
beneficiaries will include people from all ethnic or national origins and religions.

Further, by including the poorest districts or villages in all regions, targeting at
these levels is likely to increase the proportion of the poor who are covered.
Targeting smaller areas will also increase the choice of policy instruments that
can be used to combat poverty. If a poverty alleviation program is targeted to
villages, for example, it may provide a local source of drinking water in some
villages, offer a food-for-work program in others, and construct an all-weather
access road in still others. This issue will be discussed further below.

Even though targeting smaller geographic areas is an attractive strategy theo-
retically, it is usually applied only to very specific programs in health and educa-
tion, not to a more general strategy for reducing poverty. Considerable practical
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obstacles arise during implementation because it is difficult to obtain reliable
estimates of the incidence of poverty in small areas and thus to determine eligibil-
ity. The articles in this symposium develop statistical and econometric methods
for mapping poverty in small areas, including villages. These methods may go a
long way toward overcoming these obstacles. To examine the practical difficul-
ties and potential benefits that may arise in implementing poverty alleviation
programs targeted to small areas, we focus here on programs targeted to indi-
vidual villages or urban communities; very similar conclusions apply, however,
to programs targeted to districts or subdistricts.

One potential difficulty with targeting programs to individual communities is
selecting the criteria for determining eligibility. Unless the household survey con-
tains reliable information on the incidence of poverty in each community in the
country, we must use indirect indicators that are closely correlated with the inci-
dence of poverty. Some indicators already are widely used in developing coun-
tries, often with strong incentives from international organizations or donor coun-
tries. Thus, for example, the combination of climatic conditions and the distance
from urban centers often identifies villages in marginal lands whose standard of
living is much lower than in the rest of the country. The quality of access roads
and the distance to sources of drinking water are additional reliable and widely
used indicators of living standards, primarily in rural areas. Still another group
of indicators includes the availability of public services, the distance from the
nearest public school or health clinic, and the type of services provided in the
local health clinic. These indicators are obvious selection criteria in choosing the
location of new health clinics or public schools; all too often they also indicate
the incidence of poverty in the community, both because the relatively well-to-do
tend to leave the community if services are inadequate and because poor services
damage the earning capacity of the local population.

In the absence of reliable data for each village, however, these criteria are only
approximations. They are rarely used to determine eligibility for more general
social welfare programs, such as food stamps or child support, and they may
generate considerable resistance. Not only will neighboring villages protest, but
the urban population may also rail against the use of such criteria if the govern-
ment does not make a convincing case that the selected villages are indeed likely
to be the poorest and that the chosen criteria are highly reliable.

Another issue is the ability of village institutions to administer and monitor
the program. At present, local authorities usually only take part in distributing
benefits. However, if they are strong, local institutions, particularly religious in-
stitutions, can be very effective in fully administering general poverty alleviation
programs at the village level. This may be less effective and more costly in vil-
lages where local leadership is weak. The main obstacle that village institutions
will encounter is deciding who is a resident and therefore entitled to benefits.
Disputes between neighboring villages may erupt. And the program may become
less effective, since the marginal cases-the households that reside at the out-
skirts of the village-are often also the poorest and the most likely to be left out.
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An important advantage of selecting villages or urban communities as targets
is that it widens the choice of policy instruments. At present, different instru-
ments are designed to advance different goals, such as increasing school enroll-
ment or lowering child morbidity, rather than the same general goal of alleviat-
ing poverty. As a result, the education department-of the country or the World
Bank-prepares a plan for constructing a new school in the community, taking
into account only the availability and proximity of existing schools. Very little
consideration is given in that plan to other needs of the village and other possible
projects, such as improving the access road or health care services for children,
that could be more important for improving the standard of living. Likewise,
when an administrative department prepares a plan to improve the local road
infrastructure, it takes into account the current state of access roads, but not the
other needs of the village. Further, there is very little coordination among the
departments responsible for these plans.

The need for coordination in designing public projects also arises when the
target areas are regions. Suppose that a program for constructing new health
facilities identifies target regions on the basis of regional poverty indicators. It is
still necessary to determine the exact location of the facilities within the region.
An obvious, and the most commonly used, criterion is the distance from existing
health facilities to villages within the region. The second consideration is the cost
of construction. Program designers often pay little attention to the standard of
living in the village, the availability of other public services, and the potential of
other projects to reduce poverty. Even distance to a facility can be a complex
indicator if one takes into account access to the village during the rainy season,
the available modes of transportation (which can be different in villages closer to
urban centers and in more remote villages), and the type of health services re-
quired in each village.

The possibility of producing reliable poverty maps at the village level opens
the door to a more comprehensive strategy for poverty alleviation that proceeds
in the opposite direction. In the first stage the general goal of the program-be it
the reduction of poverty or child mortality-is determined. In the second stage
the policy instrument is tailored to the specific conditions of the local commu-
nity, on the one hand, and the program's goal, on the other. Only in the third
stage are the appropriate departments called on to design health clinics or rural
roads-in accordance with that general plan. This approach, which considers the
overall needs of the village, requires much more planning, coordination, and
data. The data problems have been largely solved in the past decade thanks to
significant advancements in the technology of the geographic information
system.

II. THE GIS AND ITS APPLICATIONS

Space is central to the decisions, behavior, and even characteristics of indi-
viduals and communities. Nevertheless, until recent years it has received little
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attention in the social sciences. In statistical and econometric analysis the use of
spatial data was limited by the lack of an easy and effective way to incorporate
spatial characteristics explicitly into models. The use of the GIS in the social sci-
ences has progressed very slowly, and the application of spatial data analysis in
econometric studies is still quite limited. The GIS is used primarily to display,
organize, and run simple manipulations of spatial data.

A GIS is a computer-based system used to capture, store, edit, display, and plot
geographically referenced data (Longley, Goodchild, and Maguire 1999). Map-
ping by means of a computer rather than the traditional cartography process can
greatly reduce production time and costs. A GIS is also used, primarily in re-
search, for integrating heterogeneous, geographically referenced data sets and
providing a common reference framework for analying spatial data in different
subjects and over different time periods. Data are integrated by using space as an
indexing system. The spatial coordinates of the data make it possible, for ex-
ample, to combine socioeconomic information on villages from household and
community surveys with information on the surrounding farming systems from
an agriculture survey and with information on climate and soil conditions from
an agroclimatic study. By combining these data sets, a GIS enables us to conduct
a comprehensive analysis of social and economic phenomena. In many countries
this was the main incentive for compiling national data on infrastructure includ-
ing basic data on roads, hydrology, settlements, and political and administrative
boundaries.

The articles in this symposium present several methods of integrating spatial
data in economic and social studies. Hentschel, Lanjouw, Lanjouw, and Poggi
combine data from Ecuador's census and its household income and expenditure
survey at subregional levels. Bigman, Dercon, Guillaume, and Lambotte inte-
grate household-level data collected in Burkina Faso's household income and
expenditure survey with village, district, and regional data collected in a wide
variety of other surveys and in the population census. Fofack combines data
from the Integrated Survey of Ghana, which has comprehensive information on
household income, expenditures, and assets, with a light monitoring survey, which
has large coverage and is exhaustive on the location and access to public facili-
ties, in order to draw inferences for targeting.

A GIS allows a wide variety of data integration forms. One layer of data (such
as districts) can be presented on top of another (such as climate zones), not only
to create a visual display but also to generate a new data set in which each point
has attributes from the two original data sets. The points in the integrated data
set can then be used to analyze social, economic, and spatial relationships using
either cross tabulations or formal statistical and econometric methods. Thus, for
example, information on the distance from a village to an urban center can be
combined with area-based soil data in order to assess the agricultural potential of
rural communities; information on the road network can be combined with in-
formation on population density to generate indicators of transportation density
for each district. Standard computations using GIS data include straight-line and
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network distances, delineating the area that lies within a specified threshold dis-
tance from selected features or places. These functions can be used to determine,
for example, the nearest hospital for each of a number of settlements or to iden-
tify all villages located within a certain distance from public schools.

III. DATA REQUIREMENTS

The data that are most commonly used for estimating poverty come from
household income and expenditure surveys. The sample in these surveys is typi-
cally small, and the analysis must rely on additional data sources. In most de-
veloping countries the principal sources of information on all households with
large coverage are the population and housing censuses. However, a census
typically is conducted only once a decade, and the census questionnaire con-
tains only limited information on the standard of living. Even so, the census
remains one of the most important sources of information on demographic and
social conditions.

Household surveys provide more detailed data, but they cover only a rela-
tively small sample of households. Three examples of comprehensive household
surveys in developing countries are the World Bank's Living Standards Measure-
ment Study (LSMS) surveys, Integrated Surveys, and the U.S. Agency for Interna-
tional Development's (USAID'S) demographic and health surveys. The LSMS sur-
veys and Integrated Surveys concentrate on household income and consumption,
while the demographic and health surveys focus on health indicators, including
anthropometric measures that indicate the adequacy of food consumption and
health care. Because the sample sizes of these surveys are relatively small, it is not
possible to generate statistically reliable information for geographic areas smaller
than a region. With the aid of a GIS, it is possible to aggregate the survey data
according to geographic areas that are different from the administrative regions
from which the sample of households was selected. For example, per capita ex-
penditure indicators can be aggregated for agroclimatic zones, and health indica-
tors can be aggregated for areas classified by their access to health services. Addi-
tional information from other surveys or from the population census organized
as a GIS can then be used to determine, for example, the distance to the market
town or the quality of the access road for each survey cluster.

In a rapidly changing economic and social environment, there are rapid and
sometimes far-reaching changes in the incidence and spatial distribution of pov-
erty. The surveys must be designed to provide up-to-date information. In most
developing countries poverty is strongly affected by macroeconomic shocks, fluc-
tuations in commodity prices, and the spread of diseases, particularly AIDS. These
effects are not distributed evenly across economic regions, and, as a result, the
geographic distribution of poverty may change considerably in short periods of
time. A fall in commodity prices affects predominantly the areas in which these
commodities are produced; macroeconomic shocks and a rise in unemployment
affect predominantly urban areas, although rural areas also suffer from the re-
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duction in government expenditures on rural infrastructure, health, education,
and agricultural research; the AIDS epidemic is concentrated in certain geographic
areas and affects a very large proportion of the population in these areas. In
addition, rural-urban migration continuously deepens the concentration of the
poor in urban areas.

These changes require frequent adjustment of poverty reduction instruments
and more frequent collection of relevant data to produce an accurate mapping of
poverty. In many countries, however, there has been a considerable reduction in
the frequency of comprehensive household surveys. After a wave of comprehen-
sive surveys in a large number of developing countries in the 1980s, only a few
countries conducted further comprehensive surveys. Instead, many countries con-
ducted far less comprehensive surveys, such as light monitoring surveys or the
recent enquetes 1, 2, and 3 that were carried out in several Sub-Saharan African
countries and were restricted to large cities. In addition, the time between con-
secutive surveys has been continuously prolonged.

Two recent initiatives in Sub-Saharan Africa sought to bridge the data gap by
using auxiliary data to estimate the geographic distribution of food insecurity
and vulnerability. One initiative is USAID's Famine Early Warning System, and
the other is the Food and Agriculture Organization's Food Insecurity and Vul-
nerability Mapping System. These two systems generate comprehensive spatial
indicators that are related to the level of well-being and identify the geographic

areas that are most vulnerable to shortfalls in food supply and to poverty. De-
spite the importance of this information, these two systems have only limited use
in designing poverty alleviation programs. The main reason is that they describe
the spatial distribution of vulnerability at the supranational level, whereas pov-
erty alleviation programs are designed at the national level. However, poverty
maps can be updated more regularly for geographically targeted poverty inter-
ventions using instrumented consumption variables obtained by combining light
monitoring surveys, which are much cheaper and easier to implement, with more
comprehensive household surveys (Fofack, this issue).

IV. PERFORMANCE CRITERIA

The performance of a targeted program depends on the criteria that are used
to determine eligibility for and desirability of the program, and on the instru-
ments that are used to transfer benefits to the target population. A number of
performance criteria have been suggested to evaluate the desirability of a pro-
gram. They include the contribution to poverty reduction, the effect on house-
hold behavior, budgetary costs, and errors of inclusion (type I) and exclusion
(type II). The error of inclusion measures the number of poor individuals who are
excluded from the program, and the error of exclusion measures the number of
nonpoor people who are included in the program.

Of these criteria, errors of inclusion and exclusion generally receive the great-
est attention because of their intuitive appeal and direct budgetary implications.
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Ravallion and Chao (1989) suggest a quantifiable performance measure for tar-
geted programs that takes into account both of these errors. It defines the gains
from targeting as the amount by which the budget for a nontargeted program
would have to be increased in order to achieve the same reduction in poverty-
measured by the poverty gap ratio-that can be attained through targeting. They
term this measure the "equivalent gain from targeting." Clearly, the larger is the
type I error, the higher are the costs of the targeted program, and the smaller is
the equivalent gain. Likewise, the larger is the type II error, the smaller is the cost
increase needed to provide the same reduction in poverty, and the smaller is the
equivalent gain.

A corollary to this criterion is one that measures the reduction in the poverty
gap that can be achieved with the targeted program compared with the reduction
in the gap that can be achieved with the nontargeted progam, when the costs of
the two programs are the same. The equivalent gain in this case would measure
the ratio of the reduction in poverty with a targeted program relative to the
reduction in poverty with a universal coverage program.

An alternative performance criterion compares the costs and effectiveness of
the targeted program under consideration with the costs and effectiveness of an-
other targeted program. We can term this measure the opportunity cost of target-
ing. In practice, this measure is more relevant than the equivalent gain, since the
alternative of targeting a program to a specific region is to target it to another
region, rather than to switch to a nontargeted program. It is easy to see, however,
that the two criteria will rank target areas in the same order.

V. A REVIEW OF THE ARTICLES IN THIS ISSUE

The articles in this issue present alternative methods of combining survey data
and census data from a wide variety of sources and illustrate how to use the
extended data sets to determine the spatial distribution of poverty and the effec-
tiveness of alternative policy instruments. These methods can provide important
tools for more comprehensive and coordinated poverty alleviation programs that
focus on the needs and specific conditions in villages and urban neighborhoods.

Hentschel, Lanjouw, Lanjouw, and Poggi present a method for mapping pov-
erty to guide the allocation of resources for public projects. This method com-
bines household survey data on income and consumption, which are available
for only a sample of communities and households, with census data, which are
available for all communities and households, in order to estimate per capita
consumption for all households included in the census. This article shows that
poverty measures calculated with these consumption estimates closely match the
measures calculated with the original household survey data. Although the con-
sumption estimates are unbiased, their standard errors remain large, and they
therefore provide only a first cut at drawing a detailed poverty map.

Bigman, Dercon, Guillaume, and Lambotte present another method of bring-
ing together and analyzing data from different sources. They geo-reference the
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data from all sources and bring them together at the village level on the basis of
the names of the villages and the geographic coordinates identifying their loca-
tion. They integrate agroclimatic and environmental data into the analysis at the
provincial or regional level. Organizing the data as a GIS enables them to incorpo-
rate data on the distance from each village to other villages, to towns, and to
public facilities such as schools and health clinics. Some of the data were avail-
able for all villages in the country; others, including data on household expendi-
tures and health, were available only for a sample of households and villages.

The authors use the sample of villages included in the household survey to
identify the significant community variables that best explain the average level of
well-being and the prevalence of poverty in each village. They then use these
variables to estimate the level of well-being of all villages in the country. They
divide all of the villages in the country into four categories of well-being, ranging
from the poorest to the least poor. These estimates thus identify not only the
villages that should be the target of antipoverty programs, but also the villages
that should be the target of cost-recovery programs.

Fofack presents a third method of using the data collected in household surveys
to obtain criteria for geographical targeting. His method is based on the use of a
light monitoring survey in which households are asked only about a small sample
of their expenditure items. The light monitoring survey is unlike the full LSMS or
Integrated Surveys, which are more comprehensive, typically covering dozens of
household expenditure items. The use of the light monitoring survey may, how-
ever, lead to significant errors in allocating resources. The resulting cost and leak-
age may far outweigh the savings from using a light monitoring survey instead of a
full household survey. Fofack presents a methodology for estimating total house-
hold expenditures from a light monitoring survey and demonstrates the reduction
in the rate of mistargeting and leakage that can be achieved. The regional poverty
predictors derived from this methodology are shown to be effective instruments
for targeting poverty alleviation.

VI. CONCLUDING REMARKS

Geographical targeting can be a significant alternative for allocating resources
to poverty alleviation in developing countries, especially in the face of shrinking
public resources. With the accumulation of geographic data and improvements
in GIS techniques, much greater efficiency can be achieved with this targeted scheme.
The articles in this symposium present alternative econometric methods for map-
ping poverty at increasingly smaller geographic areas. Two of the articles present
methods for targeting at the village level. At this level the budgetary costs of
geographical targeting and the leakage to the nonpoor can be significantly re-
duced. The main reason for this greater efficiency is that the population tends to
be relatively homogeneous and variations in per capita income between house-
holds in a village are low. In large geographic areas, in contrast, income variance
is much higher, and the potential for greater leakage may increase the budgetary
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costs and reduce program effectiveness. However, the lack of necessary data and
administration needed to oversee poverty reduction programs in many develop-
ing countries makes geographic targeting cost-effective, even for larger geographic
areas.
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Combining Census and Survey Data to Trace
the Spatial Dimensions of Poverty:

A Case Study of Ecuador

Jesko Hentschel, Jean Olson Lanjouw, Peter Lanjouw, and Javier Poggi

Poverty maps provide information on the spatial distribution of living standards. They
are an important tool for policymakers, who rely on them to allocate transfers and
inform policy design. Poverty maps are also an important tool for researchers, who use
them to investigate the relationship between distribution within a country and growth
or other economic, environmental, or social outcomes. A major impediment to the de-
velopment of poverty maps has been that needed data on income or consumption typi-
cally are available only from relatively small surveys. Census data have the required
sample size but generally do not have the required information. This article uses the case
of Ecuador to demonstrate how sample survey data can be combined with census data
to yield predicted poverty rates for the population covered by the census. These poverty
rates are found to be precisely measured, even at fairly disaggregated levels. However,
beyond a certain level of spatial disaggregation, standard errors rise rapidly.

Poverty maps provide a detailed description of the spatial distribution of poverty
within a country. They can be extremely valuable to governments, nongovern-
mental organizations, and multilateral institutions that want to strengthen the
impact that their spending has on poverty. For example, many developing coun-
tries use poverty maps to guide the division of resources among local agencies or
administrations as a first step in reaching the poor.

Poverty maps also can be an important tool for research. Researchers typically
look for the empirical relationship between poverty or inequality and indicators
of development, such as economic growth, using a cross-country regression frame-
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work.1 It is difficult, however, to control for the enormous heterogeneity across
countries, and heterogeneity may mask true relationships. Further, there is lim-
ited country experience that we can use to understand the determinants and ef-
fects of the distribution of welfare. Moving toward more microeconomic stud-
ies-relying on the distributional variation across communities within a single
country-may be a way forward.

However, we are hampered in developing poverty maps by the scarcity of
disaggregated data. For example, indicators based on income or expenditures
often are favored, but the information required for a finely disaggregated map
based on income or expenditures is not generally available for a sufficient num-
ber of households. The World Bank's Living Standards Measurement Study (LSMS)

surveys, which have been fielded in many developing countries, collect the infor-
mation needed to construct comprehensive measures of income and consump-
tion. But they are too small to allow for disaggregation beyond a simple rural-
urban breakdown within broad regions of a country. Census data do not suffer
from small-sample problems, but they typically contain limited information.

Many Latin American, African, and Asian countries have constructed welfare
indexes designed to rank regions by combining basic census information, such as
access to public services and level of education, and have used these indexes to
build poverty maps.2 The indexes sometimes are labeled "basic needs indica-
tors." They generally are constructed in a fairly ad hoc manner and are restricted
to the limited qualitative (and not quality-adjusted) data available in a census.
Such indicators may be poor proxies for household consumption. Using detailed
household survey data for Ecuador, we show that a crude basic needs indicator
and a comprehensive consumption measure yield markedly different welfare
rankings. We explore how census-based maps can be improved when using an
income- or consumption-based indicator of welfare.

In some situations one may want to consider a notion of welfare that reflects
not just access to resources but nonincome components as well. For example, in
evaluating education programs, one might want to account for the intrinsic value
of education in addition to its influence on income or consumption. An appropri-
ate welfare indicator might give greater weight to education than it would receive
implicitly from a consumption or income indicator. But if, for example, one wants
to figure out how to compensate households for a general change in price levels,
a welfare measure based on a fairly narrow measure of consumption might be
more suitable.

In general, we can construct a basic needs indicator, choosing weights reflect-
ing the contribution of each variable to total household income as well as any

1. Deininger and Squire (1996) compile a large international database for this purpose. Bruno, Ravallion,
and Squire (1998) use this database to explore the relationship between economic growth and inequality.
See also Alesina and Rodrik (1994) and Fields (1989).

2. For recent descriptions of the derivation of such maps, see World Bank (1996) for Ecuador,
Government of El Salvador (1995) for El Salvador, and FONCODES (1995) for Peru. Other Latin American
countries using such poverty maps include Colombia, Honduras, and Republica Bolivariana de Venezuela.
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direct contribution to welfare not captured in income. We do not expect rankings
based on such an indicator to correspond to those based on consumption. How-
ever, we do want a broader measure to also reflect actual consumption. In this
article we demonstrate how this may be done more reliably at a disaggregated
level. When one is concerned with a broader measure of welfare, these more
accurate predictions of poverty based on consumption simply need to be com-
bined in some manner with the other indicators considered relevant given the
policy issue of concern.

Using an LSMS data set for Ecuador, we estimate models of consumption ex-
penditures, restricting the set of explanatory variables to those that also are avail-
able in Ecuador's most recent census. We apply the parameter estimates from
these models to the census data to predict the probability that a given household,
taken from the census, is poor. We evaluate our approach by estimating the inci-
dence of poverty in six broad regions and comparing these rates with rates esti-
mated from the LSMS data alone.

We consider some of the statistical issues that arise because the poverty figures
are predicted. Our approach yields unbiased estimates of the incidence of pov-
erty from the census data, so that the expected prediction errors are zero. How-
ever, the poverty estimates do have standard errors, which must be calculated
along with the poverty rates. These standard errors are small at levels of regional
disaggregation likely to be of practical relevance, which is encouraging, but the
errors become sizable when the poverty rates are calculated over very small groups
of households. We thus are warned against disaggregating the poverty map
excessively.

1. How WELL DOES A BASIC NEEDS INDICATOR TARGET POVERTY?

In this section we examine how effectively a basic needs indicator is able to
identify the poor when the poverty indicator is consumption expenditures.3 The
basic needs indicator that we consider was developed in 1994 by the National
Statistical Institute of Ecuador (Instituto Nacional de Estadistica y Censos, INEC)
in response to the government's request for a directory of poor households. The
government was considering eliminating its gas subsidy and wanted the directory
to target poor households for a compensatory transfer. It happens that the gov-
ernment did not remove the subsidy, and we do not want to imply that INEC
regarded the basic needs indicator as anything other than a fairly crude measure

3. Consumption is an imperfect measure of the standard of living, but a comprehensive measure of
consumption expcnditures comes reasonably close to capturing a household's achievement of well-being
in accordance with its own chosen bundle of goods and services. The choice between income and
consumption also merits attention. For developing countries probably the most compelling argument in
favor of consumption is that it typically is easier than income to measure accurately. Its relative smoothness
across seasons or even years may make it a better indicator of long-term living standards than a measure
of current income (see, however, Chaudhuri and Ravallion 1994). For more discussion see Atkinson (1989W,
Ravallion (1994), and Sen (1984). Hentschel and Lanjouw (1996) and Lanjouw and Lanjouw (1997)
discuss the attraction of a comprehensive measure of consumption expenditures as an indicator of welfare.
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Table 1. Points Assigned to Services Included in iNEc's Basic Needs Indicator
Level Water' Sanitationb Waste' Educationd Crowding,

1 100 100 100 100 100
2 50 50 50 50 75
3 25 25 25 25 50
4 0 0 0 0 25
5 n.a. n.a. n.a. n.a. 0

n.a. Not applicable.
Note: INEC is the National Statistical Institute of Ecuador.
a. Level 1 = public network; 2 = water truck; 3 = well; 4 = other.
b. Level 1 = in house, flush; 2 = in house, no flush; 3 = shared; 4 = other.
c. Level 1 = collection by truck; 2 = burned or buried; 3 = discarded; 4 = other.
d. Level 1 = household head has tertiary education; 2 = secondary; 3 = primary or literate: 4 = none or

unknown.
e. Level 1 = one person or fewer to a bedroom; 2 = between one and two; 3 between rwo and three;

4 = between 3 and 4; 5 = more than four.
Source: INEC (1996).

developed to meet an urgent government request at short notice. However, INEC's

approach to constructing its indicator does resemble one that many countries
have followed and therefore provides a useful example.

INEC constructed its basic needs indicator at the household level. It consists of
a weighted composite of five variables capturing access to water, access to sanita-
tion services, access to waste disposal services, education (of the household head),
and a crowding index (the number of people per bedroom).4 Each service was
assigned a certain number of points according to its availability and its type or
level (table 1). INEC assigned these points based on its own judgment, not as the
result of our empirical analysis. For each household the value of the basic needs
indicator was taken simply as the sum of points across services. The lower the
sum, the poorer the household.

Using data from a recent household survey, the Ecuador Encuesta sobre las
Condiciones de Vida (ECV), we can judge how well the basic needs indicator is
able to identify households that are poor, as measured by consumption expendi-
tures. The ECV for 1994 is a nationally representative household survey modeled
closely on the World Bank's LSMS surveys. It provides detailed information on a
wide range of topics, including food consumption, nonfood consumption, labor
activities, access to services such as education and health, agricultural practices,
and entrepreneurial activities. The survey was fielded by the Servicio Ecuatoriana
de Capacitaci6n (SECAP) in Ecuador during June-September 1994. It covered more
than 4,500 households; after cleaning the data and checking for consistency,
4,391 households were left.

The survey design incorporated both clustering and stratification on the basis
of the country's three main agroclimatic zones and a rural-urban breakdown. It
also oversampled Ecuador's two main cities, Quito and Guayaquil, and covered

4. In other poverty-mapping exercises INEC has experimented with a wider range of variables. In El
Salvador the government has constructed a poverty map using 12 variables (Government of El Salvador
1995).
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Table 2. Poverty Incidence under Alternative Definitions of Welfare
Per capita Basic needs

Region consumption indicator

Costa 0.35 0.39
Urban 0.26 0.18
Rural 0.49 0.76

Sierra 0.33 0.28
Urban 0.22 0.04
Rural 0.43 0.50

Oriente 0.59 0.65
Urban 0.20 0.03
Rural 0.67 0.76

National 0.35 0.35
Urban 0.25 0.13
Rural 0.47 0.62

Note: Figures are based on two alternative welfare indicators applied to the ECV household survey
data.

Source: Authors' calculations.

about 1,374 rural households in total. Household expansion factors were added

to the data set so that inferences could be made about population aggregates.

World Bank (1996) analyzes the ECV data set as part of its study of poverty in
Ecuador. Hentschel and Lanjouw (1996) construct consumption totals for each

household, and World Bank (1996) bases all comparisons of welfare across house-

holds on their totals. Expenditures also have been adjusted to take into account
regional variation in the cost of living based on a Laspeyres food price index

reflecting the consumption patterns of the poor.

We compare poverty by region and area using the basic needs and consump-

tion indicators (table 2). Since no poverty line was developed specifically for the

basic needs indicator, we must infer poverty rates. We do this by equating the

national incidence of poverty as measured by the basic needs indicator with the

headcount rate, which we obtain using per capita consumption and the con-

sumption poverty line of 45,476 sucres per person per fortnight (approximately

$1.50 per person per day) developed in World Bank (1996). Hence we are asking

how the regional ranking of poverty differs when poverty is defined using these

two different indicators, but holding constant the fraction of the population iden-

tified as poor. We distinguish only between rural and urban areas and among the
country's three main agroclimatic zones.

At this level of aggregation we derive the same rankings from the two alterna-

tive definitions of welfare. But regional differences are much more accentuated

using the basic needs indicator. With the basic needs indicator rural areas appear

more poor and urban areas appear less poor than with the consumption indica-
tor. Among the rural areas, Oriente and Costa are poorer than Sierra, and among

the urban areas, Costa is poorest, followed by Sierra and then Oriente. As World

Bank (1996) emphasizes, under the consumption criterion the rankings of rural

and urban areas between Costa and Sierra are highly unstable and easily over-
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turned, depending on where one draws the poverty line and if one chooses to
work with a poverty measure other than the headcount ratio. The basic needs
criterion gives the impression that differences in well-being across regions are
unambiguous.

Finally, we compare the performance of the two indicators at the household
level. We follow the design of the planned intervention by taking the bottom 20
percent of households as the intended beneficiaries. First, we compute the total
number of households represented in the ECV data and calculate that just fewer
than 450,000 represent 20 percent of all households. Next, we calculate the total
number of points for each household according to INEC's basic needs criterion
and select the 450,000 households that score lowest. Last, we calculate the per-
centage of beneficiary households that fall into each household per capita expen-
diture quintile (column 2 in table 3). Since the target group is the first quintile,
the percentage of beneficiaries in the first quintile indicates how well the basic
needs indicator performs. Also, if all households were to receive the same amount
of money, the percentage of beneficiaries in the first quintile represents the per-
centage of resources that would reach the targeted group. Only 41 percent of
households identified by the basic needs criterion as constituting the poorest
quintile are, in fact, among the bottom 20 percent according to the consumption
criterion. Thus the leakage from an allocation based on the basic needs criterion
would be very high: 60 percent of resources would go to households that are not
in the lowest quintile, with almost 10 percent going to the top two quintiles.5

II. PREDICTING POVERTY

To give our weighting scheme a more analytical basis, we consider developing
a poverty map by imputing household consumption levels using census data.6

We can do this only if certain data requirements are met. A household survey,
such as the ECV in Ecuador, must be available and should correspond roughly to
the same period covered by the census. In addition, unit (household)-level census
data must be available. We were fortunate to have been granted access to the
1990 census data for Ecuador, covering roughly 2 million households. Although
the 1994 ECV data were collected four years after the census, the 1990-94 period
was one of relatively slow growth and low inflation in Ecuador, so it is reason-
able to assume relatively little change.

The underlying intention of the method we propose here is similar to that of
small-area and synthetic estimation procedures used in demographic and area

5. The basic needs indicator might not perform so poorly if the targeting scheme were aimed at, say,
only urban areas or if an alternative cutoff point in the distribution were used.

6. Although imputing missing observations within a sample is a common procedure (see, for example,
Paulin and Ferraro 1994), imputing values from a combination of different data sets (out-of-sample
imputation) is less usual. Bramley and Smart (1996) combine the British Family Expenditure Survey with
census information to estimate local income distributions. However, Bramley and Smart do not have
access to unit-level data from both sources. They derive local income distributions, not from predicted
household income, but from estimates of mean income and distributions of household characteristics.
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Table 3. Distribution of Beneficiaries Identified Using the Basic Needs
Criterion and Predicted Consumption across Actual Consumption Expenditure
Quintiles

Percentage of beneficiary Percentage of beneficiary households
Quintile (as measured by households (based on a (based on predicted consumption)
per capita consumption) basic needs indicator) Within-samplea Outside-sampleb

1 (poorest) 41.4 59.9 51.0
2 29.5 22.0 27.0
3 19.5 13.8 13.1
4 8.0 3.9 8.0
5 1.6 0.2 0.9

Note: Beneficiary households are those in the poorest quintile as measured by the basic needs indicator
or by predicted consumption.

a. The within-sample exercise derives predicted household consumption from models estimated using
the full household survey, applying the parameter estimates again to the full sample.

b. The outside-sample exercise consists of estimating the models for a subsample of the ECV and using
the resulting parameter estimates to predict consumption for the remaining sample.

Source: Authors' calculations.

statistics.7 In those procedures the interest is in deriving (unobserved) local-area
attributes, such as a mean or total, often in the form of proportions (Farrell,
MacGibbon, and Tomberlin 1997). For example, if we know population changes
for a large area, we can use small-area estimation techniques to calculate popula-
tion changes at lower geographic levels based on postulated functional relation-
ships. The method we use here works in the opposite direction: we predict our
variable of interest (consumption) at the unit (household) level and base aggre-
gate statistics on those predictions.8

Estimating Models of Consumption

To impute expenditures using census data, we must first estimate a model of
consumption using household survey data. Of course, the only variables that we
can use to predict consumption are those that also are available in the census. In
the case of Ecuador this set consists of demographic variables, such as the
household's size and its age and sex composition; the education and occupation
of each family member; the quality of housing (materials, size); access to public
services, such as electricity and water; principal language spoken in the house-
hold; and location of the household. (See the appendix for comparative summary
statistics from the two data sets.) The total number of explanatory variables,
including dummy variables, interaction terms, and higher-order terms, is 48.

7. See Purcell and Kish (1980) for an overview. Isaki (1990) uses small-area estimation to obtain
economic statistics.

8. The issue of combining information from different data sets has sparked a recent interest in the
literature (see, for example, Arellano and Meghir 1992; Angrist and Krueger 1992; Lusardi 1996; and
Imbens and Hellerstein 1999). These studies generally combine several household surveys, rather than
census and survey data, and do not address spatial poverty estimation.
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We estimate separate models for each region (Costa, Sierra, and Oriente), and
within each region we distinguish between urban and rural areas. We also obtain
separate estimates for Guayaquil and Quito, since the ECV oversampled these two
cities.9 The dependent variable in each regression is the logarithm of per capita
consumption expenditures for household i, In yi:

(1) In yi = X'f + ei

where Xi is a vector of independent variables common to the ECV and the census,
and r- is a random disturbance term that is distributed i.i.d. N(0, o2). We estimate
the models with weighted least squares, using household sampling weights. The
explanatory power of the rural models ranges from an R2 of 0.46 for rural Sierra
to an R2 of 0.74 for rural Oriente. The explanatory power of the urban models
ranges from an R2 of 0.55 for Quito to an R2 of 0.64 for urban Sierra.

We do not report here full sets of parameter estimates, standard errors, and
diagnostics from the eight regression models for reasons of space, but these are
available on request. It is important to correctly specify the precise functional form
of the disturbance term in the consumption regression when calculating the second-
stage poverty estimates. Thus we test the normality assumption made in equation
1. In three of the eight regions we cannot reject normality based on Shapiro-Wilk
and joint skewness and kurtosis tests (all p-values > 0.15). Closer inspection of the
residuals reveals that, in the other regions, we can reject normality only because of
a few outliers in one or both of the tails. The outliers may be the result of
mismeasurement. (For example, in one case the highest value of consumption ex-
penditures is six times larger than the second-highest value.) After eliminating these
observations-a total of only 13 out of 4,365-we cannot reject normality at con-
ventional levels of significance in any region. Such small deviations from the as-
sumed normality of the disturbance term should have a negligible effect on the
accuracy of our results that follow. Further, with the exception of Guayaquil, we
cannot reject (at the 10 percent level) the null hypothesis of homoskedasticity against
the alternative of heteroskedasticity for the full set of independent variables.

9. It is of interest to consider how the basic needs weights in table 1 compare to those implied by the
regression coefficients. Quito is a typical example. In the basic needs classification a decrease from four to
three people per bedroom is associated with a welfare improvement equivalent to that from an increase in
the education of the household head from primary to secondary school. The point estimates from the
consumption regression suggest that an increase in the education of the household head from primary to
secondary school is associated with an increase in consumption of 30 percent, while a reduction from four
to three people per bedroom is associated with an increase in consumption of just 6.7 percent. An increase
in education from secondary to tertiary also is associated with an increase in consumption of 30 percent.
However, a decrease from three people to one person per bedroom, which has an equivalent welfare effect
as moving from a secondary to a university education according to basic needs weights, is associated with
a much larger increase in consumption: 47.6 percent. The same pattern holds across regions. Thus at high
levels of crowding and low levels of education, the basic needs system gives more weight to reductions in
crowding than to increases in education than would be appropriate given their relationship to consumption.
If the basic needs weights are intended to reflect the relationships of both variables to overall consumption
as well as an adjustment for their intrinsic value, then the weights seem to suggest a value judgment that
being literate or attending primary school is less important than reducing crowded bedrooms.



Hentschel, Lanjouw, Lanjouw, and Poggi 1S5

Before moving to the second step, in which we apply the models to the census
data, we test to see if predicting consumption (on the basis of the survey) im-
proves targeting relative to the basic needs indicator. Although we obtain reason-
able fits for cross-sectional regressions (as reported above), the coefficients of
determination remain significantly lower than 1. To assess the performance of
the model, we compare the basic needs indicator to actual consumption, as in the
exercise reported in column 2 of table 3. We find that prediction models are
better at identifying the poorest households-poorest in terms of consumption
expenditures-than the basic needs indicator (columns 3 and 4 of table 3). In the
first test we use the full household sample in the prediction models and apply the
parameter estimates to the full sample (column 3). Targeting efficiency improves
by almost 50 percent, with almost 60 percent of the bottom quintile as desig-
nated by predicted consumption also found in the bottom quintile as designated
by actual consumption. The second test is considerably more demanding (col-
umn 4). Here, we (randomly) split the household survey in half and estimate the
model of consumption using only half of the survey data. We then predict con-
sumption for the other half of the sample (an out-of-sample prediction). As ex-
pected, the improvement over the basic needs indicator is less dramatic with this
test. Nevertheless, if our goal is to target the bottom 20 percent of the popula-
tion, this approach still improves targeting efficiency from 41.4 percent (basic
needs) to 51.0 percent.

Predicting Poverty

We now proceed to the second step of the imputation exercise and apply to the
census data the parameter estimates from the regressions (using the full house-
hold sample). For each household in the census we multiply its characteristics by
the parameter estimates from the applicable regression (determined by the loca-
tion of residence) in order to obtain an imputed value for the log of per capita
consumption expenditures. We then estimate the household's probability of
being poor, taking into account that the model does not perfectly explain
consumption (the R2 values never equal 1) and that predicted consumption is
based on sample data. Finally, we calculate the incidence of poverty as the mean
of the household-specific estimates for the population in a given region of the
census.10

More formally, given a poverty line, z, the indicator of poverty, Pi, for each
household i is

(2) Pi = 1 if In y1 < ln z; Pi = O otherwise.

10. Our discussion relies on a single poverty criterion-the incidence of poverty-and a single poverty
line. One could, however, rank regions according to a range of poverty or inequality measures and experiment
with a range of poverty lines (see Elbers, Lanjouw, and Lanjouw 2000). Also, our study examines the
incidence of poverty among households. To calculate the incidence of poverty at the level of individuals, it
is necessary to weight each household-level observation by the corresponding household size. The poverty
figures provided in the tables are such weighted totals.
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Using the model of consumption in equation 1, the expected poverty of house-
hold i with observable characteristics Xi is

(3) E(Pi I X', 0, (D) In z - X '

where CD is the cumulative standard normal distribution. Given that we are deal-
ing with the headcount poverty indicator (equation 2), equation 3 is simply the
probability that a household with observable characteristics Xi is poor." From
equation 1 we obtain estimates of p, the vector of coefficients, and d. Thus our
estimator of the expected poverty of household i in the census is

(4) Pi E(P. I X' =i, 6,6) = (D In z -X '

which, as a continuous function of consistent estimators is, itself, a consistent
estimator of E(Pi). P, regional poverty, is

lN

(5) P =N Pi,

where N is the number of households in the region, and expected poverty is

lN

(6) E(P I X, i,) = E(PiIi,,)

The predicted incidence of poverty, P*, given the estimated model of consump-
tion, is thus

(7) P= E(P1IX,I1,r) =-1 4 n xg
) fi ~~~~~~~~N E= i 

We calculate the incidence of poverty as the mean of households' probability of
being poor rather than simply count households whose predicted expenditures are
below the poverty line. The latter approach would give biased estimates of poverty
rates.12 Because of the random component of consumption, e, no household has a
zero probability of being poor or nonpoor, given its observed characteristics.

11. That is, if we were to take infinite draws from a population of households, the resulting poverty
rate among households with observable characteristics Xi would be that given in equation 3. This value is
not, in general, the same as the actual poverty rate, which is a sample from this infinite population, and
depends on the particular realizations of c,.

12. This problem has been noted in the context of measuring the welfare of individuals, in which the
bias arises because of inequality in intrahousehold distribution (Haddad and Kanbur 1990). See also
Ravallion (1988). The Peruvian statistical institute-INEI (1996)-develops a model very similar to the one
used here but derives poverty rates by directly estimating the headcount rate, not the predicted probability
of being poor.
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For each geographic region we compare the estimated incidence of poverty
from the census data, using our imputed consumption values, with the rates ob-
tained from the ECV household survey, using the consumption figures actually in
the data (table 4). The incidence of poverty estimated from the ECV data in Ecua-
dor as a whole is 35 percent. In general, poverty rates in the survey are reason-
ably close to, although somewhat lower than, those from the census (except in
rural Oriente, for which the figures are the same in the two data sources). The
differences are likely a result of changes in the exogenous variables underpinning
the consumption regressions between the 1990 census and the 1994 ECV survey.
For example, reductions in poverty are most apparent for Sierra, the region in
which mean years of schooling of the household head appear to have risen most
sharply between 1990 and 1994 (see the appendix). At the regional level, stan-
dard errors on the poverty rates calculated from the census are remarkably low.13

The two data sources do not rank the eight regions identically, but both clearly
identify rural areas as poorer than urban areas, with rural Oriente emerging as
the poorest region. World Bank (1996) indicates that orderings of regions, based
on the ECV data, generally are not robust in that alternative poverty lines and
poverty rates produce different rankings. The only exception is the rural versus
urban ranking, which is found to be highly robust (first-order stochastic domi-
nance held, with rural Ecuador being consistently poorer than urban Ecuador).
The comparison of regional rankings based on the ECV and census data is consis-
tent with these dominance results.

Standard errors on the ECV poverty rates (table 4) are such that we cannot
reject the hypothesis that within sectors (urban and rural) poverty rates across
regions are the same (although we can distinguish statistically between urban

13. For poverty incidence calculated from census data, the standard error of our indicator around the
true poverty rate can be calculated as follows (see Elbers, Lanjouw, and Lanjouw 2000 for details):

p,, N m, I n z -X, " 

Var(P> Cl} ) - -() 7 `a2, _n-k-l _ m2

where n is the sample size for the consumption model with k parameters, estimated using the ECV survey;
N is the number of households in the census population in the region of interest; m, is the number of
individuals in household i; and M is the total number of individuals in the census population.

where ij indicates the jth element of the vector of explanatory variables for the ith household, and

DP' =_1-im,(Inz-X' lnz-X:&J
;aT2 2 =, M 1, (53 4° '
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Table 4. Regional Poverty Rates for Ecuador
Region ECV data Census data

Rural Oriente 0.67 0.67
(0.02) (0.004)

Rural Costa 0.50 0.52
(0.02) (0.002)

Rural Sierra 0.43 0.53
(0.02) (0.001)

Guayaquil 0.29 0.35
(0.02) (0.002)

Quito 0.25 0.33
(0.02) (0.002)

Urban Costa 0.25 0.29
(0.02) (0.002)

Urban Oriente 0.20 0.25
(0.02) (0.009)

Urban Sierra 0.19 0.29
(0.02) (0.003)

Note: Estimated standard errors are in parentheses.
a. Rates from the census are calculated using imputed expenditures based on a model calibrated from

the ECV survey.
Source: Authors' calculations.

and rural sectors). Our estimates from the census data are sufficiently precise to
permit meaningful comparisons across regions within sectors.14

III. TRACKING POVERTY AT THE PROVINCIAL LEVEL

Using the methodology we have outlined, we can construct a poverty map,
based on consumption expenditures, at a level of disaggregation below the eight
broad regions for which the ECV is suitable. For example, there are nearly 400
cantons in Ecuador, each with some degree of local autonomy and administra-
tion, and these cantons can themselves be divided into more than 1,000 parroquias
(parishes). Working with the census data, we can easily calculate expected pov-
erty rates at the canton or parish level to determine where poverty is concen-
trated. In fact, as we have seen in the example described in section I, we can, in
principle, use the census data to identify poor households and to target transfers
to these households directly.

However, the standard errors on poverty estimates are a function of the degree
of disaggregation of the poverty map (see the final term in the third equation of
note 13). This warns us against attempting to use our methodology to identify, say,
individual households that are poor.lS Moreover, these objections come in addi-

14. Because the eight regions that we are comparing are based on different regression models in the ECV, the
parameter estimates underlying the predicted expenditures are independent across regions. Therefore we can test
for statistical significance of the difference in poverty rates between region r and region u based on the formula:

Var(P,' - Pu ) = Var(P,*) + Var(P ).
15. Suppose that the predicted probability of poverty for a given household is 48 percent. For a

single household a lower-bound estimate of the standard error on that household's poverty rate would be

0.49 _ 10.48(1- 0.48).
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tion to the well-known arguments against targeting in this way, which focus on the
impact that such policies could have on the behavior of potential beneficiaries.'6

Despite the dangers of micro-targeting, it may be desirable to develop a pov-
erty map that is more disaggregated than broad regions. Ultimately, the optimal
degree of disaggregation will depend on a number of factors. One is the precise
purpose of the poverty map. Will it, for example, be used to identify government
administrative areas so that the desired level of disaggregation is some level of
local government? Or will it be used to identify poor villages or neighborhoods
so that community-level projects (such as public infrastructure projects) can be
better targeted? A second important consideration is whether we can assume that
the parameter estimates from a regression model estimated, say, at the regional
level, apply at subregional levels. Throughout this exercise we implicitly assume
that, within a region, the model of consumption is the same for all households
irrespective of the province, county, or community in which they reside. We can-
not test this assumption, and at very fine levels of disaggregation it might be less
appealing. (See Elbers, Lanjouw, and Lanjouw 2000 for a discussion of the im-
plications of spatial autocorrections).

The desired degree of disaggregation also will depend on the availability of other
sources of information, possibly local sources, on the poverty of individuals. Fi-
nally, other methods of local targeting, such as self-targeting, will become more
important and effective at certain levels of disaggregation. Constructing a poverty
map thus is likely to be a sequential process of gradual disaggregation until one
reaches the point at which it seems there is no further insight to be gained.

Breaking down the headcount poverty rate by province, we see that poverty
rates vary considerably (table 5). We also see that the standard errors on the
poverty rates remain low, so that disaggregating to the level of provinces has not
come at a significant cost in terms of statistical precision. A poverty map would
have to be highly disaggregated before the standard errors would increase signifi-
cantly because of small populations. In fact, only when the parish population
falls well below 500 households do the corresponding standard errors rise enough
to compromise comparisons (figure 1).17

16. Van de Walle and Nead (1995) provide a clear and thorough discussion of these issues.
17. We would calculate the standard error on the difference in poverty rates between two parishes in

different regions as described earlier. However, because the parameter estimates determining the imputed
expenditure figures are the same for all parishes within a given region, the standard error on the difference
between two parishes in a given region is:

Var(P, (p I) ar(p) P a)( ( P.)) 20 + ,,(1- P )P ).
'al4 aI n-k-l1 MilM MS

a(P -P )= Em' x, j:lnz -X h,, , k(X 1.)Qlz - x*,8
ap, , M, (Y 6 )_ * zta )t

where N, M, and m are defined as in footnote 13 for parishes 1 and 2, which are subscripted by i and k,
respectively, the subscript j indicates the jth element of the given vector, and

a(, 2 l a ) (6 )&j,I MJ2 2 & )~&
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Table 5. Poverty Map of Ecuador
Region and province Expected poverty rate Standard error

Rural Oriente 0.67 0.004
Pastaza 0.65 0.005
Sucumbios 0.65 0.005
Morona Santiago 0.66 0.005
Zamora Chinchipe 0.67 0.005
Napo 0.69 0.004

Rural Sierra 0.53 0.001
Tungurahua 0.45 0.002
Pichincha 0.46 0.002
Azuay 0.50 0.002
Canar 0.52 0.003
Bolivar 0.55 0.003
Imbabura 0.56 0.003
Loja 0.57 0.003
Carchi 0.58 0.004
Chimborazo 0.59 0.003
Cotopaxi 0.63 0.003

Rural Costa 0.52 0.002
El Oro 0.45 0.003
Guayas 0.48 0.002
Los Rios 0.55 0.002
Manabi 0.56 0.002
Esmeraldas 0.59 0.003
Galapagos 0.14 0.008

Urban Costa
Guayaquil 0.35 0.002

Urban Sierra
Quito 0.33 0.002

Costa other urban 0.29 0.002
El Oro 0.24 0.003
Esmeraldas 0.27 0.004
Manabi 0.29 0.003
Guayas 0.30 0.003
Los Rios 0.32 0.003

Sierra other urban 0.29 0.003
Azuay 0.23 0.003
Tungurahua 0.25 0.004
Chimborazo 0.25 0.004
Cotopaxi 0.28 0.004
Loia 0.31 0.004
Canar 0.31 0.006
Imbabura 0.33 0.004
Carchi 0.33 0.005
Pichincha 0.33 0.003

Urban Oriente 0.25 0.009
Pastaza 0.24 0.011
Zamora Chinchipe 0.24 0.013
Morona Santiago 0.28 0.013

Source: Authors' calculations.
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Figure 1. Standard Errors on Headcount Rates and Population Disaggregation
in Ecuador, Parish-Level Estimates
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IV. CONCLUDING REMARKS

In many developing countries poverty maps play an important role in guiding
the allocation of public spending for alleviating poverty. A poverty map is essen-
tially a geographic profile of poverty, indicating in which parts of a country pov-
erty is concentrated and thus in which locations policies might be expected to
have the greatest impact on poverty. A poverty map is most useful if it can be
constructed at a fine level of geographic disaggregation.

To achieve such fine levels of disaggregation, it is essential to work with very
large data sets. However, it is rare to find survey data that are both large in
sample size and detailed in terms of household welfare. In general, there is a
trade-off between size and quality because both goals are costly in financial and
administrative terms.

In this article we have explored the possibility of combining the best parts of
two different sources of data in order to construct a disaggregated poverty map
that is based on an income or consumption measure of welfare. Constructing a
poverty map based on census data, but using an ad hoc weighting scheme, may
not be a good way to target those households deemed poor on the basis of their
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consumption. Transfer programs based on such a map might reach only a subset
of the intended beneficiaries and might entail considerable leakage to the nonpoor.

We suggest an alternative approach. Using household data from a high-
quality, but small, living standards survey for Ecuador (SECAP 1994), we directly
model consumption as a function of explanatory variables that also are present
in the census. Because even the relatively few explanatory variables common to
both the census and the ECV explain much of the variation in household con-
sumption in the ECV, the incidence of poverty calculated from the census, based
on this imputed consumption figure, is close to that calculated from the ECV. In
Ecuador the poverty rates derived in the census generally are calculated with a
high level of statistical precision. This precision declines as the degree of spatial
disaggregation increases: although one might be tempted to use the methodology
developed here to identify individual poor households, we demonstrate that such
an application would be inappropriate. Our approach can be used at a high level
of disaggregation but should be supplemented with complementary sources of
information.

The most useful practical application of this methodology is probably in mak-
ing comparisons with regional patterns of other indicators of well-being, oppor-
tunity, and access. For example, one could overlay our poverty map on a map
documenting regional patterns of access to primary health care centers. Such an
exercise could help policymakers decide where to prioritize efforts to expand
access to primary health centers. It also could help policymakers decide how to
expand such access-they might want to subsidize access in poor areas but ex-
periment with cost-recovery methods in less-needy areas. Furthermore, a close
correlation between, say, regional patterns of rural poverty and road access also
might offer clues as to possible causes of poverty. This type of exercise could be
undertaken for a wide range of indicators: levels of health and education, ethnicity
and indigeneity, access to infrastructure and other public services, land quality
and ecology, environmental conditions, and so on.

Finally, the ability to construct finely disaggregated poverty maps also might
inform broader research questions. One direction would be to examine how the
relationship between distributional outcomes and economic performance varies
spatially within a country, in a manner analogous to cross-country analysis. This
approach may avoid some of the methodological concerns arising with cross-
country analysis. Other research questions also could be tackled. For example,
underlying some of the current arguments in favor of decentralizing poverty pro-
grams is a notion that local communities themselves are best placed to identify
the kinds of interventions that would be most beneficial to the poor. This posi-
tion hinges somewhat on the contention that at the community level a subset of
nonpoor households is less likely to capture public resources. This assumption
probably is linked to the degree of inequality at the community level, something
that traditionally has been difficult to measure. With the methodology presented
here, household consumption inferred from the census could be analyzed to as-
sess the extent of inequality within the community.



Appendix. Comparative Descriptive Statistics from the 1994 LSMS and the 1990 Census
Rural Sierra Urban Sierra Quito Rural Costa

Indicator LSMS Census LSMS Census LSMS Census LSMS Census

Years of schooling of household head 4.48 4.33 8.75 8.11 10.67 9.52 3.63 4.12

(3.36) (4.18) (5.15) (5.19) (5.25) (5.23) (3.16) (4.01)

Male household head 0.84 0.78 0.81 0.77 0.82 0.79 0.96 0.87

Persons per bedroom 3.04 3.28 2.42 2.59 2.21 2.45 3.74 3.73

(1.78) (2.05) (1.49) (1.66) (1.32) (1.52) (1.98) (2.29)

Connection to public water network 0.31 0.52 0.94 0.89 0.90 0.83 0.08 0.21

Garbage collection by truck 0.25 0.19 0.80 0.81 0.89 0.88 0.05 0.12

Flush toilet 0.37 0.24 0.69 0.68 0.79 0.68 0.27 0.33

Telephone connection 0.04 0.07 0.31 0.27 0.43 0.36 0.00 0.03

Urban Costa Guayaquil Rural Oriente Urban Oriente

Indicator LSMS Census LSMS Census LSMS Census LSMS Census

Years of schooling of household head 6.64 6.91 8.88 8.65 5.82 5.16 8.27 8.29

(4.42) (4.98) (4.89) (4.96) (3.94) (4.08) (4.50) (4.79)

Male household head 0.83 0.80 0.77 0.78 0.89 0.85 0.83 0.78

Persons per bedroom 3.16 3.12 3.01 2.99 3.54 3.49 2.54 2.64

(2.08) (1.96) (1.87) (1.92) (1.89) (2.26) (1.50) (1.63)

Connection to public water network 0.55 0.71 0.72 0.62 0.16 0.29 0.92 0.87

Garbage collection by truck 0.57 0.56 0.75 0.54 0.10 0.20 0.81 0.83

Flush toilet 0.66 0.71 0.76 0.75 0.23 0.18 0.66 0.60

Telephone connection 0.12 0.13 0.25 0.23 0.01 0.03 0.24 0.14

Note: Figures given are means. Standard deviations are in parentheses. All variables except for years of schooling and persons per bedroom are dummy variables

taking the value of I for a positive response and 0 otherwise.
Source: Authors' calculations.
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Community Targeting for Poverty Reduction in
Burkina Faso

David Bigman, Stefan Dercon, Dominique Guillaume,
and Michel Lambotte

This article develops a method for targeting antipoverty programs and public projects to
poor communities in rural and urban areas. The method calls for constructing an exten-
sive data set from a large number of sources and then integrating the entire set into a
geographic information system. The data set includes demographic data from the popu-
lation census; household-level data from a variety of surveys; community-level data on
local road infrastructure, public facilities, water points, and so on; and department-level
data on agroclimatic conditions. An econometric model that estimates the impact of
household-, community-, and department-level variables on household consumption is
used to identify the key explanatory variables that determine the standard of living in
rural and urban areas. This model is then applied to predict poverty indicators for 3,871
rural and urban communities in Burkina Faso and to map the spatial distribution of
poverty in the country. A simulation analysis assesses the effectiveness of village-level
targeting based on these predictions. The results show that such targeting is an improve-
ment over regional targeting in that it reduces leakage and undercoverage.

Budgetary and social pressures to improve the impact of health, education, and
rural development programs on the poor are a strong impetus to improve target-
ing. Undifferentiated transfers that cover the entire population, such as general
food subsidies, have proved to be beyond the budget constraints of most devel-
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oping countries. Further, the benefits of such transfers go disproportionately to
the nonpoor.1 In many developing countries, particularly those in Sub-Saharan
Africa, targeting criteria that cover large geographic areas or large population
groups also are likely to be ineffective and too costly to implement. A program
that is targeted to the entire rural population, for example, may cover the major-
ity of the country's population-both poor and nonpoor.

More accurate targeting requires criteria that can effectively identify eligible
recipients. Such criteria can be narrowly defined, for example, at the level of
individual households. Or they can be more broad-based, at the level of a region
or province, by identifying the geographic areas or population groups that have a
higher than average incidence of poverty (van de Walle 1995). Targeting at the
household level is very information-intensive and thus very costly. Identifying
eligible households requires complex and expensive means testing. But means-
testing is only partly successful even in many industrial countries-despite the
wide range of household data that are available in those countries-and a large
portion of the benefits leak to ineligible households.

Most developing countries do not have the needed information on individual
households, particularly poor households, which limits the scope for narrow tar-
geting. As an alternative to direct means testing, standard household income and
expenditure surveys, such as the World Bank's Living Standards Measurement
Study (LSMS) surveys, can be used to identify more general characteristics of the
poor and thereby to determine a set of indicators, such as number of children or
place of residence, that can distinguish the poor.

With the LSMS data set for C6te d'Ivoire, Glewwe (1991) examines the trade-
off between using a refined and exhaustive set of indicators for narrow targeting
and the cost of collecting the information needed to derive these indicators. He
concludes that, for C6te d'Ivoire, a fairly limited set of community and house-
hold indicators proved to be quite effective in identifying poor households. How-
ever, the incentives for households to change or to lie about their characteristics
in order to qualify for a program once these indicators are set can significantly
reduce its effectiveness and blow up budgetary costs.2 This problem, together
with the high cost of administering a program at the household level and the
danger that these eligibility criteria will leave out many of the country's poor, has
deterred the governments of most developing countries from targeting social
welfare programs to individual households.

Geographical targeting at the level of the province or region may be an effec-
tive approach for reaching the poor in countries where there are substantial dis-
parities in living conditions between geographic areas and where administering
poverty programs is relatively straightforward because the local administration
is already in place. In India the central government disburses funds across states,
in part according to the large disparities in poverty among states. The decision to

1. For simulated examples from Latin America see Baker and Grosh (1994).
2. See also Besley and Kanbur (1991).
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locate rural development projects in poorer regions has become the center of
India's poverty-oriented agricultural development strategy.

However, even in countries where the poor are concentrated in certain states
or regions, geographical targeting at the level of large administrative areas is
likely to entail considerable leakage to the nonpoor who live in target areas and
fail to cover the poor who live in other areas. Although programs targeted at
high levels of geographic aggregation are likely to result in less leakage and better
coverage than general, nontargeted programs, their effectiveness in terms of pov-
erty reduction tends to be quantitatively small (Ravallion 1993, Baker and Grosh
1994, Ravallion 1996). Targeted programs may also give households an incen-
tive to move to targeted areas, defeating the purpose of the program and raising

its costs.
Ravallion (1993) evaluates the costs and effects of geographical targeting at

the level of the province in Indonesia. He concludes that, although targeting clearly
helps to alleviate poverty, the magnitude of the gain is small. Baker and Grosh
(1994) analyze geographical targeting in Republica Bolivariana de Venezuela,
Mexico, and Jamaica and conclude that targeting priority regions can be an ef-
fective mechanism for transferring benefits to the poor. But with a given budget
constraint, poverty reduction is greater the narrower are the target areas. The
greatest reduction in poverty is achieved when the target areas are municipalities
or villages.

Narrow geographical targeting at the level of the village or the urban commu-
nity can reduce leakage in countries or regions where the majority of the popula-
tion in a village or urban community faces similar socioeconomic conditions and
living standards. Many of the households in a village or urban community may
have similar sources of income, and all households are affected by the same
agroclimatic and geographic conditions, including road conditions, distance to
the nearest town, and availability of public facilities for services such as health,
education, and water supply. Consequently, income inequality often is due, to a
considerable degree, to income differences among villages and only to a lesser
degree to income differences among individuals within villages.

But targeting at the district or village level requires much more information on
the spatial distribution of poverty across districts or villages and on the charac-
teristics of the poor in these areas. In most developing countries information on
the standard of living is provided by a household survey. But the sample size of
the standard survey is far too small to allow an estimation of the incidence of
poverty at the level of the village or the district for the entire country. At present,
the LSMS surveys can provide a map of the spatial distribution of poverty only
among the country's main regions.

Some countries that rely on geographical targeting establish criteria for target-
ing that instead are based on more readily available indicators, such as access to
public services, the percentage of school-age children who attend school, and the
prevalence of certain illnesses associated with malnutrition. All too often, how-
ever, these indicators are not sufficiently correlated with the welfare indicators of
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the local population, which may lead to targeting errors in determining eligibility
(Hentschel and others 1998).

The objective of this article is to present a method for geographical targeting
at the level of rural villages and urban communities. We construct a large data set
from several sources and integrate the data at the level of the village or urban
community using geo-referencing. We then organize this database in the form
of a geographic information system (GIS). With the GIS database we can generate
a mapping of poverty at the level of the community and the province. The data-
base includes several strata of information: demographic and socioeconomic in-
formation at the household level (taken from a variety of surveys); village- and
community-level information, including demographic information from the popu-
lation census, distance to urban centers, condition of road infrastructure, avail-
ability and quality of public services, and sources of drinking water; and depart-
mental or regional information on agroclimatic and geographic conditions,
including the location of the main towns and main transport routes.

In the second step of the analysis we use the GIS database, along with detailed
data from a household survey, to construct a prediction model of household
welfare. The model includes household-, community-, and department-level vari-
ables selected from the GIS database and therefore includes only variables for
which mean values are available for all communities in the country.

In the third step we use the predictions of this model to estimate the incidence of
poverty and the average level of well-being of the households in a community for
all communities in the country. These estimates determine, in turn, the spatial dis-
tribution of poverty in the country at the village level. We apply this method to
Burkina Faso, using the relatively detailed household data of the Priority Survey.

I. THE DATA

We collected data for this study from a large number of sources and aggre-
gated them at the level of the village according to the name of the village and its
geographic coordinates. Some of the data, most importantly the census data,
cover all villages in the country or the entire population; other data cover only a
sample of villages and a sample of households within each village (table 1). We
could not use all of the data in the econometric analysis, however; some of the
data did not cover all provinces, while other data, most notably those from the
agricultural survey, did not contain the information needed to incorporate them
into the GIS database.

After we collected the data, we standardized them and integrated them within a
common data set. This data set contained more than 60 tables with information on
the geographic coordinates of all villages, towns, markets, and public facilities; data
on the entire road network; socioeconomic and demographic data from a variety of
surveys and the population census; and data on the agroclimatic conditions in the
country's main provinces. We then organized the data as a GIS, that is, a computer
system that allows the analysis and display of geographic and other data.
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Table 1. Data Sources
Level of
aggregation Source Coverage

Household Priority Survey (1994): data on income and expenditures Survey sample
for 8,642 households (473 villages)

Village Priority Survey (1994): community component, which Survey sample
covers infrastructure and communal services (473 villages)

Village National census (1985): demographic data National
Village Ministry of Water Management and Infrastructure (1995): 25 of 30

data on health and water infrastructure, distances to provinces
infrastructure, public administration, and social groupings

Village Ministry of Education (1995): data on primary school National
infrastructure and teacher-pupil ratios

Department Ministry of Agriculture (1993): data on various indicators National
ranging from average literacy rates to vegetation indexes

Department Directorate of Meteorology (1961-95): data on temperature National
(31 locations), evapotranspiration (15 locations) and rainfall
(160 locations)

Province Ministry of Agriculture (1993): data on cattle per household National

To illustrate the type of information that we extracted from the GIS for the
community study, figure 1 (in the appendix) shows the location of water points
and their proximity to the villages in the Department of Karangasso-Vigue. The
points on the map that indicate the location of the villages are scaled according
to the size of the village population, thus showing the demand pressures on each
water point. The map also contains information on road infrastructure, includ-
ing the quality of roads, and on the hydrographic networks.

We had to limit our study to a smaller data set, because not all data were
available for all villages at the time that the data were collected for inclusion in
the GIS. In particular, the data obtained from the Ministry of Water Management
were limited to 25 provinces, or 5,207 of the country's 6,821 villages. Data for
the remaining five provinces were subsequently collected from the Ministry in
another survey, but very few variables were comparable between the two sur-
veys. In some villages data on other variables were also missing, and thus we had
to reduce the number of villages in the final prediction analysis to 3,871, or 57
percent of the country's total number of villages (descriptive statistics are given
in tables 2 and 3).

The lack of sufficient data for all 6,821 villages is, of course, a cause for con-
cern. Some of the missing data are available in the archives of the different min-
istries and, in principle, could be retrieved. However, if a significant number of
villages still do not have all the necessary data, targeting will have to be made at
higher levels of geographic aggregation (at the department or province level). To
target at these higher levels, we still would have to use the predictions of village-
level poverty obtained for all villages outside the sample; we cannot use the
household survey directly because the sampling frame and the sample size do not
adequately represent all departments and provinces.



Table 2. Descriptive Statistics on Variables Used in the Estimation
Urban Rural

Aggregation Standard Number of Standard Number of Data
level Variable Meane errora observations Meana errora observations source

Household Children 0-6 years per adult (15-50
years) in household 0.530 0.495 2,671 0.779 0.598 5,508 Priority Survey

Household Children 7-14 years per adult in
household 0.618 0.590 2,671 0.748 0.640 5,508 Priority Survey

Household Elderly persons (50+) per adult in
household 0.183 0.343 2,671 0.313 0.426 5,508 Priority Survey

Household Literate head in household 0.477 0.499 2,736 0.134 0.341 5,906 Priority Survey
Household Percentage male adults literate in

household 0.562 0.422 2,736 0.177 0.313 5,906 Priority Survey
Household Percentage female adults literate in

household 0.373 0.397 2,736 0.053 0.174 5,906 Priority Survey
Household Livestock units per capita 0.123 0.909 2,736 0.442 0.943 5,906 Priority Survey
Village Distance to nearest rural primary

school n.a. n.a. n.a. 2.290 5.640 4,412 Ministry of Water
Management and
Infrastructure

Village Teachers per child ages 7-14 years 0.014 0.002 2,736 0.005 0.006 5,760 Ministry of
Education

Village Distance to nearest health facility n.a. n.a. n.a. 4.790 7.770 4,434 Ministry of Water
Management and
Infrastructure



Village Nearest facility has safe water 0.820 0.390 2,416 0.034 0.180 4,434 Ministry of Water
Management and
Infrastructure

Village Number of pumps per rural community n.a. n.a. n.a. 7.350 10.640 5,241 Ministry of Water
Management and
Infrastructure

Village Presence of an all-weather road n.a. n.a. n.a. 0.570 0.500 4,434 Ministry of Water
Management and
Infrastructure

Department Cultivated area in department per capita 0.211 0.221 2,736 0.507 0.301 5,760 Famine Early
Warning System

Department Average rainfall, 1980-94 65.800 10.070 2,736 62.500 14.840 5,760 Directorate of
Meteorology

Department Absolute value of deviation of rainfall
from average, 1994 19.450 14.490 2,736 22.580 12.960 5,760 Directorate of

Meteorology

Department Average length rainy season, 1982-92 9.520 1.340 2,736 9.530 2.000 5,760 Famine Early
Warning System

Department Average vegetation index, 1982-92 0.114 0.034 2,736 0.136 0.051 5,760 Famine Early
Warning System

Department Homogeneity of rainy season, 1982-92 0.162 0.019 2,736 0.161 0.036 5,760 Famine Early
Warning System

n.a. Not applicable.
Note: For village- and department-level variables, the same value is assumed for all households in the community.
a. Weighted using sampling weights.
Source: Authors' calculations.



Table 3. Descriptive Statistics on Variables Used in the Prediction
Urban Rural

Aggregation Standard Number of Standard Number of Data
level Variable Mean, errora observations Meana error' observations source

Village Children ages 0-6 years per adult
(15-50 years) in household 0.656 0.110 300 0.645 0.227 6,818 National Census

Village Children ages 7-14 years per adult in
household 0.593 0.120 300 0.563 0.280 6,818 National Census

Village Elderly persons (50+) per adult in
household 0.320 0.076 300 0.348 0.351 6,818 National Census

Province Literate head in household 0.450 0.181 191 0.113 0.075 6,711 Priority Survey
Province Percentage male adults literate in

household 0.522 0.147 191 0.141 0.079 6,711 Priority Survey
Province Percentage female adults literate in

household 0.323 0.149 191 0.044 0.034 6,711 Priority Survey
Province Livestock units per capita 0.147 0.090 191 0.492 0.263 6,711 Ministry of

Agriculture
Village Distance to nearest rural primary school n.a. n.a. n.a. 4.390 5.040 4,556 Ministry of Water

Management and
Infrastructure

Village Teachers per child ages 7-14 years 0.023 0.032 295 0.003 0.011 4,753 Ministry of
Education

Village Distance to nearest health facility n.a. n.a. n.a. 6.790 7.460 4,393 Ministry of Water
Management and
Infrastructure



Village Nearest facility has safe water 0.150 0.350 219 0.005 0.073 4,390 Ministry of Water
Management and
Infrastructure

Village Number of pumps per rural community n.a. n.a. n.a. 2.350 2.765 5,425 Ministry of Water
Management and
Infrastructure

Village Presence of an all-weather road n.a. n.a. n.a. 0.430 0.500 4,618 Ministry of Water
Management and
Infrastructure

Department Cultivated area in department per capita 0.669 0.605 300 0.751 0.717 6,821 Famine Early
Warning System

Department Average rainfall, 1980-94 65.520 15.340 300 69.160 16.340 6,821 Directorate of
Meteorology

Department Absolute value of deviation of rainfall
from average, 1994 18.900 11.540 300 18.610 13.950 6,520 Directorate of

Meteorology
Department Average length rainy season, 1982-92 10.190 2.310 300 10.770 2.440 6,520 Famine Early

Warning System
Department Average vegetation index, 1982-92 0.126 0.054 300 0.121 0.051 6,821 Famine Early

Warning System
Department Homogeneity of rainy season, 1982-92 0.152 0.038 300 0.153 0.036 6,821 Famine Early

Warning System

n.a. Not applicable.
Note: For department-, province-, and village-level variables, the same value is assumed for all households in the community.
a. Weighted using total population relative to village population.
Source: Authors' calculations.
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Similar to the LSMS surveys, the sampling for the Priority Survey used to esti-
mate the consumption model was semistratified (INSD 1996). The survey was
designed to be representative at both the national and regional levels. The coun-
try was divided into seven regions: five rural regions representing five agroclimatic
areas and two urban regions, one comprising Ouagadougou and Bobo-Dioulasso,
Burkina Faso's two main cities, and the other comprising the remaining cities.
From the seven regions 434 enumeration areas were selected on the basis of their
socioeconomic characteristics. In each, 20 households were randomly selected.
For our econometric estimation, however, we had to reduce the sample size to
5,618 households and 201 enumeration areas because of missing data for five
provinces and incomplete data for certain variables in a few other villages.

II. METHODOLOGY

The econometric analysis in this article has two parts. The first estimates a
prediction model for household consumption, using the household data of the
Priority Survey and the community data from all other sources, in order to deter-
mine the variables that best explain household consumption and poverty. The
explanatory variables we select for the prediction model include only those for
which we have data for all villages outside the Priority Survey sample. In the
second part of the analysis we use the prediction model and the village-level data
from the GIS database to measure welfare at the village level for all villages out-
side the Priority Survey sample. In line with similar studies on this subject, we use
consumption per standard adult (adult equivalent) as our welfare indicator at the
household level and use the headcount index as the measure of poverty.3

The Two Models

Let c:i denote the level of consumption per standard adult in household i lo-
cated in community j. Let z denote the poverty line, and let yii = cijlz be the
normalized welfare indicator per standard adult. We conduct the analysis in terms
of the natural logarithm of yij. For a poor person, therefore, yij < 1, or In yij < 0.
The headcount index, Hi, which measures the relative size of the poor population
in community j, is equal to the mean value of the individual poverty indicators,
Hi,, which indicate the probability that the household ij is poor, over all the
individuals in that community. The individual poverty indicator is determined by
the normalized welfare function as follows:

(1) Hi, = 1 if In yi1 < 0
Hij = 0 if In yij> 0.

In constructing the prediction model, we represent the individual welfare indi-
cator as a function of a vector of household and community explanatory vari-
ables Xii and a residual term uii, which is assumed to be normally distributed with

3. We use simple nutritional adult equivalence scales. These are 0.3 for a child less than 5 years old and

0.7 for a child between 5 and 15 years. Each adult counts as 1.0.
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uij- N(O,o2), thereby allowing for village-level heteroskedasticity. The predic-
tion model is thus given by:

(2) lnyi, = ' X,j + uij

As noted earlier, we only select explanatory variables if their mean values are
available for all villages in the GIS database. They include community character-
istics and mean household characteristics, such as household composition and
literacy rates, for all households in the community. We can estimate equation 2
using the maximum likelihood method, with u, - N[O, a2exp('Xjv)j, where X/v
are the mean values of the explanatory variables in community j. This formula-
tion corrects for heteroskedasticity and generates the estimators b and si of the
parameters ,B and (;j.

We use these estimators and the set of explanatory variables to predict a
community's mean consumption for all communities outside the Priority Survey
sample. Mean consumption, however, is not necessarily a good predictor of pov-
erty, since the poverty measure is a function of not only mean consumption, but
also the distribution of consumption within the community. The term s, repre-
sents one part of that distribution, since the within-community variance is the
sum of the variance of the regression and the deviation of predicted household
consumption from predicted mean consumption.4

Using these estimators and the set of explanatory variables, a consistent esti-
mate of the probability that household ij with characteristics Xi, is poor can then
be expressed as:

(3) E(Hij I Xij, b, s) = Prob (ui < - b'Xij ) = D (- b'Xi, Isl)

where 'D(.) is the cumulative normal distribution. The predicted incidence of pov-
erty in community j is determined from equation 3 as:

(4) E(Hj I Xij, b, sj ) = E [a? (- b'Xij /is)].

If complete information on X, were available for all households and all vil-
lages in the country, this prediction would be fairly straightforward: we would
use equation 3 to estimate the probability that each household in the village is
poor and equation 4 to predict the incidence of poverty in the community-
across all villages outside the sample.5 However, in Burkina Faso the only data
available for all villages outside the Priority Survey sample are the mean values
of the explanatory variables Xjv in each community. Since equation 4 is nonlin-
ear, we cannot use these variables simply to predict village-level poverty. But
we can use Taylor expansions to obtain an approximation. Thus we expand

4. The within-village variance of consumption can be written as E{[Y - E(Y )]2} = E[(b'X, - b'X )2J +

52, in which Y is the mean level of consumption in the village. In words, the variance of consumption is the
sum of the squared deviation of predicted household consumption from predicted mean consumption in
each village and the village-level variance of the prediction model.

5. Hentschel and others (1998) use this property to predict regional poverty from census data.
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equation 4 around - b'X7/si. Using the property that E(b'Xi, - b'X1v) = 0, we
obtain:
(5) E(H,) = E[D(- bXii Isj)]

- 4 (- b'X7/si) + 1/2 (b'X,7/sjN)0(- b'X,7Is,) E(b'Xij - bXV)2

where o(.) is the normal density function and E(b'Xij - b'X,V)2 is the variance of
predicted household consumption around predicted mean consumption within
each village (Maddala 1983). In words, the predicted level of poverty for villages
outside the sample is a function of the mean level of consumption per adult and
the variance around that mean. Equation 5 can therefore predict the incidence of
poverty in communities outside the sample, using the estimated parameters of
the household consumption function (b and sj) and the community-level charac-
teristics Xv of the villages outside the sample.

Empirical Estimation

We use the regression analysis to predict consumption levels for all house-
holds rather than to determine whether or not a household is poor. The latter
approach would be equivalent to estimating equation 1 directly. That approach
is often referred to as a multivariate poverty profile (Ravallion 1996). The indi-
vidual poverty indicator in equation 1 is binary, so one could use a probit (or an
alternative) model to construct a prediction model. As Ravallion points out, a
puzzling feature of this approach is that the estimation techniques used typically
were developed for situations in which the observed data were dichotomous or
truncated at zero, even though consumption was observed.

The standard way of solving this estimation problem is to define a regression
model in which a continuous latent (unobserved) variable is regressed on a set of
observed explanatory variables (Maddala 1983). A particular error structure (such
as the normal distribution for the probit) is then assumed, allowing the param-
eters of interest to be estimated. These parameters can then be used for inference
related to the explanatory variables and the observed limited dependent variable.
If this procedure is used on a poverty indicator, such as the headcount index,
then the latent variable is an observed variable that was used to calculate the
limited dependent variable. Since the latent variable is observed, limited depen-
dent variable estimation of the poverty indicator is not necessary and would be
less efficient, since some information actually available (consumption) is not used
in constructing the prediction model.

To estimate household consumption, we use a standard reduced-form frame-
work in which income (measured in terms of household consumption) is regressed
on household characteristics, including human and physical capital, as well as on
comrnunity characteristics.6 Some community characteristics are specified at the
village level, whereas others, primarily the agroclimatic conditions, are specified
at the department or regional level.

6. Examples of this approach are Glewwe and Kanaan (1989) and Coulombe and McKay (1996).
Glewwe (1991) has a useful discussion on the justification for includingparticular variablesin thistypeof
approach. We return to the problems related to this specification below.
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The Priority Survey contains a limited but important set of variables that can
be used to explain household consumption. We select household-level explana-
tory variables that allow aggregation at the community level and thus can be
used for the prediction model. This limited the choice of household-level vari-
ables to those for which the corresponding mean values at the community level
are available for all communities in the country. As a consequence, we could not
include in the estimation several variables, such as the education of household
members (as opposed to the literacy of the household head), that usually are
found to be significant in a consumption model. Furthermore, data on household
assets and landholdings, which are also significant explanatory variables in most
consumption models, are not available in the Burkina Faso Priority Survey. This
reduced the explanatory power of the model and very likely created a missing
variable problem. Moreover, since the underlying data are cross-sectional, house-
hold heterogeneity-a common problem affecting any regression of welfare indi-
cators-is also difficult to address. Despite these reservations, we were able to
collect data on most of the important explanatory variables, such as demographic
variables and variables representing human and physical capital, and include
them in the model (see table 2).

We also include village- and department-level variables. Department-level
variables are primarily climatic data and means of certain household variables
(such as the average area of cultivated land across all households in the depart-
ment), which we obtained from the Ministry of Agriculture. We distinguish be-
tween the impact of long-term climatic characteristics and the impact of tempo-
rary fluctuations by including among the explanatory variables the average level
of rainfall in the past 15 years and the absolute value of the deviation of the
previous year's rainfall from the long-term average. The village-level explana-
tory variables also include data on the distance to and quality of schools and
health facilities, the quality of access roads, and the quality of the water supply.

[II. ESTIMATING POVERTY WITHIN THE SAMPLE

Descriptive statistics on poverty and consumption reveal large differences in
the incidence of poverty between urban and rural households and a much higher
standard of living in the country's two main cities (table 4). Among rural areas,
the West has the lowest rates of poverty. Among the other regions, differences
between poverty rates are small.

In the econometric analysis we regress consumption per adult equivalent on
the explanatory variables (listed in table 2), according to the linear model given
by equation 2. We estimate this model using the maximum likelihood method, in
which the regression coefficients and the heteroskedastic errors are estimated
jointly (tables 5 and 6).7 In allowing for heteroskedasticity by community, we
can use the community-level information to predict mean consumption per equiva-

7. The regression was weighted with individual sampling weights derived from the original sampling
frame used by the World Bank and INSD.
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Table 4. Poverty and Consumption in Burkina Faso
Consumption per
adult equivalent Headcount

Region (Francs CFA per month) index'

Rural
West 7,573 0.56
South/South-East 5,699 0.67
Central-North 4,952 0.74
Central-South 5,240 0.75
North 6,122 0.64

Bobo-Dioulasso and
Ouagadougou 20,768 0.14

Other urban 12,173 0.39
National 8,766 0.58

a. The poverty line is set at two-thirds of mean consumption.
Source: Priority Survey (1994).

lent adult as well as the variation around this mean. The estimated variance within
a community may provide some information on the extent of inequality in the
distribution of consumption. We conduct the regression analysis separately for
households in rural and urban areas (pooling tests convincingly reject running
one national regression). For both urban and rural areas multiplicative hetero-
skedasticity cannot be rejected at the 1 percent level (table 6).8

Because we use maximum likelihood estimation to jointly determine the coef-
ficients in the model and the structure of heteroskedasticity, no simple R2 can be
reported. However, the ordinary least squares (OLS) estimates of the model (de-
rived in the first step) indicate that the adjusted R2s are low, equal to 0.28 for the
urban population and 0.17 for the rural population. These figures are low prima-
rily because of restrictions on the choice of variables included in the model. When
we use all the household- and community-level variables that were available in
the Priority Survey in the estimation, the R2 in the regression for rural households
rises to 0.50. Because of the low values of the adjusted R2s, we need to make
significant adjustments in applying the results in the prediction model. These
adjustments are discussed in section IV.

Interpreting the Results

The results show that the variables included in the model are strongly jointly
significant and that a substantial number of household- and community-level
variables are highly significant. The following results stand out.

The household variables that are correlated most closely with the level of con-
sumption in both rural and urban areas are the adult literacy rates. (The vari-
ables describing adult literacy also include literacy of the household head.) The

8. The Breusch-Pagan Lagrange-multiplier test convincingly rejects homoskedasticity (see table 6). The
Glesjer (1965) test indicates that in both urban and rural areas the null hypothesis of multiplicative
heteroskedasticity cannot be rejected at the 1 percent level.
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Table 5. Regression Results: Poverty and Consumption
Rural Urban

Variable Coefficient t-value Coefficient t-value

Constant 7.71 52.48* 10.82 21.99*
Children 0-6 years per adult (15-50 years)

in household 0.02 1.55 0.01 0.40
Children 7-14 years per adult in household -0.03 -1.67*** -0.04 -1.60
Elderly persons (50+ years) per adult in household 0.03 1.24 -0.13 -2.91*
Literate head in household 0.18 3.66* 0.33 7.63*
Percentage male adults literate in household 0.13 2.48`* 0.16 3.18*
Percentage female adults literate in household 0.55 8.41* 0.42 10.11*
Livestock units per capita(/10) 0.93 11.06* 0.31 1.49
Distance to nearest rural primary school (/100) -0.48 -2.80*
Teachers per child ages 7-14 years (*10) 0.21 1.07 -0.39 -0.22
Distance to nearest health facility j*100) 0.18 1.58
Nearest facility has safe water 0.14 2.92* 0.92 5.24*
Number of pumps per rural community (/100) 0.34 3.27*
Presence of all-weather road 0.10 4.83*
Cultivated area in department per capita 0.01 0.32 1.66 5.29*
Average rainfall, 1980-94 (/100) 0.53 3.39* -1.64 -2.28*
Absolute value of deviation of rainfall from

average, 1994 (/100) -0.22 -2.78* -0.44 -2.03**
Average length of rainy season, 1982-92 -0.01 -0.69 -0.06 -0.98
Average variable vegetation index, 1982-92 -0.54 -1.81*** 8.17 3.24*
Homogeneity of rainy season, 1982-92 2.50 8.38* -12.26 -3.63*

F-joint significance regression 34.58* 53.70*
F119, 4107] F[15, 2346]

Number of valid observations 4,119 2,362

* * *Significant at the 10 percent level.
* *Significant at the 5 percent level.
*Significant at the 1 percent level.
Note: Dependent variable is log of consumption per standard adult.
Source: Authors' calculation.

dependency rates, namely the number of children and elderly persons per adult in
the household, do not have a clear effect on consumption in rural households.
But in urban households the number of elderly persons per adult in the house-
hold has a significant impact on the level of consumption per adult equivalent.

The number of livestock units per capita-the only proxy for the household's
physical assets available in the Priority Survey-is significantly and positively
correlated with consumption in rural areas. The community-level variables that
characterize agroclimatic conditions also have a strong impact on consumption
in rural areas. Consumption per capita typically is higher in rural areas that have
relatively high levels of long-run average rainfall, relatively normal rain in the
survey year, and low rainfall variability over the rainy season.

However, the agroclimatic variables representing the average level of rainfall
and the homogeneity of the rainy season seem to have a negative effect on con-
sumption in urban areas. A possible explanation is that the consumption basket
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Table 6. Regression Results: Estimated Variance with Multiplicative
Heteroskedasticity

Rural Urban

Variable Coefficient t-value Coefficient i-value

Constant 0.12 5.03* 0.03 1.75***
Children 0-6 years per adult (15-50 years) in

household (community mean) 0.40 2.85* -0.86 -3.68*
Children 7-14 years per adult in household

(community mean) 0.79 6.27* 1.12 5.08*
Elderly persons (50+) per adult in household

(community mean) -0.29 -1.64*** 0.47 1.53
Literate head in household (community mean) 0.49 3.86* 0.09 0.91
Percentage male adults literate in household

(community mean) -0.26 -1.96** 0.12 1.12
Percentage female adults literate in household

(community mean) 0.11 0.90 0.05 0.70
Livestock units per capita (community mean) -0.05 -0.94 0.00 0.04
Distance to nearest rural primary school 0.00 0.07
Teachers per child ages 7-14 years (*100) 0.20 4.70* 2.00 4.95*
Distance to nearest health facility 0.00 -0.97
Nearest facility has safe water -0.38 -3.28* -1.47 -3.63*
Number of pumps per rural community 0.01 2.16**
Presence of all-weather road 0.20 4.03*
Cultivated area in department per capita 0.33 3.05* -1.03 -1.33
Average rainfall, 1980-94 0.02 4.20* 0.02 1.38
Absolute value of deviation from average, 1994 0.00 1.14 0.00 -0.38
Average length rainy season, 1982-92 0.09 2.78* 0.00 -0.01
Average variable vegetation index, 1982-92 (*10) 0.31 4.36* -3.19 -5.56*
Homogeneity of rainy season, 1982-92 (*10) -0.16 -2.25** 4.35 5.65*

Breusch-Pagan LM heteroskedasticity 603.35** 158.33
(19 degrees (15 degrees
of freedom) of freedom)

Glesjer test multiplicative heteroskedasticity 3.66* 3.66*
F[19, 4107] F[15, 2328]

* * -Significant at 10 percent level.
* * Significant at 5 percent level.
*Significant at 1 percent level.
Note: A positive coefficient on the explanatory variable indicates that this variable has the effect of

raising the variance; a negative coefficient indicates that this variable has the effect of lowering the variance.
Source: Authors' calculations.

of urban households typically includes commodities that were not recorded in
the Priority Survey (which includes only a small number of consumption items);
the reduction in consumption during the normal years recorded in the survey is
therefore spurious. Another possible explanation is that these variables are cor-
related with significant missing variables that have a negative impact on the con-
sumption of urban households. The data we had at our disposal did not allow us
to analyze these effects further.
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In rural areas consumption in villages that are farther away from schools is
generally lower. No similar effect is revealed with respect to the distance to health
facilities. One explanation may be that in some regions villages located farther
from a health facility receive services from mobile health clinics. In both urban
and rural areas the quality of services in the health facility-approximated by the
availability of safe drinking water in the facility-is significantly correlated with
the level of per capita consumption in the surrounding villages and urban neigh-
borhoods. Only aboit one-third of the health facilities in Burkina Faso have safe
drinking water.

In rural areas the quality of infrastructure, indicated by the availability of safe
drinking water in the village (measured by the number of functioning pumps),
and the quality of access roads to the village have a significant and positive im-
pact on consumption. Mean consumption in villages with an all-weather access
road is nearly 10 percent higher than in villages without one. The greater oppor-
tunity to trade, rather than produce for own-consumption, and the better alter-
natives for nonagricultural work that access to an all-weather road provides are
the main reasons for this effect.

The coefficients that determine the pattern of the village-level error terms indi-
cate that in villages where a relatively high proportion of household heads are
literate, the distribution of per capita consumption is less equal than in villages
where a low proportion of household heads are literate. It may be that in a village
with more literate adults the income differences between households with less
educated heads and households with more educated heads are relatively larger.

Households in villages with relatively high average levels of rainfall differ more
widely in per capita consumption, possibly because in these villages some house-
holds are better equipped and more able to take advantage of superior agricul-
tural conditions. Villages with higher average landholdings per household show
larger variability in per capita consumption.

Accounting for Endogeneity

Several of the interpretations of the results suggest possible causal relation-
ships between the explanatory variables and the dependent variable. However,
these interpretations are intended primarily as background for a more thorough
evaluation of the possible policy implications. We make them with the usual
caveat of potential endogeneity of the community-level variables, which means
that correlation need not imply causality. Thus, for example, the government's
policy of locating more public education facilities in poorer villages as part of its
antipoverty program will lead to a high negative correlation between average per
capita consumption and the proximity of the village to a school (Rosenzweig and
Wolpin 1986). To take another example, the availability of a large number of
water pumps in a village need not be the cause of a relatively high standard of
living, but rather may be the result of a higher demand for safe drinking water
among more affluent villagers.
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The purpose of our regression estimates is, however, to construct a prediction
model that can identify the poorest and wealthiest villages. The quality of such
predictions depends only on the degree of correlation between the explanatory
and the dependent variables, irrespective of whether or not the correlation indi-
cates causality. If, for example, health facilities are intentionally placed in poorer
villages, then the distance from a village to a health facility can be useful for
predicting the standard of living.9 Nevertheless, the possibility of endogeneity
forces us to use special care in interpreting the results forRolicy purposes.10 Al-
though the significance and size of the coefficients are suggestive, additional work
is needed to design appropriate policies for reducing poverty.

IV. PREDICTING THE GEOGRAPHIC DISTRIBUTION OF POVERTY

In the next step we apply the regression results (obtained for a sample of com-
munities) to the data available in the GIS database in order to predict the distribu-
tion of poverty across all communities in Burkina Faso. We focus on the 3,871
villages, out of a total of more than 6,000, for which all the necessary informa-
tion was available. We calculate the headcount index of a community from equa-
tion 5, using the parameter estimates that were obtained in the regression analy-
sis. To use this equation, we also need estimates of mean consumption per adult
in the community and the variance of consumption. For the term E(b'Xii - b'X7 )2

in equation 5 we use the average value per region (rather than per community) in
the survey data, and we obtain s, using the coefficients given in table 6. We pre-
dict mean consumption per standard adult in the communities outside the sample
from the mean values of the explanatory variables for each of these communities,
using the coefficients given in table 5.

Before applying these predictions for all communities outside the sample, we
assess their quality by comparing them with direct estimates of poverty from the
sample of 201 communities included in the Priority Survey. We derive the corre-
lation coefficients of the predicted and calculated level of poverty for these vil-
lages. The value of the Pearson-correlation coefficient is 0.51, and it is strongly
statistically significant. For policy decisions, however, the more relevant crite-
rion is the order of villages along the poverty scale. To test this aspect of the
prediction model, we calculate the Spearman rank correlation coefficient between
the order established by the direct estimates of poverty and the order established
by the model's predictions. That coefficient is also strongly significant at 0.43.

Another way to test the quality of the predictions is to compare the estimated
and the predicted values of the headcount index. We do this for selected commu-
nities in three provinces (table 7). Although the predicted values of the headcount
index in each community often fall outside the confidence interval of the calcu-

9. This assumption also requires that the same program placement rule be used outside the sample as
inside the sample. Since the sample is nationally representative, this may be an appropriate assumption.

10. There are other possible sources of endogeneity. For example, we assume that location is not a
choice variable. We therefore do not consider migration explicitly.
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Table 7. Comparison of Predictions and Direct Estimates of the Headcount
Measure of Poverty for Sample Villages in Three Provinces

Village identification Within-sample Outside-sample
Province number estimates' predictions

Kossi 4426 0.28 (0.01) 0.24
3786 0.33 (0.01) 0.67

512 0.54 (0.01) 0.64
2936 0.54 (0.04) 0.65
5266 0.57 (0.02) 0.56
5117 0.64 (0.02) 0.69
1626 0.68 (0.02) 0.70
1556 0.69 (0.01) 0.61
1290 0.78 (0.01) 0.70
250 0.80 (0.01) 0.57

Kouritenga 744 0.64 (0.03) 0.66
6233 0.72 (0.03) 0.66

657 0.75 (0.01) 0.57
1627 0.80 (0.03) 0.74
2943 0.83 (0.01) 0.65
3213 1.00 (0.00) 0.64
3828 1.00 (0.00) 0.76

Mouhoun 1278 0.23 (0.01) 0.32
790 0.36 (0.02) 0.52

6753 0.48 (0.03) 0.57
4982 0.48 (0.02) 0.56

740 0.50 (0.02) 0.52
5149 0.57 (0.02) 0.52
5635 0.72 (0.01) 0.60
6674 0.72 (0.01) 0.65

a. Standard errors are in parentheses (from Deaton 1997:47). The figures are weighted by household size.
Source: Authors' calculations.

lated measure, the rank order of communities from richest to poorest in each
province is similar.

Despite these results, the low R2 values in the regression analysis and the poor
quality of the data prevent us from using these predictions directly. Moreover,
these predictions rely on the assumption of normality of the error term. One
common test for normality is the Jarque-Bera test. Our estimate of the Jarque-
Bera statistic is 11.8, and we therefore have to reject the normality hypothesis.1"

As a result, we do not use the prediction to establish a complete order of
communities on the poverty scale. Instead, we divide the 3,871 villages and ur-
ban communities into four categories of poverty, ranging from the poorest to the
wealthiest, according to predicted levels of poverty. Despite the errors in these
predictions, our results suggest that most of the villages categorized as "poorest"

11. This statistic has a chi-square distribution with two degrees of freedom. The normality hypothesis
has to be rejected at a probability of 0.997. However, the Jarque-Bera test is not robust to the presence of
heteroskedasticity, which could not be rejected by the Breusch-Pegan LM test and the Gles(er test. We are
not aware of a test of normality in the presence of heteroskedasticity, but the high value of the Jarque-Bera
statistic suggests that it is highly probable that the residuals are not distributed normally.
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are likely to have a higher incidence of poverty than most of the villages catego-
rized as "least poor." The villages in the poorest category are therefore candi-
dates for targeted poverty alleviation programs, and the villages in the least poor
category are candidates for cost-recovery programs.

Given the data limitations in Burkina Faso, effective targeting would have to
focus only on these two extreme categories in order to reduce leakage as much as
possible and keep within the budget constraint. We can further improve target-
ing in the present circumstances-given the limited availability and poor quality
of the data-by dividing the villages into a larger number of categories and con-
centrating on villages in the two extreme categories. Future research intended to
improve targeting will have to focus, however, on efforts to improve the quality
of the data as well as generate additional series of geo-referenced data.

We construct the geographic distribution of rural and urban communities across
these categories of well-being within each province (table 8). We divide the vil-
lages into the four categories, ranging from poorest to least poor, using the pre-
dicted values of poverty incidence and allocating the entire population in each
village to the corresponding category. We set the categories so that the popula-

Table 8. Distribution of Communities by Poverty Category
(percent)

Poverty category Percentage
Lower- Upper- Least of total

Province Poorest middle middle poor population
Bam 0 10 36 54 0.90
Bazega 13 36 35 16 4.85
Boulgou 37 22 32 9 7.04
Boulkiemde 41 36 15 7 5.99
Ganzourgou 47 33 19 2 2.74
Gnagna 24 13 21 41 3.73
Gourma 34 17 23 25 5.55
Kossi 26 30 29 14 6.22
Kouritenga 7 25 43 25 3.11
Mouhoun 41 39 18 2 6.06
Nahouri 23 29 40 8 1.71
Namentenga 4 25 18 52 2.16
Oubritenga 9 24 40 27 4.73
Oudalan 24 36 19 21 1.69
Passore 11 2 18 68 3.77
Sanguie 31 23 25 21 4.64
Sanmatenga 17 11 25 46 7.64
Seno 26 29 19 26 4.70
Sissili 41 43 16 0 3.69
Soum 3 14 21 61 2.54
Sourou 12 12 12 64 5.31
Tapoa 60 17 22 1 2.12
Yatenga 24 24 31 2 6.72
Zoundweogo 3 59 30 8 2.40

Note: The poverty line is set at two-thirds of mean consumption.
Source: Authors' calculations.
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tion in each represents 25 percent of the country's total population. The distribu-
tion of the population within provinces is significantly different, however. For
example, 41 percent of the population in the province of Boulkiemde lives in
villages classified as poorest, and only 7 percent of the population lives in villages
classified as least poor.

Consider, as an illustration, an antipoverty program targeted to the five prov-
inces in which at least 40 percent of the population resides in villages classified as
poorest. Under this criterion 21 percent of the country's population will be in-
cluded in the target provinces. Only 3 percent of the population in the five target
provinces (which account for only 0.6 percent of the country's total population),
however, lives in villages classified as least poor, suggesting that leakage is likely to
be small. Nearly 43 percent of the population in the five target provinces lives in
villages classified as poorest, accounting for 36 percent of the country's population
that lives in the poorest villages. At the other extreme, a cost-recovery program
that is targeted to the seven provinces in which more than 40 percent of the popu-
lation lives in villages classified as least-poor will cover 26 percent of the total
population but only 13 percent of the population that lives in the poorest villages.

Targeting antipoverty programs at the province level, however, is likely to be
less effective than targeting at the village level. The reason is that targeting prov-
inces is bound to include villages of the higher categories in which the incidence
of poverty is likely to be less than that in villages of the lowest category. There-
fore, under a given budget constraint, a targeted program at the village level that
focuses only on villages categorized as poorest is likely to cover a larger share of
the country's poor population and entail less leakage, despite the prediction er-
rors in classifying villages.

Most of the urban communities are classified as least poor, largely because of
the much higher standard of living and much lower incidence of poverty in urban
areas. There are also several other, more technical, explanations. In urban areas
the distinction between poor and nonpoor communities is less clear than in rural
areas. In many developing countries it is not uncommon for poor households to
reside in relatively affluent urban communities and vice versa. Further, urban
communities, as defined in the household surveys, are, in fact, enumeration areas
that have been demarcated by local authorities for administrative purposes, and
their borders are often quite arbitrary. Whereas in rural areas enumeration areas
are generally limited to one or two neighboring villages that have similar living
standards, in urban areas, where the distance between neighborhoods is small,
enumeration areas often include communities with widely different living stan-
dards. In this study we had access to community-level data in urban areas only in
the household survey.

Another reason is that in all other data sources the towns, including
Ouagadougou and Bobo-Dioulasso, were considered as single points in the Gis

data set. In the econometric analysis all the enumeration areas from each of the
large towns have the same community characteristics and thus have to be consid-
ered as a single entity.
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Of the villages in the Province of Sanguie, most of those considered poorest
are located farthest from urban centers and are not connected to an all-weather
road (figure 2, in the appendix). Targeting an antipoverty program to the entire
population of the province is bound to include many nonpoor villages, whereas
excluding this province from the program will leave out a considerable number
of poor villages.

V. SIMULATING THE IMPACT OF A VILLAGE-LEVEL TARGETING SCHEME

To evaluate the effectiveness of community targeting, we conduct a simple
simulation experiment. We use the consumption data in the 201 communities for
which we have complete information from the Priority Survey. The simulation
design follows closely the framework of Baker and Grosh (1994). We assume
that the government has a given budget for transferring income to the target
population. The effect of these transfers on poverty is evaluated using the actual
household consumption data. We select which villages to target, however, using
the predicted levels of poverty estimated from our model. The simulations thus
can evaluate how effectively these predictions identified the poor by estimating
leakage and undercoverage. We make the estimates for the households included
in the survey, but we use the individual sampling weights to measure the impact
on the total population at the regional and national levels. The reliability of the
regional and national results is therefore affected by the sampling errors that are
due to the sampling frame of the Priority Survey.

We compare the outcome of this simulation with an untargeted uniform trans-
fer scheme in which all individuals in the country receive a transfer. We also
consider two other targeted programs: a village-level targeted program that uses
actual poverty levels to identify the poor villages included in the program and a
"perfect" targeting program that uses actual household consumption data to
identify the poor villages included in the program.

The three targeted programs are designed to include 30 percent of the popula-
tion."2 To achieve this, we first set the poverty line so that 30 percent of the
country's population is identified as poor. We select villages for the three tar-
geted programs as follows. For the program that targets at the village level based
on the predicted level of poverty, we rank all villages in the sample. Starting from
the poorest village, we select villages for targeting until (at least) 30 percent of
the population is included in the program. We follow the same procedure for the
program that targets at the village level based on the actual level of poverty. For
the program targeted at the household level based on actual consumption per

12. In our simulation we use a lower poverty line than in the previous section to focus on attempts to
target a relatively small part of the population. Using two-thirds of mean consumption as the poverty line,
poverty is estimated at 58 percent, suggesting a transfer program that attempts to include nearly two-
thirds of the population. The issues of undercoverage and leakage thus become less interesting to study.
The population considered in this simulation includes the households for which we have the complete set
of variables in the prediction model.
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adult equivalent, we again rank households, this time according to consumption
level. We include households starting from the poorest until 30 percent of the
population is covered.

We first consider a targeted program using actual village poverty levels."3 The
simulation results suggest that 44 percent of the poor would not be covered.
With the targeted program that uses predicted village poverty levels, undercoverage
would rise to 56 percent as a result of prediction errors. As an indicator of the
accuracy of the predictions, this implies that about 79 percent of the poor who
could be reached through targeting using actual poverty data could also be reached
using predicted poverty data.

By design, untargeted transfers result in no undercoverage, but leakage is high.
We define leakage as the number of nonpoor covered by a program divided by
the total number of people covered. For the untargeted program leakage is (by
design) 70 percent, since we consider 30 percent of the population to be poor.
When using the village-level poverty estimates based on the Priority Survey data
to establish criteria for targeting, leakage falls to 44 percent. The distribution
of leakage across (rural) regions is similar. When using the predictions on village-
level poverty to select the communities included in the scheme, leakage increases
to 56 percent. Still, this amount is far less than the leakage implied by undifferen-
tiated transfers.14

VI. CONCLUSION

Geographical targeting of antipoverty programs can be an effective way to
reach the poor and contain program costs in countries where information on
individual households is incomplete or unavailable, making individual or house-
hold targeting impossible. By identifying the geographic areas where the poor are
concentrated, these programs can reduce leakage so that a larger share of the
poor population can be reached with a given budget or a larger share of this
budget can reach the poor. However, in most countries the target areas are re-
gions, states, or entire rural areas. Although targeting at these levels can offer
considerable savings compared with nontargeted programs, it invariably results
in substantial leakage. Narrow targeting at the level of the community or admin-
istrative department can be an effective way to reach the poor for two main

13. Further details, including those on the interregional distribution of leakage and undercoverage, are
given in Bigman and others (1999).

14. In Bigman and others (1999) we also introduce actual income transfers and evaluate the poverty

impact of these transfers for a given budget. This budget is equally divided among all individuals included

in each program. Using a budget that is just more than one-half the actual poverty gap, undifferentiated

transfers reduce the headcount measure of poverty by a relatively high 22 percent, while village-level

targeting using actual poverty levels reduces that measure of poverty by 33 percent. Using predicted poverty

levels reduces the measure of poverty by about 27 percent. These are only modest gains, but giving all

households living in villages included in a program the same monetary transfer is by no means optimal

when minimizing poverty. Our scheme is aimed at identifying poor communities, and it attempts to minimize

leakage and undercoverage.
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reasons. First, in most developing countries, particularly countries in Sub-
Saharan Africa, poverty tends to be concentrated in villages and certain parts of
towns. Second, geographical targeting entails relatively low administrative costs
and, by relying primarily on local authorities, may ensure that a large portion of
the benefits will reach the target population.

This article presented a methodology for using data from many different sources
in order to establish criteria for targeting poverty-reduction programs at the level
of the village, urban community, or local administrative department. This method-
ology consists of collecting data from several sources, aggregating them at the vil-
lage level, and arranging them as a geographic information system. We conducted
an econometric analysis using data from a household survey to identify the vari-
ables that best explain household consumption. The explanatory variables included
important characteristics of the community and of households in that community.
We selected the household-level explanatory variables whose mean values in each
community were available for most of the communities in Burkina Faso not in-
cluded in the household survey. This made it possible to use the model estimated in
the regression analysis with the data of the Priority Survey to predict the incidence
of poverty in all the villages outside the Priority Survey sample and thereby identify
the spatial distribution of poverty at the community level.

Constraints on the availability and quality of data for Burkina Faso led to
considerable prediction errors and prevented us from using the complete order-
ing of the villages as predicted by the econometric analysis. To reduce the impact
of these errors, we divided the villages into several categories and focused only
on the villages categorized as poorest and least poor. Indeed, practical consider-
ations in applying antipoverty programs and tight budget constraints are likely
to reduce the need for a complete ordering. Poverty alleviation programs are
more likely to focus on villages at the lower end of the distribution, and cost-
recovery programs are more likely to focus on villages at the higher end. Never-
theless, the limited availability of geo-referenced data and the low quality of the
data currently available reduced the predictive power of our econometric analy-
sis. Further work is needed to augment and improve the stock of relevant data.

Targeting poverty alleviation or cost-recovery programs at the level of the
village or department has other advantages as well. First, budget constraints are
likely to restrict programs that are targeted to larger geographic areas, such as
regions or states, and, as a result, the errors of inclusion and exclusion are likely
to be high. Targeting smaller geographic areas can reach many more of the
country's poor, given the same budget constraints. Second, lower-level targeting
is likely to include villages and districts in all regions or states and thus be less
divisive and contentious on ethnic, social, or political grounds. Third, whereas
differences in the incidence of poverty among regions are primarily due to differ-
ences in agroclimatic conditions, differences in the incidence of poverty among
villages within the same region often reflect past policy biases that led to differ-
ences in the quality of access roads or public services. Targeting future policies in
light of these criteria can remedy past biases.
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Appendix figure 1.
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Appendix figure 2.
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Combining Light Monitoring Surveys with
Integrated Surveys to Improve Targeting for

Poverty Reduction: The Case of Ghana

Hippolyte Fofack

Policymakers use poverty maps to design and assess poverty programs. The accuracy of
these maps, which is critical for targeting, depends largely on the nature of the instru-
ment used to construct them. Recently, in response to tight budget constraints, many
countries have begun to construct poverty maps based on light monitoring surveys that
rely on short questionnaires. This article shows that poverty maps constructed from
such surveys are not accurate and could result in substantial leakage. Light monitoring
surveys do include large samples that can help to target poverty programs at subregional
levels. Comhining these surveys with more detailed Integrated Surveys can help researchers
reduce targeting errors significantly and build improved poverty maps with finer levels
of disaggregation.

Poverty analysis and the design of targeted programs traditionally have been
based on comprehensive household surveys. Such surveys are conducted infre-
quently, however, making it difficult to assess the effects of macroeconomic re-
forms on poverty and income inequality in the short and medium term. Limited
budgetary resources constrain governments from conducting these surveys more
often.

Policymakers fully recognize the need for reliable poverty maps, and several
surveys have been designed and proposed as short-term alternatives to comprehen-
sive surveys. These short-term instruments, which include Rapid Appraisal Meth-
ods (Narayan and Srinivasan 1994) and Priority Surveys (Marchant and Grootaert
1991), are known as light monitoring surveys. Light monitoring surveys are de-
signed to quickly identify groups that interventions should target. In contrast, more
comprehensive surveys are designed to conduct integrated poverty analysis and to
draw inferences on welfare (see Ravallion 1996 and Deininger and Squire 1996).
These surveys include household budget surveys, Living Standards Measurement
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thanks to Lionel Demery, Jack van Holst Pellekaan, and David Bigman for their useful comments and
encouragement. He also is grateful to the article's anonymous referees for their valuable comments.
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Study (LSMS) surveys (Grosh and Glewwe 1998), and Integrated Surveys (Delaine
and others 1992). (For details on the design and implementation of these surveys,
see Demery and others 1992 and Grosh and Mufioz 1996.)

Comprehensive Integrated Surveys are broad in scope, but they take a long
time to administer and usually are based on relatively small samples in order to
contain costs. The questionnaire collects data on most household and individual
characteristics, providing extensive information on household income, credit, and
savings; household enterprises; the value of durable, productive, and financial
assets; agricultural livestock; food processing and consumption of own produce;
food and nonfood consumption; and other expenditures. The survev is adminis-
tered over the course of a year, with multiple visits to households to capture
seasonality. Nonsampling errors are reduced by shortening the recall period. Using
integrated surveys to target programs at the subregional level is difficult, how-
ever, because the sample sizes are too small to allow sound inferences to be drawn.

Light monitoring surveys are administered very quickly. They collect socio-
economic data on a smaller set of variables than Integrated Surveys, but their
sample size is typically much larger. These surveys are based on single visits to
households. They thus do not capture seasonality in consumption patterns nor
provide accurate estimates of consumption and income. The short questionnaire
and single visit, however, reduce the time needed for data collection and allow
for a larger sample size with better representation of different geographic areas.

The limited coverage of expenditure items in light monitoring surveys has some
major drawbacks for policy analysis, however. Short questionnaires focus on a
few sets of goods; consumption aggregates based on these data are likely to pro-
vide estimates of total expenditures that are lower than estimates from Integrated
Surveys (Deaton and Grosh forthcoming). Moreover, the underestimation of to-
tal expenditures is not likely to be uniform, shifting the Engel curve but preserv-
ing welfare rankings. Rather, the bias varies significantly across households and
regions, in part because regional differences in consumption patterns and changes
over time-which are determinants of the distributions of income and expendi-
tures-are not taken into account. The distributions that emerge from the two
types of surveys thus differ significantly.

Despite evidence that they might generate inaccurate estimates of aggregate
expenditures, light monitoring surveys have been used extensively for policy de-
sign. In Sub-Saharan Africa, for example, World Bank poverty assessments draw
major recommendations from these surveys (World Bank 1997). This article shows
that welfare indicators estimated from light monitoring surveys are biased and
that the bias affects not only the estimated magnitude of poverty but also its
geographic distribution. The geographic distribution of poverty indicated by light
monitoring surveys differs significantly from that indicated by Integrated Sur-
veys, in part because per capita household expenditures, which are the basis for
targeting, underestimate aggregate expenditures. Large differences in the level of
systematic bias will yield inaccurate poverty maps; targeted income transfer
schemes based on light monitoring surveys may result in leakage.
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This article investigates how comprehensive Integrated Surveys can be com-
bined with light monitoring surveys to improve geographical targeting, make
transfers for poverty alleviation efficient, and sharpen the inferences on welfare
measures that are drawn from light monitoring surveys. As core components of
national statistical programs, light monitoring surveys and Integrated Surveys
are both household-level surveys, with important similarities. Similarities in their
sampling frames and sampling designs, as well as the proximity in their imple-
mentation make their combination extremely appealing for poverty and policy
analysis.

I. LIMITATIONS OF LIGHT MONITORING SURVEYS AS

INSTRUMENTS FOR TARGETING

To understand the implications of using light monitoring surveys as the basis
for poverty analysis, I compare welfare indicators estimated from such surveys
with those derived from Integrated Surveys. To allow full comparability, I ap-
proximate aggregate expenditures as subsets of consumption items from the In-
tegrated Survey. The study thus can be viewed as a counterfactual experiment,
since estimates of total expenditures are known.

Ideally, we would like to compare an Integrated Survey and a light monitoring
survey that were conducted over the same period. But the surveys were never
conducted concurrently in Ghana. Moreover, in countries in which light moni-
toring surveys and Integrated Surveys have been carried out consecutively, varia-
tion over time and changes in the sampling frame and design make it difficult to
assess the performance of these surveys from estimates of household welfare. In
this study I make comparisons on households for which expenditure aggregates
have been suitably constructed under the assumptions of both the full Integrated
Survey and the approximated light monitoring survey. There is no time lag in
data collection between the two surveys, and errors in measurement associated
with variation in the sampling design are completely eliminated because the com-
parisons are made on the same unit of analysis.

Distribution of Expenditures from Integrated and Light Monitoring Surveys

This study is based on the third in a series of surveys of living standards in
Ghana (Ghana Living Standards Survey [GLSS] 3).1 The survey was administered
to a sample of about 4,500 nationally representative households over the course
of a year.2 It collected data on all dimensions of household welfare and economic
behavior, including highly disaggregated and comprehensive data on household

1. The firstt wo surveys, conducted in 1987and 1989, are less comprehensive thanthethird survey. All
three surveys are based on the master sample of enumeration areas defined by the 1984 population census.

2. A multistage stratified random sampling was used in selecting the sample. Initially, 407 clusters were
enumerated, and households were selected with a probability proportional to the size, with 15 households
drawn in each urban cluster and 10 households in each rural cluster.
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income and expenditures. Data were collected on 107 food items, and the range
of nonfood items was wider than in the first two surveys (Ghana Statistical Ser-
vices 1996). Estimates from the third survey are considered more accurate than
estimates from the first two, in part because estimates from the third survey are
based on much shorter bounded recall periods (8 recalls at two-day intervals in
rural areas and 11 recalls at three-day intervals in urban areas).

Although Integrated Surveys collect extended information on both household
income and expenditures, I use expenditure data as the measure of economic
welfare, partly because nonsampling errors due to underreporting of income bias
reported household income. There also are strong theoretical reasons for choos-
ing expenditures over income (Deaton and Muellbauer 1980). Estimates of total
household expenditures on food and nonfood constructed from the GLSS 3 data
use 6 aggregates constructed from 17 subaggregates. These estimates account for
all household expenses, including total household expenditures on rent (includ-
ing imputed rent on owner-occupied, rent-free, or subsidized dwellings); con-
sumption of home-produced food; and the value of wage income received by
household members in the form of food. Other imputed expenditures include
total wage income paid in-kind to household members, the value of produce of
nonfarm enterprises consumed by households, and the use value of durable goods.
The value of remittances made by households, as well as all other expenses, such
as spending on education and household amenities, are also included in aggre-
gate expenditures. Missing values and outliers are imputed on each variable based
on a methodology developed by a team from the Development Economics Re-
search Center at the University of Warwick (see Ghana Statistical Services 1996).
All expenditure data are adjusted to account for inflation, which was relatively
high during the survey period, using March 1992 Accra prices as the base. No
adjustment is made for seasonal effects on household expenditures.

I obtain an estimate of total household expenditures by summing across all
household expenditure items, subaggregates, and aggregates on food and non-
food. I first sum across items and subaggregates to obtain intermediate values for
expenditure aggregates at the household level:

N

(1) k = Pik Qzk
j=1

where h represents households (ranging from 1 to the total sample size), and j =
(1,2,...,N) represents the total number of items. Phk and Qhk represent the price
and quantity of item j, a component of aggregate k consumed by a given house-
hold h. The multiplicative factor 8b iS the frequency of purchase (recall period) of
a given item within household h; X is the "frequency factor" or frequency of
enumerator visits to households.3

3. The frequency factor X is determined from the survey design. In the GLSS 3 survey households were
visited 8 times at two-day intervals in rural areas and 11 times at three-day intervals in urban areas.
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A final estimate of total household expenditures for Integrated Surveys is ob-
tained by summing across expenditure aggregates:

A A N

(2) Yh =S S 8k j Pl-k Q7k

k=1 k=1 j=1

where k = (1,2,...,A) is the total number of subaggregates, and Yh is the total

household expenditure aggregate from the Integrated Survey for household h.

We obtain estimates of total household expenditures based on light monitoring
surveys by similar aggregation, albeit over a much smaller number of items and
subaggregates. The components of aggregate expenditures are selected following
the guidelines of the standard Priority Survey, which recommends limiting the
collection of expenditure data to key food and nonfood items (Demery, Grootaert,

and Hill 1991). Total expenditure aggregates constructed here are based on three
aggregates: two nonfood aggregates, which include expenditures on education
and health, and a food aggregate, which contains 10 key food items (corn, rice,
cassava, plantains, beans, groundnuts, palm oil, sugar, salt, and meat). These
expenditure items, especially spending on education and food, account for a large
share of total expenditures.

We can estimate total household expenditures from a Priority Survey by sum-
ming across these three aggregates, after adjusting for inflation. The adjustment
for inflation is necessary because light monitoring surveys are based on a single
visit to households, and inferences on welfare are drawn assuming no seasonal
variation in consumption patterns-an assumption that could limit the value of

these surveys for poverty analysis. An estimate of total household expenditures
from the light monitoring survey is provided by:

a<A a<A n<N

(3) YIMS = YSk+ = I 1h ph h

k=1 k=1 j=1

The frequency factor, X, does not appear in equation 3 because the data are
collected in a single visit. In the light monitoring survey both the number of
aggregates and the number of items are much smaller than in the Integrated Sur-
vey (a < A and n < N). As a result total household expenditures are generally

underestimated, and YtMS < Yf. These aggregates are adjusted for household
size to produce household per capita expenditures.

Summary statistics on the distributions of these adjusted variables reveal im-
portant differences (table 1). As expected, the level of welfare estimated from the
light monitoring survey is much lower than that estimated from the Integrated
Survey. At the national level mean per capita expenditures estimated from the
light monitoring survey are about 8 percent of those estimated from the Inte-
grated Survey. The magnitude of the difference in welfare is particularly great in
rural areas. Mean per capita expenditures estimated from the light monitoring



Table 1. Distribution of Per Capita Household Expenditures across Regions
Integrated Survey Light monitoring survey Ratio of mean

Share of Share of per capita
Mean per national mean Mean per national mean expenditures of

capita per capita capita per capita light monitoring
Agroclimatic expenditures Coefficient expenditures expenditures Coefficient expenditures survey to Integrated
region (cedis) of variation (percent) (cedis) of variation (percent) Survey

Accra 260,309 155.69 1.210 38,276.16 181.30 2.165 0.1470
Other urban 225,232 155.88 1.047 33,241.86 175.10 1.880 0.1476
Rural Forest 217,835 147.40 1.012 11,628.40 231.05 0.658 0.0534
Rural Coastal 213,641 178.55 0.993 8,769.98 269.86 0.496 0.0411
Savannah 188,691 150.81 0.877 8,674.90 350.34 0.491 0.0460
All urban 233,889 157.68 1.087 34,484.26 179.13 1.951 0.1474
All rural 205,910 166.10 0.957 9,343.80 285.52 0.529 0.0454
National 215,186 163.87 1.000 17,678.70 278.50 1.000 0.0822

Source: Author's calculations based on Ghana Statistical Services (1995, 1996).
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survey in urban areas are about 14 percent of those estimated from the Inte-
grated Survey; in rural areas the light monitoring survey estimate is about 4 per-
cent of the Integrated Survey estimate.

This bias is exacerbated by the fact that own-produced consumption, which
accounts for a large share of consumption in rural areas, is not included in the
light monitoring survey. The different scope of sampled items also biases the
results. Increasing the number of consumption items in the light monitoring sur-
vey slightly reduces the bias between expenditure aggregates in the two surveys,
but the difference remains large, and the sizable urban-rural bias persists. When
the number of sampled items is increased to 20, aggregate mean per capita ex-
penditures in the light monitoring survey rise from 8 to 10 percent of aggregate
mean per capita expenditures estimated from the Integrated Survey. Increasing
the number of sampled items to 30 raises the light monitoring survey estimate to
11 percent of the Integrated Survey estimate. Increasing the number of items to
20 raises the light monitoring survey estimate from 14 to 20 percent of the Inte-
grated Survey estimate in urban areas; in rural areas the increase is only from 4 to
5 percent.4 The persistence of a large urban-rural bias despite the increase in the
number of sampled items may reflect the importance of own-produced food in
rural areas.

Estimates of total household expenditures from light monitoring surveys are
based on just a few items and generally are biased downward. The downward
bias is likely to shift the distribution of expenditures to the left. The difference in
the scope of items and subaggregates may explain the large absolute difference
between the distributions revealed by the two surveys. The variation in the struc-
ture of these distributions and the large urban-rural bias may be due largely to
the nature of the consumption items in the overall aggregate. Although consump-
tion of own-production represents a large share of household consumption in
rural areas, it is not accounted for in the light monitoring survey aggregate, partly
because the rural economy has a low level of monetization and also because key
consumption items are more tradable in urban areas, where induced transaction
costs tend to increase their relative prices.

Poverty maps constructed from the light monitoring survey reveal patterns
different from those constructed from the Integrated Survey. Mean per capita
expenditures are much lower across all agroclimatic regions, and the size of the
bias is not uniform across regions. Measured by mean per capita expenditures,
Savannah is no longer the poorest region of Ghana, and the differences in mean
per capita expenditures between Savannah and Rural Coastal decline. These fig-
ures represent about 50 percent of national mean per capita expenditures as esti-
mated by the light monitoring survey. Moreover, the bias toward higher rural
poverty is greater in the light monitoring survey than in the Integrated Survey.
The rural mean estimate accounts for less than 30 percent of the urban mean in

4. The national mean per capita expenditure estimates based on 20 and 30 items are 22,883 cedis and
25,803 cedis. These estimates are much higher in urban areas (44,939 cedis and 50,858 cedis) and much
lower in rural areas (11,944 cedis and 13,377 cedis).
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the light monitoring survey, whereas it accounts for about 90 percent of the
urban mean in the Integrated Survey.

The variance in the distribution of household per capita expenditures is rela-
tively high in the light monitoring survey estimates. Although the estimates of
mean per capita expenditures are uniformly smaller in the light monitoring sur-
vey than in the Integrated Survey, the coefficient of variation of per capita expen-
ditures is higher across all agroclimatic regions. The dispersion around the na-
tional mean is greater in the light monitoring survey, where the ratio of regional
to national estimates has a larger range. Differences in mean estimates are much
smaller in the Integrated Survey, where the ratio oscillates around 1, suggesting
that income inequality may be much higher in the light monitoring survey. The
differences in variances also are measured in terms of the Gini coefficient and the
Lorenz curve of inequality (figure 1). Figure 1 supports the hypothesis that light
monitoring surveys record much greater income inequality than Integrated Sur-
veys. The Gini coefficient approximated from the light monitoring survey is
substantially higher (0.56) than the corresponding coefficient for the Integrated
Survey (0.34).

The relatively large variance observed in the light monitoring survey has im-
portant implications for poverty analysis. The poverty gap is proportional to the
income gap, and the severity index is proportional to the squared deviation from
the poverty lines when O! 2 1. And, unexpectedly, large variances are likely to
increase the estimate of the poverty gap (and therefore the cost of poverty reduc-
tion, which is proportional to the income gap).

Figure 1. Lorenz Curve of Income Inequality
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Source, Author's calculations.
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These large variations are also illustrated by the distribution of per capita
household expenditures across expenditure quintiles, which differs significantly
between the two surveys.5 The bottom 40 percent of the population accounts for
less than 8 percent of total expenditures in the light monitoring survey and 20
percent of all expenditures in the Integrated Survey. In the upper quintiles, ex-
penditure shares are overestimated in the light monitoring survey (figure 2). These
differences in the distribution of expenditures across quintiles suggest that pov-
erty maps constructed from a light monitoring survey may not be accurate be-
cause the instrument tends to overestimate the welfare of the nonpoor and un-
derestimate the welfare of the poor.

Implications for Policy Analysis and Poverty Mapping

The latest Ghana poverty profile uses two measures of poverty (Boateng and
others 1990). The broader measure includes all people whose per capita expendi-
tures are two-thirds or less of the national mean (equal to 132,230 cedis per
person per year).6 The narrower measure of poverty includes all people whose
per capita expenditures amount to no more than half of the national mean (equal

Figure 2. Distribution of Per Capita Household Expenditures
Per capita expenditure share

o.6 -

E3 Light Monitoring Survey
* Integrated Suirvey

0.1

0.1] -1 
1 2 3 4 5

(Poorest) Expenditure quintiles

Source: Author's calculationis.

5. Expenditure quintiles for the Integrated Survey are derived from the full consumption aggregate
adjusted for household size; expenditure quintiles for the light monitoring survey are constructed from
consumption aggregates adjusted for household size, but with a limited number of items.

6. The same definitions were used in the 1987-88 poverty profile. The 1988 base values were adjusted
for inflation and expressed in 1992 constant prices for the 1995 profile. The lower poverty line is equal to
the same share of national mean per capita expenditures estimated from the full GLSS 3.
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to 107,188 cedis per person per year). I use the lower poverty line (zis= 107,188)
as the cutoff point in the Integrated Survey, because maximum targeting is easily
achieved at the lower and upper ends of the distribution, where the within-group
variance and the probability of household misclassification are lower than in the
middle of the distribution. Similarly, I define the relative poverty line to be half of
mean per capita expenditures as approximated by the light monitoring survey
(ZLMS = 8,839). I use that measure for cross-sectional analysis, looking at varia-
tions in poverty rates across regions in the two surveys during the same period. I
do so because total household expenditures aggregated from the light monitor-
ing survey show a large urban-rural bias-the rural expenditure aggregate is sub-
stantially lower-and because using an upper poverty line would exacerbate the
scope of rural poverty.

In order to assess the performance of the light monitoring survey as a targeting
instrument, I estimate the headcount, poverty gap, and severity indexes from
distributions in both the light monitoring survey and the Integrated Survey (table
2).7 Performance is assessed by the probability of type I and type II errors, as well
as by the rate of mistargeting.

The probability of a type I error is defined formally as E, = [P(y, e P I y1 eP

where P represents the set of poor households or individuals (y,) and P represents
the set of nonpoor households or individuals. A type I error can be referred to as
an error of inclusion because it indicates the probability of classifying nonpoor
households or individuals as poor.

The probability of a type II error is defined as £11 = [P(yi E P I yj cE P)]. A type II
error can be referred to as an error of exclusion because it gives the probability of
classifying poor households or individuals as nonpoor. The rate of mistargeting
depends on the size of these two errors. Perfect targeting is achieved when the
rate of mistargeting is equal to 1.0, implying that both surveys classify the same
number of individuals as poor. Perfect targeting occurs when the errors of inclu-
sion and exclusion are both close to 0. Let CRM(Ei, £-,) be the rate of mistargeting
expressed as a function of the error of inclusion (FI) and the error of exclusion
(L11). This rate is a number between 0 and n, where n < c, that is, 0 < CRM(£I, £gI) < n.
When mistargeting results largely from the error of inclusion, CRM(eI, £II) > 1.
When the error of exclusion is much larger than the error of inclusion, the rate of
mistargeting is confined between 0 and 1, that is, 0 < CRM(EI, ,l) < 1.

When estimates of aggregate per capita household expenditures from the light
monitoring survey are used as the basis for constructing poverty maps, Rural
Coastal and Savannah remain the poorest regions in Ghana. The magnitudes of
the differences across regions indicated by the two surveys vary significantly,
however. In GLSS 3 urban expenditures exceed rural expenditures by just 4 per-

7. The welfare indexes are selected from the PF, class of poverty indexes (Foster, Greer, and Thorbecke
1984), which measures different dimensions of poverty depending on the value of a. When aX = 0, the P,,
represents the headcount index; when x = 1, it measures the poverty gap index. The indexes provide
estimates of the severity of poverty when a,> 1.



Table 2. Indexes of Extremne Poverty and Rate of Mistargeting across Regions
Light monitoring survey Integrated Survey Light monitoring survey

Agroclimatic Headcount Poverty Severity Headcount Poverty Severity Type I error Type II error Rate of
region index gap index index index gap index index probability probability mistargeting

Accra 0.0678 0.0274 0.0158 0.1429 0.0259 0.0072 0.0369 0.1121 0.47
Other urban 0.0865 0.0325 0.0180 0.1657 0.0350 0.0118 0.0423 0.1214 0.52
Rural Forest 0.5543 0.3029 0.2060 0.1673 0.0324 0.0097 0.3978 0.0108 3.31
Rural Coastal 0.6731 0.3722 0.2493 0.1887 0.0409 0.0135 0.4889 0.0045 3.57
Savannah 0.6810 0.4236 0.3082 0.2471 0.0546 0.0173 0.4752 0.0414 2.76
All urban 0.0819 0.0313 0.0175 0.1600 0.0327 0.0106 0.0410 0.1191 0.51
All rural 0.6506 0.3753 0.2604 0.2043 0.0438 0.0141 0.4648 0.0186 3.18
National 0.4621 0.2612 0.1799 0.1897 0.0401 0.0129 0.3243 0.0519 2.44

Source: Author's calculations based on Ghana Statistical Services (1995, 1996).
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centage points. In contrast, the light monitoring survey indicates a difference of
55 percent. Similarly, the light monitoring survey classifies more than 68 percent
of the population of the Savannah region as extremely poor (falling below the
lower poverty line), while the Integrated Survey classifies just 25 percent of the
population as poor. The same variations are observed in other regions, with pov-
erty overestimated in rural areas and underestimated in urban areas.

A poverty map constructed from the GLSS 3 data has a higher urban headcount
than a poverty map constructed from light monitoring survey data, partly be-
cause the GLSS 3 accounts for consumption of own production in rural areas,
which reduces the urban-rural bias and increases national mean per capita ex-
penditures (and therefore the extreme poverty line). Thus the light monitoring
survey underestimates the scope of urban poverty. However, in the comprehen-
sive Integrated Survey the headcount index is much higher in urban areas, and
targeting may be justified as well.

Poverty in Sub-Saharan Africa is generally much higher in rural areas, where
opportunities for income generation are much more limited than in urban areas.
Extreme differences such as those revealed by the light monitoring survey-which
classifies more than 65 percent of the rural population and less than 8 percent of
the urban population as living in extreme poverty-are nevertheless unexpected.
These large urban-rural differences reflect differences in the error of inclusion,
which is much higher in rural areas than in urban areas (0.47 compared with
0.04). The size of the error is directly proportional to the rate of misclassification;
the larger is the error of inclusion, the higher is the rate of misclassification.

In urban areas the error of inclusion is low, and the error of exclusion is much
higher (0.11). Mistargeting results from large errors of exclusion, which occur be-
cause poor households are underrepresented in the sample of intended beneficia-
ries. Large errors of inclusion in rural areas result from underestimating total house-
hold consumption and overrepresenting the poor population in the approximated
light monitoring surveys, which causes nonpoor households to be surveyed as in-
tended beneficiaries for targeted interventions. Mistargeting is relatively high un-
der the light monitoring survey design, in which the population identified for the
targeted intervention is nearly two and a half times larger than the true population
estimate (table 2). This high rate of overall mistargeting is inflated by the rural rate
of misclassification, which is more than three times the true number of intended
beneficiaries. The variations in the rates of mistargeting across other rural regions
(Rural Forest, Rural Coastal, and Savannah) are not significant.

The amount of leakage is directly proportional to the rate of misclassification.
It will be lower in urban areas, where differential rates are smaller. The number
of extremely poor people mistargeted by the light monitoring survey is about half
the true targeted population in urban areas; in rural areas the number of
misclassified people is three times the number of primary beneficiaries. The dol-
lar amount of leakage that occurs as a result of poor targeting by the light moni-
toring survey is more than three times the amount required to alleviate extreme
poverty in rural Ghana (table 2).
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The estimated cost of eradicating extreme poverty (nzpl) is proportional to the
poverty gap, where , is the estimate of the poverty gap. The poverty gap esti-
mated from the light monitoring survey is about six times higher than the GLSS

estimate at the national level. As a result, more than six times as much money
would be needed to eradicate extreme poverty if the light monitoring survey were
used as the basis for poverty analysis (27,998 cedis per capita per year compared
with 4,298.5 cedis).8 The potential costs to the central government and local
authorities are considerable, because poor targeting and improper identification
of intended beneficiaries increase the amount of leakage and the amount of re-
sources allocated for poverty alleviation.

II. PREDICTING CONSUMPTION EXPENDITURES TO IMPROVE TARGETING

The accuracy of light monitoring survey data can be improved by using pov-
erty predictors, correlates of expenditures that are used to impute household
consumption. Fofack (1997) proposes a methodology for deriving national pov-
erty predictors that could be used to improve targeting. Poverty predictors and
their corresponding weights are estimated from Integrated Surveys and used to
predict total household expenditures. These predicted values then serve as the
basis for conducting poverty analysis and for constructing poverty maps from
light monitoring survey data. The prediction error is low, and high rates of suc-
cessful classification are achieved. Moreover, a test of stability shows that the
poverty predictors and their corresponding weights are stable over time.9

Recently, attempts have been made to exploit the wide coverage of population
censuses by combining them with household surveys (Hentschel and others 1998).
Although combining these tools is appealing-especially given the scope for geo-
graphical targeting-the data requirements for capturing the large proportional
variance in welfare could be enormous. The method proposed by Hentschel and
others uses a large number of regressors from the census to predict welfare. Here,
I take a different approach, based on data reduction. The poverty correlates used
to predict welfare are reduced to a set of minimum core variables that can be
easily collected with minimal measurement error.

To model household consumption for poverty analysis, the best correlates of
welfare are derived from the GLSS 3 survey using correlation analysis and regres-
sion models. The model assumes that the conditional expectation of the response,
given the covariates, E(ylxl,...,xk), is related to the linear predictors by the re-

8. This is a hypothetical scenario included for illustrative purposes onlv. Direct income transfers are
not cornerstones of policy in Sub-Saharan Africa. The cost of such measures would be enormous and
would worsen fiscal deficits.

9. The stability of the poverty predictors and the corresponding weights estimated from GLSS 3 (1992)
are assessed by applying the regressors from CLSs 3 to GLSS 1 (1987) and Gl.SS 2 (1989) to predict the level
of welfare in those years. Success rates of ranking households in the same expenditure quintiles are as high
as 95 percent, despite the time lag between these surveys. For details on the implementation of the test of
stability of these regressors, see Fofack (1997).
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sponse link function h(x,0). Because the variance of total household expenditures
across and within regions is large, a logarithmic transformation is applied to the
response to make the relationship between y and the x's linear. This transforma-
tion stabilizes the error variance, reduces asymmetry in the distribution of error
terms, and improves the prediction. The structural form of the correcting model
is specified by equation 4:

(4) Y = X +£

where Y is total household expenditures transformed to the log scale, X is the
model matrix containing the vector of regressors, ,B is the vector of estimated
parameters relative to continuous and discrete-level variables, and £ are the er-
ror terms, which are distributed as N(O,c&-). The poverty predictors are predomi-
nantly discrete-level variables. Most continuous variables with strong predictive
capabilities are dichotomized to discriminate between poor and nonpoor house-
holds. These dummy regressors are constructed and included in the model to
capture the effects of qualitative independent variables.

In order to account for selection bias in choosing predictor variables, I use a
conditional maximum likelihood estimation method to select predictors. Unlike
other selection criteria, the conditional maximum likelihood method is based on
the expected overall discrepancy. Because the omission bias in the fixed model
becomes an additional residual variation, the method produces an unbiased esti-
mator of the discrepancy.'0 The best poverty predictors are those that signifi-
cantly increase the explanatory power of the model. That is, if (x1,x2,. .. ,x) is the
initial set of poverty correlates and xi+,, Xi+k for k • 1 are potential poverty pre-
dictors, the variable x,+, will be selected over x, k if

(5) Y[yi - E(5 | X1,X 2,...Xil,Xi+l)] 2 < -[y -E(5 f XDX2I---Xi,Xi+k)]

Initially, I assume that all predictor variables are available for inclusion in the
model. I then proceed by elimination, using the stepwise selection method with a
minimum level of significance. I remove a given independent variable from the
model only when a marginal increase in the percentage variance of the response
explained by the model as a result of that variable's inclusion is smaller than the
marginal increase attributed to the inclusion of any other independent variable:

(6) A[R2 y Y, .;xjJ-R2 Ry E xjx;J1<E.

Applying this selection procedure to the model iteratively produces an optimal
model with 10 core poverty predictors. The optimal model has very few continu-

10. Other criteria used to select the subset of predictors include the S, and the Mallows C, criteria. The
S, is a model selection criterion that assumes that the response variable and the predictors are jointly
normally distributed. The Cp method, due to Mallows (1973), assumes that the predictor variables are
fixed and not random. For more details on model selection see Linhart and Zucchini (1986).
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ous variables; those that remain are either dichotomized or discrete-level vari-
ables. This characteristic is likely to reduce errors that arise because of long recall
periods. Moreover, the accuracy of targeting increases because the poverty pre-
dictors and the weighted coefficients are estimated from Integrated Survey data
and are imputed using information collected at the household level during the
administration of the light monitoring survey. The poverty indexes thus are no
longer just a function of aggregate household expenditures, but also depend on
the estimated regression coefficients:

(7) Pk =f(y,z), for k = 0,1,2,

where y _ - d iXi,xjJ, and z is the poverty line.
ij=l

The poverty predictors are derived at the national and regional levels and are
used in conjunction with the corresponding weights to predict total expendi-
tures. Predicted expenditures, expressed as the weighted sum of the poverty pre-
dictors, are then used as the basis for constructing poverty maps, classifying re-
gions for poverty analysis, and targeting.

The poverty predictors are able to explain more than 65 percent of the pro-
portional variance observed in the welfare measure reported. The proportional
variance explained by the model is high at the national level and at the regional
level when the model is calibrated to derive poverty predictors for each agroclimatic
region. (The appendix lists the deriiyed poverty predictors at the national and
regional levels. The use of different .poverty predictors is intended to reflect dif-
ferences in consumption patterns.)

III. EMPIRICAL RESULTS

To assess the accuracy of poverty maps constructed from the improved light
monitoring survey-that is, the light monitoring survey in which total expendi-
tures have been modeled using poverty predictors-I estimate the incidence of
poverty and poverty-related indicators for different agroclimatic regions using
predicted expenditures constructed from the model. I compare these estimates
with the poverty indicators derived from GLSS 3 using the same poverty line for
the predicted and measured consumption aggregates (since in the absence of pre-
diction errors, the means of these two distributions are the same).

The differences in the poverty estimates decrease substantially in both urban
and rural areas when the poverty predictors are used to model household expen-
ditures (table 3). The error of inclusion, for example, which was as high as 0.48
in the approximated light monitoring survey, falls to just 0.13 or less when the
poverty predictors are the basis for poverty analysis. Moreover, the significant
decrease in this error is not accompanied by an increase in the error of exclusion,
which remains low across all agroclimatic regions.



Table 3. Indexes of Extreme Poverty and Rate of Mistargeting by Region with the Improved Light Monitoring Survey
Improved light monitoring survey Integrated Survey Improved light monitoring survey

Agroclimatic Headcount Poverty Severity Headcount Poverty Severity Type I error Type II error Rate of
region index gap index index index gap index index probability probability mistargeting

Accra 0.0878 0.0163 0.0040 0.1429 0.0259 0.0072 0.0212 0.0763 0.615
Other urban 0.1344 0.0274 0.0076 0.1657 0.0350 0.0118 0.0623 0.0936 0.811
Rural Forest 0.0988 0.0159 0.0039 0.1673 0.0324 0.0097 0.0537 0.1220 0.591
Rural Coastal 0.1868 0.0357 0.0103 0.1887 0.0409 0.0135 0.1036 0.1056 0.990
Savannah 0.2787 0.0461 0.0116 0.2471 0.0546 0.0173 0.1261 0.0946 1.128
All urban 0.1229 0.0247 0.0067 0.1600 0.0327 0.0106 0.0522 0.0894 0.768
All rural 0.1999 0.0351 0.0094 0.2043 0.0438 0.0141 0.1008 0.1053 0.978
National 0.1743 0.0317 0.0085 0.1897 0.0401 0.0129 0.0847 0.1001 0.919

Source: Author's calculations based on Ghana Statistical Services (1995, 1996).
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The poverty indicators estimated on the basis of the GLSS 3 data and the im-
proved light monitoring survey data are similar (figure 3). At the national level
the absolute relative error is less than 0.081, probably because the difference in
the headcount indexes estimated from the Integrated Survey and the predicted
welfare function is small. This relatively small difference is due largely to mea-
surement errors in reported household expenditures and sample size effects. The
sample size at the subregional level is the smallest in Accra and the Rural Forest
region, where the magnitude of the difference is largest.

The prediction error is inversely proportional to the sample size, however,
suggesting that the error should decrease substantially in the actual light moni-
toring survey, where the large sample size and exhaustive coverage allow much
greater representation at the regional and subregional levels. Part of the predic-
tion error also could be attributed to measurement errors in reported household
expenditures. This part of the prediction error is associated with the survey de-
sign and implementation and could be large depending on sample size and
nonsampling errors. In contrast, measurement errors are washed away by the
instrumented variable; targeting might even become more accurate when based
on predicted welfare. A potential increase in accuracy is another reason for using
instrumented consumption in poverty analysis.

Figure 3. Headcount Index

Headcount index
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The differences between headcount indexes remain when predicted expendi-
tures are used for poverty analysis. The bias toward higher rural poverty is pre-
served in the regional ranking, and the ranking of the five agroclimatic regions is
consistent across the two ranking criteria (Integrated Survey data and improved
light monitoring survey data with predicted expenditures). The magnitude of the
differences across agroclimatic regions is also preserved in the improved light
monitoring survey.

The incidence of poverty is highest in the Savannah and Rural Coastal re-
gions, where 28 and 19 percent of the population, respectively, are extremely
poor. The largest poverty gap is in Savannah, suggesting that if the population
were distributed uniformly across regions, the volume of transfers needed to
eradicate poverty would be largest in this region. The Savannah and Rural
Coastal regions also have the lowest literacy and enrollment rates, and both
depend on food crops as their main source of income (Ghana Statistical Ser-
vices 1995). In contrast, in the Rural Forest region, where income sources are
more diversified, the incidence of poverty is much lower. The poorest of the
poor are thus uneducated small farmers residing mainly in the Savannah and
Rural Coastal regions, where employment opportunities are limited. To the
extent that education variables (public school enrollment, proportion of school-
age children enrolled in school) appear to be good proxies for income in these
regions, the placement of public infrastructure may be a good means of mak-
ing transfers to the poor.

I also assess the performance of the proposed method by the size of errors of
inclusion and exclusion, as well as the rate of mistargeting. While the error of
inclusion across agroclimatic regions is generally much higher in the approximated
light monitoring survey than in the improved light monitoring survey (figure 4),
the error of exclusion is generally much lower (figure 5). The magnitude of the
difference between the errors of exclusion in the two surveys is small, however, in
part because mistargeting is due largely to high errors of inclusion.

The rate of mistargeting falls substantially when the improved light monitor-
ing survey is used (table 3). In fact, except in the Rural Forest region, targeting is
almost perfect. Perfect targeting is achieved in all Rural and Rural Coastal areas
when predicted expenditures are used as the basis for constructing poverty maps.
Compared with the light monitoring survey, the gains in accuracy are significant.
Even in the Rural Forest region, where the error of inclusion is relatively high
(0.12) and the rate of misclassification is slightly different from unity, the gap is
less than 40 percent. Moreover, the rate of mistargeting is less than 1, implying
that poor targeting is due largely to a high error of exclusion.

The rates of mistargeting CRM(EI, el) are particularly high in rural areas when
the approximated light monitoring survey is used to construct the poverty map.
These high rates are attributable mostly to large errors of inclusion. Significant
improvement is achieved when predicted expenditures are used as the basis for
targeting (in the improved light monitoring survey).
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Figure 4. Probability of Error of Inclusion
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IV. IMPLICATIONS FOR GEOGRAPHICAL TARGETING

The method described sharpens the accuracy of poverty maps and allows
policymakers to target beneficiaries at subregional levels. The approximated light
monitoring survey is constructed from the more comprehensive GLSS 3 survey.
The sample size corresponding to the approximated light monitoring survey is
dictated by the GLSS 3 design, just as the level of disaggregation is determined by
the actual GLSS 3 sample size.

The geographic profile of poverty provides living standards indicators for the
various agroclimatic regions. Efficiency could be improved and leakage reduced
significantly if smaller geographical units could be targeted (Baker and Grosh
1994). The Priority Survey design recommends a large sample size for targeting
smaller administrative units (Grootaert and Marchant 1992).1" Improving the
accuracy of the welfare function by predicting household expenditures should
enable researchers to exploit the large sample size to achieve geographical target-

11. The Kenya Welfare Monitoring Survey (1994) was based on a sample of 12,000 households. The
Ghana Core Welfare Indicators Survey (1997) was based on a sample of 15,000 households.
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Figure 5. Probability of Error of Exclusion
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ing with minimum leakage at a level of disaggregation well below the agroclimatic
region.

The causes and determinants of poverty, as well as the sources of large dispari-
ties across agroclimatic regions, are variable. At the aggregate level differences in
the potential for income-generating activities and wage inequality may constitute
important factors; at the regional and district levels human capital, access indica-
tors, and location of infrastructure may be more critical. Light monitoring sur-
veys collect good data on access indicators (location of schools, health centers,
and water supply). The relatively large sample size of such surveys may provide
opportunities for geo-referencing information at subregional levels, thereby im-
proving the potential for analysis beyond fixed geographical boundaries. Fur-
ther, overlaying improved poverty maps atop maps of local infrastructure (schools,
health clinics, hospitals, water supply facilities, and roads) may improve the un-
derstanding of poverty dynamics, shed more light on the possible constraints to
growth and poverty reduction, and improve priority setting, impact assessment,
and policymaking.
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Poverty predictors, which include food and nonfood consumption variables,
are strong correlates of welfare. They can serve as the basis for targeting by
commodity and by welfare indicator, especially if indirect transfer schemes are
used to reduce poverty."2 Targeting by indicator is based on the ability to easily
identify a few key variables that are highly correlated with household income
and expenditures. The use of regional poverty predictors, which are correlates of
welfare, may be particularly appealing in Sub-Saharan Africa, where there are
important differences in the determinants of welfare across agroclimatic regions.
Taking these differences into account in selecting correlates might improve the
efficiency of transfers and the allocation of public expenditures for poverty
reduction."3

The poverty predictors also can serve as a basis for targeting by commodity
because they include food items. This targeted scheme draws on the differences
observed in the consumption baskets of the poor and nonpoor. Its objective is to
reduce the cost of commodities that are consumed heavily by the poor through
targeted subsidies. Although poverty predictors are derived according to
agroclimatic region rather than poverty, the methodology is flexible and could be
used in multiple steps-that is, poverty predictors could first be used to predict
household expenditures, and expenditures in turn could be used to differentiate
between the poor and the nonpoor. A cross-sectional analysis that focuses on the
variation in the consumption of the poor by agroclimatic region could be a start-
ing point for investigating the causal link between variation in the depth of pov-
erty and the nature of poverty correlates. Future research will have to explore the
links between these correlates and poverty at the regional and district levels, and
determine how a better understanding of those associations could be used to
channel scarce resources to the most needy.

V. CONCLUDING REMARKS

Many developing countries are confronted with widespread poverty and have
limited resources for poverty alleviation. To minimize leakage, policymakers must
have accurate and detailed poverty maps that allow identification of the poor at
finer levels of disaggregation than the agroclimatic region.

Some developing countries have used light monitoring surveys, which have
large sample sizes and are less expensive to administer than other types of sur-
veys, as the basis for constructing disaggregated poverty maps. This study shows
that the cost of mistargeting associated with the use of such surveys is significant
and can outweigh the savings generated from their lower administrative costs.
Light monitoring surveys underestimate aggregate expenditures, the basis for dif-

12. Other methods of targeting include targeting by income and self-targeting. For a survey of targeting
methods with applications to developing countries, see Glewwe (1992); Kanbur, Keen, and Tuomala
(1994); Bigman and Fofack (forthcoming).

13. Glewwe (1992) uses housing indicators as the basis for targeting in C6te d'lvoire. Ravallion (1989)

uses landownership as the basis for designing land-contingent transfers for poverty alleviation in Bangladesh.
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ferentiating between the poor and the nonpoor. Moreover, underestimation is
not uniform across regions. As a result, welfare indicators and poverty maps
derived from light monitoring surveys may not always be consistent with the
actual distribution of poverty.

This article shows that combining more detailed surveys, which have compre-
hensive income and expenditure data, with light monitoring surveys yields im-
proved poverty maps that are disaggregated at a level below the agroclimatic
region. The rate of mistargeting is reduced substantially when poverty predictors
derived from more comprehensive surveys are used to model total expenditures
based on data from light monitoring surveys. These poverty predictors are
household-level variables that are available in both Integrated Surveys and light
monitoring surveys.

Over the past few years demand for poverty maps that are disaggregated at a
level as low as the district has been growing in developing countries, particularly
in Sub-Saharan Africa. This demand has been prompted both by the need for a
more accurate picture of the geographic distribution of poverty and by the move
toward decentralization, which increasingly channels resources to communities.
As the demand for more disaggregated information continues to grow and bud-
getary and resource constraints tighten, methods that optimize the use of light
monitoring surveys while improving the accuracy of targeting will be in increas-
ing demand. The method proposed here recommends that light monitoring sur-
veys and more detailed comprehensive surveys be combined to improve poverty
mapping and geographical targeting.

The accuracy of household welfare predicted from the model depends on the
base point of the prediction, the stability of the poverty predictors, and their
corresponding weights. Although modeling consumption significantly reduces
errors of inclusion and exclusion, the level of targeting attained in the various
agroclimatic regions is imperfect because of unavoidable prediction errors. These
errors are attributable largely to measurement errors in reported expenditures
and might be washed away when the instrumented variable is used.

The stability of the predictors over time is another important question. Fofack
(1997) assesses stability using surveys conducted under the same sampling frame.
It would be worth investigating how this stability is affected by variation in the
sampling frame. The possible implications for poverty mapping are also worth
examining. Finally, efficiency in the transfer and allocation of resources could be
improved by combining geographical targeting with another form of targeting,
such as targeting by commodity or by indicator. Poverty predictors are correlates
of expenditures and could serve as a vector of transfers if the dynamic between
these correlates and poverty were better understood.



Appendix. National and Regional Poverty Predictors
National level Urban areas Rural areas

Expenditures on soap Expenditures on soap Expenditures on soap
Number of spouses Number of spouses Number of spouses

Asset score Asset score Asset score
Percentage of school-age children enrolled Percentage of school-age children enrolled Percentage of school-age children enrolled

in school in school in school
Expenditures on meat Expenditures on meat Expenditures on meat

Ownership of land Ownership of land Ownership of land
Consumption of bread Percentage of household members employed Ownership of goats and sheep

Ownership of poultry Use of toothpaste Number of household members per room

Export crops Percentage of children enrolled in public school Ownership of farm
Number of household members per room Percentage of literate household members Ownership of cattle

Accra region Other urban Rural Forest

Asset score Expenditures on soap Expenditures on soap
Expenditures on meat Number of household members employed Consumption of bread
Percentage of household members employed Expenditures on meat Asset score
Expenditures on rice Asset score Use of toothpaste

N Number of household members who Percentage of school-age children Number of spouses
completed secondary school Expenditures on bread Expenditures on meat

Expenditures on soap Percentage of household members who Percentage of household members who completed

Percentage of school-age children completed secondary school secondary school

Number of children under five Use of toothpaste Expenditures on rice
Use of toilet paper Ownership of land Number of household members per room

Percentage of children enrolled in public school UJse of toilet paper Use of toilet paper

Rural Coastal Satvannah

Expenditures on soap Expenditures on soap
Asset score Number of spouses
Percentage of school-age children Consumption of bread
Expenditures on meat Percentage of school-age children
Number of spouses Ownership of sheep and goats
Percentage of children enrolled in public school Use of toothpaste
Consumption of bread Expenditures on meat
Use of toilet paper Asset score
Ownership of poultry Use of toilet paper
Number of children under five Gender of head
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