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Agricultural Incentives in Developing Countries:
Measuring the Effect of Sectoral and

Economywide Policies

Anne 0. Krueger, Maurice Schiff, and Alberto Vald6s

The impact of sector-specific (direct) and economywide (indirect) policies on
agricultural incentives for eighteen developing countries for the period 1975-84 are
estimated. The direct effect is measured by the proportional difference between the
producer price and the border price (adjusting for distribution, storage, transport, and
other marketing costs). The indirect effect has two components. The first is the impact
of the unsustainable portion of the current account deficit and of industrial protection
policies on the real exchange rate and thus on the price of agricultural commodities
relative to nonagricultural nontradables. The second is the impact of industrial
protection policies on the relative price of agricultural commodities to that of
nonagricultural tradable goods. We find that (1) in almost all cases the direct effect is
equivalent to a tax on exportable goods (-11 percent on average) and to a subsidy
for importables (20 percent on average); (2) the indirect effect also taxes agriculture
(-27 percent on average) and dominates the direct effect (whether the direct effect is
positive or negative); and (3) the direct policies for both importables and exportables
stabilize domestic producer prices.

There are four well-known stylized facts about the agricultural policies of
developing countries, the interactions among which have not been fully appre-
ciated. First, most developing countries have attempted to encourage the growth
of industry through policies of import substitution and protection against im-
ports competing with domestic production. Second, overvalued exchange rates
have often been maintained through exchange-control regimes and import li-
censing mechanisms even more restrictive than those that would have been
adopted in connection with import substitution. Third, many developing coun-
tries have attempted to suppress producer prices of agricultural commodities
through government procurement policies (especially agricultural marketing
boards), export taxation, and/or export quotas. Fourth, some governments

The authors are codirectors of the World Bank comparative study of the political economy of
agricultural pricing policies. Anne 0. Krueger is Arts and Sciences Professor of Economics at Duke
University and was formerly Vice President of the Economics and Research Staff at the World Bank.
Maurice Schiff is an economist at the World Bank. Alberto Valdes is an economist at the International
Food Policy Research Institute. The authors wish to thank Emmanuel Skoufias for his assistance.
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have attempted to offset part or all of the disincentive effect on producers by
subsidizing input prices and investing in irrigation and other capital inputs.

Suppression of producer prices has been extensively studied but there have
been few attempts to estimate the combined impact of those direct policies and
the three other sets of government policies. While international trade theorists
have long known that protection of some activities discriminates against the
remainder, that knowledge has not been transformed into usable estimates of
the extent of total discrimination against agriculture.

Those few studies which have attempted to measure the indirect effects on
agricultural prices and incentives have used widely varying methodologies (for
example, on Chile, Valdes 1973; on the United States, Schuh 1979; on Brazil,
Oliveira 1981; on Colombia, Garcia 1981; on Argentina, Cavallo and Mund-
lak 1982; on Nigeria, Oyejide 1986; and on the Philippines, Bautista 1987).
This has precluded systematic comparative analysis of the effects of differing
degrees of discrimination against agriculture.

In this article we provide such estimates for eighteen developing countries
derived as the initial results of the World Bank's research project on the political
economy of agricultural pricing policies. The first section gives information
about the project and the way the estimates were made. In the second section
we estimate the direct, indirect, and total intervention affecting incentives for
agricultural output and the impact of intervention on price variability. We also
present some preliminary analyses of the findings. The third section then draws
some conclusions.

I. THE PROJECT ON THE POLITICAL ECONOMY OF AGRICULTURAL

PRICING POLICIES

Although systematic quantification of the extent of discrimination against
agriculture has been lacking, observers of the development process have long
been aware of the fact that developing countries directly intervene systemati-
cally and extensively in pricing of agricultural commodities. Newspaper readers
will recall riots in the Arab Republic of Egypt after President Sadat attempted
to raise the prices of some key foods, riots in Zambia after prices of maize
meal-a commodity consumed primarily by the urban middle and upper in-
come groups-were increased to reduce budgetary losses, and other failed
attempts at consumer price policy reform, including those in Morocco, Poland,
and Tunisia. While headlines have directed attention to increased urban food
prices, their counterpart is almost always suppressed producer prices, as gov-
ernment fiscal constraints usually preclude budgetary financing of these
subsidies.

The comparative project on the political economy of agricultural pricing
policies was undertaken to provide a detailed history of pricing policies, to
measure the degree of intervention affecting agriculture, and to analyze the
reasons for these and their effects on output, consumption, trade, the budget,
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intersectoral transfers, and income distribution. Comparability across countries
was achieved by applying a common methodology in all the country studies
and by bringing together researchers for the individual studies to compare and
assess their results during the course of the project.'

We focus here on the magnitude of the impact of direct and indirect policies
on agricultural prices and outline below the process by which these estimates
were derived. For each country, major export- and import-competing agricul-
tural commodities, including both food and nonfood products, were selected
on the basis of their importance and the representativeness of the policies
adopted toward them relative to agriculture as a whole. In most countries,
concentration was on four to six commodities, and that coverage typically
represented about half to three quarters of net agricultural product.

Country researchers then obtained estimates of the commodities' domestic
producer, consumer, and border prices, adjusted for transport costs to or from
producer and consumer locations, storage costs, quality differences, and other
elements of the marketing margins. In the case of wheat in Chile, for instance,
adjustments were made for customs duties and custom agent fees, transporta-
tion costs from the main port of entry to the mills, unloading costs and losses
in transit, the annual average quality difference between domestic and imported
wheat, and for seasonality (storage). The annual average producer price at the
mill is the price received by farmers at harvest time (January). Imports take
place six to nine months later, so that the price of imported wheat at the mill
was adjusted for storage costs to ensure comparability over time as well as
across locations. This adjustment for storage costs reduced the price differential
between the import price at the mill (after adjusting for other marketing margin
factors) and the domestic price from about 20 percent to about 4 percent on
average.

There were few countries in which complexities did not arise in obtaining
reliable price estimates, and painstaking research was required to develop those
which were used. In Ghana, for instance, in some years use of border prices
adjusted for transport costs yielded negative estimates of producer prices for
some commodities. In many of the countries studied, governments had a mo-

1. Subject countries and authors are: Argentina (A. Sturzenegger and W. Otrera), Brazil (J. L.
Carvalho and A. Brandao), Chile (H. Hurtado, E. Muchnik, and A. Valdes), Colombia (J. Garcia and
G. Montes), C6te d'lvoire, (A. Atsain, A. M'Bet, and S. Ehouman), Dominican Republic (T. Roe and
D. Greene), Egypt (J. J. Dethier), Ghana (D. Stryker), Republic of Korea (P. Y. Moon and B. S. Kang),
Malaysia (G. Jenkins), Morocco (H. Tuluy and L. Salinger), Pakistan (N. Hamid and 1. Nabi), the
Philippines (P. Intal and J. Power), Portugal (F. Avillez, T. Finan, and T. Josling), Sri Lanka (S. Bhalla),
Thailand (A. Siamwalla and S. Setboonsarn), Turkey (H. Olgun and H. Kasnakoglu), and Zambia
(D. Jansen). Summaries of country studies are forthcoming in two volumes of country studies will
appear in Krueger, Schiff, and Valdes (hereafter KSV forthcoming); chapter 1 and the appendixes of
volumes 1 and 2 will provide information on the concepts and methods used to ensure comparability
across countries, and a third (synthesis) volume will cover quantification of the effects on incentives,
analysis of the influence of the altered incentives on sectoral and intersectoral performance and charac-
teristics, and a review of the political economy of agricultural price policy and its evolution over time.
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nopsony on purchase and/or distribution of some or all agricultural commod-
ities through state marketing boards, making it difficult to estimate "normal"
marketing margins. Marketing boards' costs constituted 50 percent or more of
the border price of exportables in some countries, and producer prices repre-
sented an even smaller fraction of the border price. Some marketing boards lost
money despite low producer prices as their sales to consumers were at or below
purchase prices. In some instances, it was important also to account for the
extent to which official prices were those which actually prevailed in the major-
ity of transactions. Time series of producer prices were often developed from
government files and previously inaccessible sources, and estimates of black
market prices had to be weighted by their probable share of the total crop to
yield accurate overall price assessments in those cases where parallel markets
exist. The resulting time series of actual consumer and producer prices and
costs of purchased inputs represent a major contribution of the project in its
own right.

For all countries, the impact is measured relative to what prices would have
been had there been no interventions and a free trade regime. For all tradable
commodities, the reference prices used were the border prices that would have
prevailed under an intervention-free regime.

Authors were also requested to estimate effective rates of protection (ERPS).

Due mainly to data inadequacy, however, the country and commodity coverage
of the ERP estimates turned out to be considerably more limited and less
comparable across countries than for nominal rate estimates. For this reason
ERPs are not reported in this article. Future work [in Krueger, Schiff, and
Valdes (hereafter KSV), forthcoming, vol. 3] will provide further analyses of
ERPS, although initial inspection suggests that most input subsidies were infra-
marginal and that the ratios of value added to output did not vary widely
across crops within countries. The implications of the removal of price inter-
ventions for the allocation of resources among goods and sectors are also
beyond the scope of this article but are examined in KSV.2

Estimation of the effects of interventions aimed directly at agricultural inputs
or outputs was relatively simple contrasted with the procedures needed to
estimate indirect effects. Our analysis focuses on the real exchange rate and on
the tax on agricultural production implicit in protection to industry. The eco-
nomic rationale behind the estimates is discussed below; an abbreviated de-
scription of the procedures used to obtain these estimates is given in the
appendix.

First, the authors had to estimate the real exchange rate which would have
kept the current account at a sustainable level-taking into account normal
capital flows-if all quantitative and tariff protection against imports and inter-
ventions affecting exports had been removed. This involved estimation of the
equivalent tariff of import protection and of foreign exchange demand and

2. Several authors also calculated the deviations from the domestic price which would have prevailed
if optimal export taxes were applied. These results are not presented here, and are forthcoming in KSV.
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supply elasticities and comparison with the actual real exchange rate to estimate
the amount of real exchange rate change needed to yield the sustainable current
account level.3

Taking the border price for each commodity at the equilibrium exchange rate
gave an estimate of the border price that would have prevailed in the absence
of interventions. Doing the same for purchased inputs, given their shares in
domestic prices, yielded estimates of what value-added would have been in the
absence of these same policies. Finally, measuring the nonagricultural price
index at the equilibrium exchange rate and in the absence of trade interventions
(by adjusting the tradable part of the price index) gave an estimate of the value
of that price index in the absence of interventions. 4 Using these estimates, we
obtained the indirect effect of the intervent*ions on the price (and value added)
of agricultural products (relative to the nonagricultural price index).

There are three major elements in our calculations of the indirect effects:
first, the depreciation of the real exchange rate required for the elimination of
the nonsustainable part of the current account deficit; second, the depreciation
of the real exchange rate due to the removal of trade interventions; and third,
the increase in the price of agricultural tradable products relative to nonagri-
cultural tradables due to the removal of trade policy interventions, which
mainly protect industry. The first two are changes of the price of tradables
relative to nontradables; the third is a change of prices within the tradables
category.

Identification of a "sustainable" current account balance is necessarily judg-
mental. Country authors used their knowledge of normal flows of aid and
private investment to estimate what a "normal" current account balance would
be, and they used the difference between that and the actual imbalance to
estimate the nonsustainable portion of the current account deficit. Calculations
of the indirect effects of policies on incentives are less sensitive to the choice of
elasticity values for supply and demand for foreign exchange and to the choice
of the sustainable level of current account deficit than they might at first
appear.

Empirically, industrial protection has a greater impact on incentives for
agriculture than does the current account imbalance. In many cases, industrial
protection is so high that it is the last effect, the decline in prices of nonagricul-
tural tradables relative to agricultural prices, that dominates the indirect effects.
However, industrial protection acts both through the real exchange rate and
through the relative prices of industrial tradables to agricultural products, so
that when the real exchange rate effect of protection is taken into account, the
total negative impact of industrial protection on agriculture is even larger. Thus

3. In three of the eighteen countries, the authors used alternative procedures due to data limitations
or other circumstances particular to their country.

4. For the estimation of the indirect effect on the price of agricultural products relative to a price
index of the nonagricultural sector, there is no need to know whether the change in the real exchange
rate occurs through the nominal exchange rate or through the price of nontradables. Estimation of the
change in the real exchange rate is sufficient (see the appendix).
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neither the level of the sustainable current account deficit nor the foreign
exchange elasticities, which both act only through the real exchange rate, are
as critical in the calculations of the indirect effects as would otherwise be the
case. Moreover, the indirect effect turned out to be less sensitive to the selected
value of the elasticities than expected. This is due to the fact that a proportional
change in the elasticities of demand and supply for foreign exchange only
affects the first component of the indirect effect but has no effect on the second
or third component, as reflected in equations 7 and 8 in the appendix.

For those countries for which reliable estimates of supply and demand elas-
ticities for foreign exchange were not available, we suggested that the authors
use elasticity values of one for supply and two (in absolute value) for demand
on the basis of estimated elasticities from other studies. Authors who had
evidence to the contrary used it, and also examined the sensitivity of their
estimates to the trade elasticities.

It is well known that the "elasticities" approach to the analysis of exchange
rate changes was fundamentally modified by the recognition that a change in
expenditure relative to income would be required for any change in the current
account. Our use of elasticities here is justified by two considerations: (1) the
counterfactual "experiment" of an altered real exchange rate is undertaken to
investigate relative price changes and responses to them; and (2) although
underlying macroeconomic policies would clearly have to be altered in order
for the real exchange rate to change, it is unlikely that the particular choice of
macro polices would significantly affect the equilibrium real exchange rate
solution.'

In the case of Ghana, calculation of the equilibrium real exchange rate
involved an additional complication. The depreciation of the real exchange rate
to its equilibrium value, for a given world price of cocoa, would lead to an
increase in Ghana's cocoa output. Ghana's output is such a large part of world
cocoa trade, however, that this supply rise would result in a reduction in
cocoa's world price. The equilibrium real exchange rate was therefore deter-
mined in a simultaneous system where the world price of cocoa is determined
endogenously as a function of Ghana's real exchange rate. This methodology
resulted in a higher equilibrium real exchange rate than the one based on
calculations which ignore the impact of Ghana's real exchange rate on the
world price of cocoa.

The total effect of the interventions was taken to be simply the sum of the
direct and indirect effects (with some adjustment described in the appendix).
As an example, in Argentina agriculture is taxed first through export taxes (a
direct effect) which reduce agricultural prices, and second through import
protection (an indirect effect) which raises the prices of import substitutes. The
net impact of Argentina's trade policies on the real exchange rate was found to
be small because while export taxes lead to a depreciation of the real exchange

5. For an analysis of the conditions under which the elasticity approach holds, see Dornbusch (1975).
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rate, import protection leads to real exchange rate appreciation. However, the
degree of real exchange rate overvaluation due to Argentina's monetary and
fiscal policies was at times extremely high and provided an additional burden
on the agricultural sector. The sum of the (indirect) impact of industrial protec-
tion and real exchange rate overvaluation, and of (direct) export taxation, on
agricultural incentives in Argentina, for example, has been substantial during
the period examined.

II. DEGREES OF INTERVENTION

Table 1 presents estimates of the degree 6f nominal direct, indirect, and total
intervention in representative export crops for the eighteen countries. The
numbers on direct intervention provide an estimate of the percentage by which
domestic producer prices diverged from those that would have prevailed in a
well-functioning market at free trade (given the actual exchange rate and degree
of industrial protection). The measure is equivalent to the rate of nominal
protection.'

Although government policies differ significantly between individual agricul-
tural commodities, the authors of each country study analyzed between three
and nine commodities. We selected one which was deemed fairly representative
of government policy toward agricultural exportables for reporting in table 1.
As can be seen, most countries adopted direct policies which resulted in the
equivalent of export taxes. Exceptions were Ghana (where a highly overvalued
exchange rate resulted in such strong disincentives that some compensatory
action was politically essential), Portugal, Zambia, Chile, and Turkey in 1975-
79. For the latter two countries, the nominal protection accorded grapes and
tobacco was less than 2 percent-very small indeed-and for Turkey direct
protection turned negative in 1980-84. The suppression of producer prices in
1975-79 equaled or exceeded 25 percent in Argentina, C6te d'lvoire, Egypt,
Malaysia, Sri Lanka, and Thailand, and for the years 1980-84, all countries
except Ghana and Portugal had negative direct protection of agricultural
products.

The indirect effects measured include both the effect of trade and macroeco-
nomic policies on the real exchange rate and the extent of protection afforded
to nonagricultural commodities. 7 The impact of indirect interventions on pro-
ducer incentives was even stronger than the direct ones for Argentina, Brazil,
Chile, Colombia, C6te d'Ivoire, the Dominican Republic, Ghana, Pakistan, the

6. The direct nominal protection rate measures the proportional difference between the domestic
producer price (relative to nonagricultural prices) and the border price (after adjustment for transport,
storage, and other costs and quality differentials) measured at the official exchange rate. See the
appendix for further details.

7. In most studies, relatively large supply elasticities were used to ensure that calculations of the
indirect effects were not biased upward. The values obtained thus tend to represent a lower bound of
the indirect effects.
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Table 1. Direct, Indirect, and Total Nominal Protection Rates
for Exported Products
(percent)

1975-79 1980-84

Country Product Direct Indirect Total Direct Indirect Total

Argentina Wheat -25 -16 -41 -13 -37 -50
Brazil Soybeans -8 -32 -40 -19 -14 -33
Chile Grapes 1 22 23 0 -7 -7
Colombia Coffee -7 -25 -32 -5 -34 -39
C6te d'Ivoire Cocoa -31 -33 -64 -21 -26 -47
Dominican Rep. Coffee -15 -18 -33 -32 -19 -51
Egypt Cotton -36 -18 -54 -22 -14 -36
Ghana Cocoa 26 -66 -40 34 -89 -55
Malaysia Rubber -25 -4 -29 -18 -10 -28
Pakistan Cotton -12 -48 -60 -7 -35 -42
Philippines Copra -11 -27 -38 -26 -28 -54
Portugal Tomatoes 17 -5 12 17 -13 4
Sri Lanka Rubber -29 -35 -64 -31 -31 -62
Thailand Rice -28 -15 -43 -15 -19 -34
Turkey Tobacco 2 -40 -38 -28 -35 -63
Zambia Tobacco 1 -42 -41 7 -57 -50

Average -11 -25 -36 -11 -29 -40

Note: Korea and Morocco are not included because all main agricultural products are imported.
The direct nominal protection rate is defined as the difference between the total and the indirect

nominal protection rates, or equivalently, as the ratio of (1) the difference between the relative producer
price and the relative border price, and (2) the relative adjusted border price measured at the equilibrium
exchange rate and in the absence of all trade policies.

Source: Krueger, Schiff, and Valdes (forthcoming).

Philippines, Sri Lanka, Thailand, Turkey, and Zambia for 1975-79, 1980-84,
or both periods. As already noted, indirect negative protection in Ghana was
so large that direct agricultural policy provided something of an offset. On
average, the indirect effects on incentives to agricultural producers were two
and a half times as large as the direct effects.

For most countries, the effective taxation by indirect policies exacerbated the
negative direct protection, often resulting in extremely large total negative
protection equivalents. As can be seen, in many cases the magnitude of negative
protection or effective taxation was quite large. In the C6te d'lvoire, for ex-
ample, it is estimated that for 1975-79 cocoa producers received about one-
third the price they would have received under a free-trade regime at realistic
exchange rates with no direct intervention, and about half in 1980-84. Sri
Lankan rubber producers fared as poorly in 1975-79 and worse in 1980-84.
Producer prices were half or less of the nonintervention price in C6te d'Ivoire,
Egypt, Pakistan, and Sri Lanka in 1975-79 and in Argentina, the Dominican
Republic, Ghana, the Philippines, Sri Lanka, Turkey, and Zambia in 1980-84.

Overall, a simple unweighted average rate of total nominal protection for the
sixteen countries covered in table 1 was a negative 36 percent in 1975-79 and
a negative 40 percent in 1980-84. Although the average rose somewhat, the
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more notable finding is the degree to which total discrimination against agri-
culture remained essentially constant over the two periods. Although there were
sizable variations for individual countries, there is some suggestion that unfa-
vorable indirect changes are to some extent compensated by favorable direct
changes (that is, as Argentina's exchange rate became less realistic the extent of
direct discrimination against wheat producers fell).

It has long been recognized that there was discrimination against agriculture.
What table 1 brings out is the degree. The negative protection accorded to
producers of agricultural export commodities was a significant factor in de-
pressing export earnings in many countries. Even those countries regarded as
successful exporters of agricultural commodities such as Thailand and Malaysia
adhered to this pattern. Of the eighteen countries covered in the project, only
Chile in 1975-79 and Portugal over both periods maintained regimes which
provided positive total protection to producers. The dominant pattern has been
one of systematic and sizable discrimination.

Although developing countries have more agricultural export than import-
competing products, there are a significant number of the latter. Table 2 pre-
sents data, comparable to those in table 1, for representative import-competing

Table 2. Direct, Indirect, and Total Nominal Protection Rates
for Imported Food Products
(percent)

1975-79 1 980-84

Country Product Direct Indirect Total Direct Indirect Total

Brazil Wheat 35 -32 3 -7 -14 -21
Chile Wheat 11 22 33 9 -7 2
Colombia Wheat 5 -25 -20 9 -34 -25
C6te d'Ivoire Rice 8 -33 -25 16 -26 -10
Dominican Rep. Rice 20 -18 2 26 -19 7
Egypt Wheat -19 -18 -37 -21 -14 -35
Ghana Rice 79 -66 13 118 -89 29
Korea Rice 91 -18 73 86 -12 74
Malaysia Rice 38 -4 34 68 -10 58
Morocco Wheat -7 -12 -19 0 -8 -8
Pakistan Wheat -13 -48 -61 -21 -35 -56
Philippines Corn 18 -27 -9 26 -28 -2
Portugal Wheat 15 -5 10 26 -13 13
Sri Lanka Rice 18 -35 -17 11 -31 -20
Turkey Wheat 28 -40 -12 -3 -35 -38
Zambia Corn -13 -42 -55 -9 -57 -66

Average 20 -25 -5 21 -27 -6

Note: Argentina and Thailand are not included because their main food products are exported.
Turkey was a net exporter of wheat in some years, and in the Dominican Republic rice was not traded

in some years.
The direct nominal protection rate is defined as the difference between the total and the indirect

nominal protection rates, or equivalently, as the ratio of (1) the difference between the relative producer
price and the relative border price, and (2) the relative adjusted border price measured at the equilibrium
exchange rate and in the absence of all trade policies.

Sc,urce: Krueger, Schiff, and Valdes (forthcoming).
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food crops for sixteen countries (two were excluded because they have no
significant import-competing crops).

Several findings are noteworthy. First and foremost, in contrast with the
negative direct protection accorded to exportable products, the countries cov-
ered here with few exceptions provided positive direct protection to import-
competing crops. Indeed, the degree of discrimination against exportables and
in favor of import-competing crops is remarkable: contrast Malaysian rice,
receiving the equivalent of 38 and 68 percent nominal protection over the two
time periods, with Malaysian rubber, taxed at the equivalent of 25 and 18
percent. Direct pricing policy led to an increase in the relative price of rice of
84 percent in 1975-79 and 105 percent in 1980-84 (relative to rubber).

However, by definition, those policies which indirectly affect agriculture
have the same net impact on import-competing as on exportable commodities,
and the listing of indirect protection in table 2 is therefore identical to that in
the equivalent columns of table 1. Taking the effects of both direct and indirect
policies into account, the effects of direct price policy were in many cases
reversed. In Colombia, Cote d'Ivoire, the Philippines, Sri Lanka, and Turkey
(in 1975-79), positive direct effects were more than offset by negative indirect
effects.

In this regard, one remarkable developing country is Korea, where direct
protection to agricultural commodities (there are no exportables) is very high
and the impact of indirect policies is not large by comparison. There, total
protection for domesiT rice production has remained quite stable at about 73
percent over the periods covered here. Despite the strong Korean protection,
and sizeable total protection to rice in Malaysia, the average level of total
protection for all the import-competing commodities covered here was nega-
tive, although not large, about -5 percent in both periods. If the numbers for
Korea and Malaysia are excluded, the average negative total protection for
import-competing crops changes to negative 15 and 18 percent in the two time
periods.

These data, and others in the country studies, raise a large number of
questions, one of which concerns the reasons for the policies pursued. This
becomes an even more pressing question when it can be readily demonstrated
(as in table 2) that agricultural producers often have larger interests in macro-
economic policies than they do in agricultural pricing policies, yet their repre-
sentatives usually concentrate on the latter.

A preliminary and partial answer can be given here. In almost all countries,
one of the stated reasons for intervention in agricultural markets has been the
perceived instability of the international market for agricultural commodities.
To test the accuracy of this rationale, authors calculated the ratio of the stan-
dard deviation of the real producer price (deflated by the price index of the
nonagricultural sector) to that of the real border price (at the official exchange
rates) for a variety of crops. The results, for the same commodities as were
represented in tables 1 and 2, are presented in table 3. A number less than one
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Table 3. Ratio of Standard Deviations of Deflated Producer and Deflated
Border Prices, 1960-84

Exports Imports

Country Crop Ratio Crop Ratio

Argentina Wheat 0.37 None
Brazil Soybeans 0.80 Wheat 0.41
Chile Grapes 0.94 Wheat 0.73
Colombia Coffee 0.87 Wheat 0.93
Cote d'Ivoire Cocoa 0.42 Rice 1.2
Dominican Republic Coffee 0.84 Rice 0.66
Egypt Cotton 0.42 Wheat 0.3
Korea None Rice 1.58
Malaysia Rubber 1.02 Rice 0.47
Morocco None Wheat 0.63
Pakistan Cotton 0.62 Wheat 0.17
Philippines Copra 0.94 Corn 0.27
Portugal Tomato 1.13 Wheat 1
Sri Lanka Rubber 0.44 Rice 0.65
Thailand Rice 0.26 None
Turkey Tobacco 1.16 Wheat 0.56
Zambia Tobacco 0.83 Corn 0.75

Average 0.73 0.69

Note: The border price is measured at the official exchange rate. The deflator is the price index of
the nonagricultural sector.

Source: Krueger, Schiff, and Vald6s (forthcoming).

indicates that real domestic producer price fluctuations (taking into account
only direct intervention) were smaller than real border price fluctuations. As
can be seen, there are only two importable, and three exportable commodities
for which internal prices were more volatile than border prices, and on average
direct price policies reduced producer price variability by 27 percent for exports
and 31 percent for imports. 8 The standard deviation of the producer price of
wheat in Egypt, for example, was only 30 percent of what it would have been
had the border price been passed on to producers, while that in Pakistan was
17 percent. Even for export crops, such as Thai rice, producers experienced
considerably less fluctuation in real prices than they might have given the
prevailing exchange rates and protection to domestic industry.

On average, the price stabilization as measured by the standard deviation is
slightly larger for importables than for exportables. However, exportables gen-
erally are taxed while importables are protected, so that the producer price is
lower than the border price for exportables and higher for importables. Thus
it follows that when measured by the coefficient of variation, which divides the
standard deviation by the mean, the reduction in price variability is significantly
larger for importables (42 percent) than for exportables (18 percent). This
should not come as a surprise because all importables considered are staples so

8. For Korean rice, prices were much more stable than world prices, but the large standard deviation
is due to a few large price changes over the period analyzed.
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that there is pressure for price stability not only from producers (as in the case
of the exportables), but also from consumers because of the impact of food
price variability on real wages.

In the face of uncertain and volatile international markets for agricultural
commodities, governments typically have several policy options to deal with
the price risk that consumers and farmers may face. Price schemes can be
coordinated with supplementary payments (or supplementary taxes) and other
risk diffusing institutions. However, such institutions do not exist or are not
easily accessible to producers in most developing countries, and their develop-
ment is a slow process. Governments therefore typically resort to border type
interventions. The fact that some price stabilization was achieved in the indi-
vidual countries studied does not prove that the interventions as undertaken
were a first-best way of doing it. That is a topic beyond the scope of this
article.

III. SUMMARY AND CONCLUSIONS

The above discussion, which deals only with the measurement of price inter-
vention, has nonetheless generated some striking insights about the impact of
economywide and direct agricultural policies on agricultural prices. Perhaps the
most important result which emerges clearly from our findings is the fact that
the impact of the indirect, economywide interventions generally dominates the
direct effect, whether the direct effect is positive or negative. If the indirect
effects of economywide policies on agricultural prices are ignored, on average
imported food products were protected (at a rate of approximately 20 percent)
and exports were taxed (at close to 11 percent). The results for total price
interventions, however, show that both activities were taxed, at a rate of
approximately 7 percent for imported and 35 to 40 percent for exported
agricultural products.

Furthermore, although direct policies protected imported food at the official
exchange rate, protection was significantly less than for nonagricultural trada-
bles. Rates of protection to industry of substantially more than 20 percent have
been found, both in past studies and in our calculations. Reinforcing the
taxation of agricultural importables is the overvaluation of the currency, which
lowers the price of tradables relative to nontradable goods.

On the basis of the data presented, two findings about sector-specific agri-
cultural interventions seem most significant. First, a particularly marked con-
trast emerges between the direct policies adopted toward imported food
products and exported crops: food imports are subsidized on average while
exports are taxed. Second, contrary to expectations and to the treatment of
exportable products, direct policies have provided protection to the production
of food in about 70 percent of the countries studied.

Why does the difference in treatment of exports and imports occur? The
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individual country studies suggest several reasons. If a country desires self-
sufficiency in the production of staples, it may adopt tariffs to promote domes-
tic production, eliminating that protection once self-sufficiency is attained and
even taxing the product when it is exported. A dearth of easily administered
and enforced taxes in a developing country may also focus government atten-
tion on exports as a relatively feasible source of revenue. The taxation of food
exports, such as wheat and beef in Argentina and rice in Thailand, not only
generates revenues but also encourages domestic sales at lower prices, reducing
the cost of food and subsidizing consumers. Direct subsidy of the production
of an imported food, however, requires fiscal expenditures, while tariffs pro-
vide revenue and promote domestic production. This may also help explain
why importable food products tend to be protected rather than taxed.

Because direct policies protect food crops, maintenance of low food prices to
keep money wages low does not seem to operate through direct pricing policies.
Rather, it results mainly from overvaluation of the exchange rate, one of the
indirect policies explored comprehensively in the study.

Our studies also indicate that the operation of direct food pricing policies
has resulted in greater price stability, with a larger reduction in price variation
for importables than exportables. The relative cost of that stability is another
important question suggested for future research.

This article has reported results for only a subset of the products and periods
included in the country studies. Future analysis will delve into additional as-
pects of price policies and the impact of interventions on producer and con-
sumer prices, the effects of those price changes, and the political economy of
agricultural price policy.

Many issues of political economy emerge from the analysis and have a
bearing on the formulation of direct agricultural policies that are not explored
here: the political strength of urban workers and industry, the political imper-
atives of agricultural marketing boards, fiscal pressures and the fact that price
policies, once in place, have tended to have a life of their own with results
often quite different from those intended. In addition, given that the impact of
exchange rate and industrial protection policies was greater than that of agri-
cultural price policies, why did agricultural producers' groups continue to focus
their political attentions on issues pertaining to agricultural pricing, with little
or no attention to exchange rate policies and other issues of greater importance?

Hypotheses about these and other phenomena will be set forth and examined
in KSV. At this stage, it is evident that one contributory factor has been a failure
to comprehend the implications of macroeconomic policy for agriculture.
Whereas vested interests, pressures on fiscal and external accounts, and other
factors all influence agricultural pricing policies, knowledge is also a contribu-
tory factor. As such, further analysis at the country and comparative level, by
improving knowledge, may benefit the future development of the political
economy of agricultural pricing.
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APPENDIX

We first present the various measures of intervention, and then derive the
equilibrium real exchange rate.

Measures of Intervention

Let Pi be the domestic producer price of a tradable agricultural product i, let
Pi = PfE0 be the border price Pj of product i evaluated at the official nominal
exchange rate E. (and adjusted for transport, storage, and other costs, and
quality difference), let Pi" = P'E* = P,'E* lE, be the border price Pi' evaluated
at the equilibrium nominal exchange rate E* (and adjusted for transport,
storage, and other costs), let PNA = +PUAT + (1 -o)PNAH be the nonagricultural

sector price index which consists of a tradable share, ce, with price PNAT and of
a nontradable home share, 1 - a, with price PNAH, and let P;A = ce PNATE/

(1 + t,TA)Eo + (1 - C)PvAH. PNA is the nonagricultural price index where the
price index of the tradable part is evaluated at E" and in the absence of trade
policy, tNA, affecting nonagricultural tradables.

Then the direct nominal protection rate, which measures the proportional
difference between the relative domestic price and the relative border price of
agricultural tradables, is

( 1 ) NPRD a -ip = Pi/Pi 1,

and measures the effect of price controls, export taxes or quotas and the other
policies affecting Pi. The indirect nominal protection rate which measures the
effect of the exchange rate E. differing from EX-, and the effect of trade policy
on P,?-AT, is

Pi N , PNA____ -E *FPN,E - 1.
(2) NPR, -p* / p 1 (E1rIE,)p'IP* 1 PNTA

pI~*A( 0 /OP/~ NA o NA

NPR1 is the same for all tradable products since Pi does not appear in equation
2. Finally, the total nominal protection rate is

(3) NPRT P/ PNA - 1.
I NA

NPRD + NPRJ * NPRT because the denominator of NPRD differs from that
of NPRI and NPRT' To make the three measures comparable, we define another
direct protection rate

(4) np rD = i, N A i; N A

Pi NA

which measures the impact (PT/PNA - 1< /PNA) of the direct policies as a percent
of P,"/P: the relative price which would prevail in the absence of all interven-
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tions and with E = E':. Then, npr, + NPR, = NPRT. These measures are the
basis of the levels of nominal protection presented in tables 1 and 2.

The calculations of NPR, and NPRT include adjustments in the nominal
exchange rate. As is shown below, these adjustments are also relevant when
the real exchange rate is used.

The Equilibrium Exchange Rate

We assume an economy with three goods: an exportable, X, an importable,
M, and a nontradable, H, with prices P!, PV, and PH, respectively.9 We also
assume a domestic and a foreign currency with relative price E, the nominal
exchange rate, defined as the domestic currency price of foreign currency. We
define the real exchange rate, e, as the ratio of the nominal exchange rate and
the price of the nontradable H, that is,

(5) e = E/PP,.

We do not consider the foreign prices of X and M in the definition of e
because in the case of a small country in the world market, these prices are
given and are not affected by policy changes.

We are interested in the change in e which would result from the elimination
of interventions and of the unsustainable part of the current account deficit.
For those countries where removal of policy interventions affects world prices
(for example, Ghana), that effect was taken into account.

We assume that both the demand for and supply of foreign exchange, QD
and Q9, are functions of the real exchange rate, with elasticities - ED and E,
respectively.

Assume that the unsustainable part of the deficit in the current account is
AQ. Then it can be shown that the real exchange rate needed to eliminate AQ0
is

(6) eQ = + 

where e0 is the prevailing real exchange rate and e,Q, + EDQD measures the
reduction in excess demand for foreign exchange (the deficit) due to a one unit
increase in the real exchange rate.

Assume now that the tariff equivalent of protection on the importable good
is tM and the export tax on the exportable good is t,. Eliminating both meas-

9. Our model of real exchange rate determination is based on a variant of the "elasticity approach."
That approach (as described in, say, Magee 1973) prov'ides a framework for examining the impact of
changes in the nominal exchange rate.
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ures was found to lead to an increase, AQ, in excess demand for foreign
exchange in the eighteen countries, where

(7) AQ1 tm QDED I t Q1SS
+ tm - t

Define the real exchange rate where AQ. = t= = 0 as the equilibrium
real exchange rate e'. Then

(8) e = (AQ° + AQ + ) e- .

The solution of the model of exchange rate determination is the equilibrium
real exchange rate e* rather than the nominal rate E* used in NPR, and NPRT
above, where e - E/PH. The nontradable sector, H, is assumed to consist
(almost) entirely of nonagricultural goods and services, NAH, and therefore
e = E/PNAH. Assume t, measures the impact on pi of a price control, an export
tax, or an import subsidy, and tx < 0.

Then:

pi P EO(1 - t1) P E 0(1 -tJ

PNA aPNAT + (1 -e)lXAH aP,ATEO (1 + tHA) + (1 -a)PNAH

Pi(Eo/PNA,J(l tj)

aPN'AT(Eo/PNAH)(1 + tNA) + (1 - a)

or

(9) Pi _ Pe(l - tj)

PNNA aPAT 1 + tNA) e. + (1 -

Then,

(1 0) ~Pi' Pie0

(10) P NA P'NAT (1 + tNA) e. + (1 - a)

and
pBe

(11) ~ PN aPNATe + (1 - a)

As can be seen from equations 9, 10, and 11, to derive NPRI and NPRT it is
sufficient to know e0 and obtain e:, and information on E- and P*AH is not
needed.
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Inflationary Rigidities
and Orthodox Stabilization Policies:

Lessons from Latin America

Miguel A. Kiguel and Nissan Liviatan

Orthodox stabilization programs in Latin American countries have been notoriously
unsuccessful in combating inflation, despite the imposition of stringent cuts in
government deficits. In most cases inflation came down only slowly and temporarily,
with concomitant declines in growth and employment. The Bolivian progam, one of
the only Latin American successes, is contrasted with those of Argentina, Brazil, Chile,
and Mexico. The problems of dealing with chronic inflation are compared with those
of hyperinflationary countries, and the influence of price and wage rigidities,
expectations, and credibility is explored. The study shows that fiscal restraint is a
necessary but not sufficient condition for success, and that sound management of
nominal variables (the exchange rate and money supply) are also necessary. The
critical role of credibility is linked with price and wage rigidities in the chronic inflation
countries, whereas the unsustainability of hyperinflation is seen to increase the
credibility of and thus the potential for successful stabilization programs.

Despite the large number of stabilization programs implemented in Latin Amer-
ican countries over the years, inflation does not show any signs of retreating.
The one exception is Bolivia, where tight monetary and fiscal policies produced
stabilization quickly and with relatively low costs. In most other instances
where orthodox policies were applied, inflation came down very slowly, and
stabilization was accompanied by a reduction in growth and increases in
unemployment.

The purpose of this article is to analyze the experience with orthodox stabi-
lization policies in five Latin American countries. By "orthodox" we mean
policies based on a tight fiscal stance not supported by price controls (which
play an important role in the "heterodox" policies that lie beyond the scope of
this study). A central issue is the difference in the relation of chronic inflation
(defined as a long period of moderately high inflation) and hyperinflation with
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regard to the dynamic behavior of prices and wages. We also address questions
about the relation between budget deficits and inflation. Is inflation always and
everywhere in Latin America a fiscal phenomenon? Do reductions in the budget
deficit always result in lower inflation rates?

Section I of the article analyzes why orthodox policies based on fiscal adjust-
ment and exchange rate pegging were effective in stopping hyperinflation but
were ineffective against chronic inflation. The effect of the elimination of
inertia in hyperinflation, the erosion of government revenues, and the unsus-
tainable nature of the hyperinflationary process are examined.

Section II analyzes three basic types of stabilization in countries with chronic
inflation. The first type is based almost exclusively on fiscal adjustment, an
approach undermined by the lack of nominal anchors and illustrated by the
experiences of Brazil and Mexico in the 1980s. Using these experiences, we try
to explain the paradox of the joint occurrence of a sharp cut in the fiscal deficit
and an upsurge in the level of inflation.

This leads us, secondly, to consider programs which employ a monetary
nominal anchor in conjunction with fiscal adjustment. We base the empirical
analysis on the policies employed in Chile by the military regime in the mid-
1970s. The problems of credibility and price rigidities are especially important
in Chile, where the 1974-75 monetary tightening involved a high social cost in
terms of unemployment.

Finally, we examine exchange-rate-based stabilization programs which often
evolve out of the monetary-fiscal package described earlier. We analyze the
relation between exchange rate and fiscal policies in the short and long runs,
highlighting the role of credibility issues. The empirical analysis is based on
three stabilization programs carried out by Argentina in the past thirty years,
and on the experience of Chile toward the end of the 1970s. We conclude with
the long-run view which extends beyond specific programs and emphasizes the
importance of persistence in fiscal discipline and in adherence to nominal
anchors.

t. STOPPING CHRONIC INFLATION AND HYPERINFLATION

Stopping Hyperinflation: The Case of Bolivia

We draw here on Sachs (1986) and Morales (1987a, 1987b) to analyze the
Bolivian hyperinflation of 1982-85 and its quick stabilization. During the
1960s and 1970s Bolivia had moderate inflation rates by Latin American stan-
dards. Inflation started to accelerate in 1982 and eventually reached an annu-
alized rate of 45,000 percent.

It seems that the process was triggered by a sharp reduction in the external
funds which had been used to finance the budget deficit. The government was
then forced to finance the deficit domestically, mainly by printing money. This
is shown in table 1 by the sharp increase in seigniorage, measured here as the
change in base money as a percentage of gross domestic product (GDP). Due to
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Table 1. Annual Macroeconomic Indicators, Bolivia
Budget deficit Seigniorage Inflation Terms
(as percentage (as percentage rates GDP Unemployment of

Year of GNP) of GDP) (averages) growth rate trade

1980 9.0 3.2 47.2 1.2 5.8 100.0
1981 7.8 1.6 28.6 -0.4 9.7 99.7
1982 14.7 12.2 133.3 -5.6 10.9 98.1
1983 19.1 10.0 269.0 -7.2 13.0 99.3
1984 27.4 15.9 1,281.4 -2.4 15.5 104.1
1985 9.1 8.8 11,749.6 -4.0 18.0 104.3
1986' 2.9 n.a. 276.3 -2.9 20.0 81.9

a. Preliminary figures.
Source: Inflation and seigniorage: International Monetary Fund (various years); other variables:

Morales 1987a.

delays in tax collection and in the adjustment of public sector prices, as infla-
tion accelerated it eroded the real value of government revenues (the Olivera-
Tanzi effect) and further exacerbated the fiscal situation. Tax revenues were
virtually eliminated by 1983, and seigniorage, which during most of the 1970s
remained at 2 percent of GDP, jumped to 12 percent of GDP and remained
around this level until stabilization.

In August 1985 a successful stabilization program was launched along strictly
orthodox lines, which rapidly stopped inflation. The budget deficit was cut
from more than 20 percent in 1984 to 3 percent in 1986 (see table 1), monetary
discipline was imposed, and the exchange rate was stabilized. It is not apparent
that the abrupt halting of inflation had any clear impact on output. As can be
seen in table 1, the economy had been experiencing negative growth and
continuous increases in unemployment since 1981; the worsening of output
growth and the increases in unemployment that occurred in the second half of
1985 and during 1986 continued the downward trend that had started during
the hyperinflation period. In addition, part of the output losses during the
stabilization period were due to the sharp deterioration in the terms of trade in
1986 resulting from the collapse of the tin market.' The drastic reduction in
inflation with what appears to be relatively small costs, followed the pattern of
the classical European hyperinflations, as documented in numerous studies
(see, for example, Sargent 1986).

Elimination of Inertia through Hyperinflation

One of the main explanations of the comparative ease of stopping hyperinfla-
tion, in contrast to chronic inflation, is the eradication of inflationary inertia
by the very process of hyperinflation (Pazos 1972). In low- to moderate-infla-

1. Morales (1987a) claims that the stabilization effort should have led to an increase in output and
that the absence of this expansion suggests that the program had a recessionary impact. He also argues
that the costs of the stabilization program may have been larger than is suggested by the data on
unemployment and growth in table 1. The cuts in government expenditure had a significant effect on
social services and public investment, which could affect future,growth.
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tion economies there are explicit or implicit nominal contracts which tend to
increase the effect of lags in the system. Given that these contracts are stag-
gered, the reaction of inflation to policy measures is slowed down. The longer
the duration of the staggered nominal contracts, the more persistent prices are
likely to be (Taylor 1979) and the slower will be the reaction to stabilization
policies. As inflation increases, parties to contracts shorten the period over
which they are willing to restrict nominal prices (Pazos 1972), and during
hyperinflation, contracts and price changes become almost entirely synchro-
nized. Hyperinflation resembles a system of fully flexible prices and wages with
no nominal rigidities, with the potential of responding very quickly to disinfla-
tionary measures. Inflation becomes a balloon which can be pulled down very
rapidly.

In Bolivia, the response of inflation to the policy measures of September
1985 was very quick: the free market exchange rate appreciated immediately
after the introduction of the stabilization package, whereas prices stabilized
just one week later. This responsiveness, however, worked in the opposite
direction as well. For example, the relaxation of fiscal control in December
1985 and early 1986, and other developments, caused a rapid upsurge in
inflation, bringing it close to the hyperinflation levels. Exchange rate stabiliza-
tion and tight fiscal control reestablished price stability almost immediately (see
table 2). As we shall see, one does not find rapid reaction of inflation to
equivalent policy measures in other orthodox stabilizations in Latin America.

An important implication of lack of inertia is the ability to stop inflation
even in the presence of a balance of payments crisis. Dealing with such a crisis
in an environment without price rigidities requires a change in relative prices
which can in principle be achieved simultaneously with halting inflation. In
Bolivia the collapse of the tin market in October 1985 prompted massive
devaluations which led to only a temporary rise in inflation (table 2), as one
would expect from an inertialess system. In chronic-inflation countries, how-
ever, the big devaluations which accompany these crises tend to increase infla-
tion in the short as well as in the long term.

The Need for Credibility

The importance of credibility in stabilization programs is recognized by most
economists, and we shall argue that it is much easier to establish the required
credibility in dealing with hyperinflationary outbursts than with chronic infla-
tions. Credibility is not limited to expectations about the persistance of fiscal
discipline, but relates also to the government's resolve to use an appropriate
nominal anchor-such as the money supply or the exchange rate-to determine
the domestic price level. If nominal policies are not credible, domestic prices
and wages will continue to rise on the basis of expectations of accommodating
policies by the government. The expectations (and the consequent continuation
of price increases) may be self-fulfilling: the government may be forced to
increase the money supply in order to avoid growth in unemployment or to
devalue in order to avoid an appreciation of the real exchange rate.
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Table 2. Growth Rate of Nominal Variables, Bolivia
(percent per month)

Consumer Free market Monetary
Month Year price index' exchange rates baseb

September 1984 37.33 99.44 15.12
October 59.13 11.11 27.14
November 31.56 21.47 25.52
December 60.88 32.74 124.22
January 1985 68.76 197.84 36.63
February 182.77 93.25 39.50
March 24.94 -9.19 42.51
April 11.78 30.66 43.50
May 35.67 62.68 64.93
June 78.46 76.87 32.83
July 66.30 83.80 57.72
August 66.46 33.52 69.85

Beginning of stabilization program
September 56.51 -8.02 46.07
October -1.86 3.01 15.04
November 3.20 22.01 -0.36
December 16.80 25.55 48.39
January 1986 32.96 30.56 -10.35
February 7.95 -14.43 11.67
March 0.07 2.39 4.13
April 3.59 -1.76 8.57
May 0.97 1.88 10.53
June 4.26 -0.90 2.93
July 1.76 -0.69 6.91
August 0.66 0.06 -0.07
September 2.28 -0.52 9.06
October 0.58 0.57 9.19
November -0.11 0.14 10.36
December 0.65 0.61 8.25

a. Month-to-month changes of monthly average levels.
b. End-of-month to end-of-month changes.
Source: Morales (1987a).

Did the Bolivian program enjoy greater credibility? Sachs (1986) argues
convincingly that the program did not seem very credible from the point of
viewr of sustainability in the light of the uncertain political setting. He claims,
however, that long-run credibility in fiscal policies (of the type required by
Sargent 1986) is not necessary for short-run stabilization as long as the ex-
change rate is stabilized. This is an example of a theory which claims that the
need for credibility is smaller in hyperinflation, using implicitly the inertialess
property of the system.

This thesis is quite obvious for an economy based only on tradables, given
the law of one price. Inflation can be stopped immediately by fixing the ex-
change rate. Sustainability will be supported in the short run by the increase in
international reserves resulting from the increase in the demand for money. If
the budget is balanced, there will be no need to expand domestic credit, and
the situation will be sustainable in the longer run as well. If a budget deficit
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exists, increases in the money supply to finance the deficit will result in a loss
in reserves up to the point where it will trigger a balance of payment crisis (see
Krugman 1979).

The possibility of stopping hyperinflation through exchange rate stabilization
can be extended to a model which includes nontradables and is based on agents
with a long forward-looking view.2 It is essential, however, that the system be
free of inertial forces. This condition may be reasonably well satisfied in ad-
vanced stages of the hyperinflationary process, as we noted earlier. When
inertia due to staggered contracts is not eliminated, as in the case of chronic-
inflation countries, domestic prices will continue rising due to the influence of
past contracts. Stabilization policies may be considered to be unsustainable,
and this will be reflected in current contracts (as in Calvo 1983), causing
continued inflation and a real appreciation.

This suggests that stabilization based on exchange rate stability is much less
dependent on fiscal credibility under hyperinflationary conditions as compared
with chronic-inflation processes. It must be stressed, however, that the forego-
ing argument refers only to fiscal credibility. One has still to explain the
credibility in the persistence of exchange rate stabilization in the face of poten-
tial wage pushes based on expectations of continued accommodating
devaluation.

Although Sachs's thesis seems quite convincing, most analysts of the Bolivian
experiment tend to attribute to the fiscal adjustment not only longer-run stabi-
lization but also the short-run success. In their view the exchange rate had a
secondary role-its stabilization is a result of the drastic reduction in the fiscal
deficit. A similar debate regarding the roles of fiscal and exchange rate policies
for stopping hyperinflation has arisen in connection with the German hyperin-
flation of the 1920s (Dornbusch 1987).

An analysis which attributes successful anti-inflation programs to fiscal sta-
bilization must also explain how the government's determination to stop mon-
etary accommodation to inflation is made credible if the exchange rate
stabilization is not binding. In the absence of this credibility, wage and price
setters will continue the inflationary trend, expecting the central bank to ac-
commodate. Why is it that in hyperinflation the fiscal adjustment is sufficient
to generate the required credibility and put an immediate stop to inflation?

Factors Affecting Credibility

One factor which makes stabilization policies more credible under hyperin-
flation is that excessive seigniorage can be clearly identified as the cause of the
inflationary acceleration. For this reason a policy which prevents the central
bank from printing money to finance the deficit is a clear and credible solution.

2. This follows, for example, from Sidrauski-type models studied by Drazen and Helpman (1987),
Calvo (1987), and Obstfeld (1985) when the exogenous real variables are constant over time. This

point is explained in greater detail in Kiguel and Liviatan (1988).
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The importance of recognizing the source of inflation and agreeing upon the
response is what makes a quick stabilization possible.

This source of credibility is ordinarily not relevant for chronic-inflation proc-
esses where inflation often accelerates without any significant increase in seign-
iorage. This contrast between the inflationary processes is reflected in table 3.
Whereas in Bolivia the acceleration in inflation was accompanied by drastic
increases in the level of seigniorage, we find that in Brazil the level of seignior-
age remained relatively constant in spite of a continuous rise in the rate of
inflation. Argentina appears as an intermediate case.

A second factor affecting credibility of a stabilization program is the ability
of the governments to offset some of the real effects of inflation acceleration
(for example, by various forms of indexation). Chronic-inflation countries tend
to develop sophisticated defense mechanisms which allow them to adapt to
inflation. These mechanisms are all but absent in hyperinflation countries (see
Morales 1987a for the case of Bolivia).

The ability of chronic-inflation countries to adjust to inflation is best re-

Table 3. Inflation, Tax Revenues, and Seigniorage in Argentina, Bolivia, and
Brazil
Country 1979 1980 1981 1982 1983 1984 1985

Argentina
Inflation (percent)' 159 101 104 165 344 627 672

Public sector revenuesb
(percentage of GDP) 29 31 32 28 29 31 32

Seigniorage (percentage of GDP) 5.9 4.8 3.5 7.8 8.6 7.1 6.5

Bolivia
Inflation (percent)' 20 47 29 133 269 1,281 11,750
Revenues of central government,

(percentage of GDP) 9.4 9.6 9.4 4.6 2.6 2.6 1.3
Seigniorage (percentage of GDP) 1.1 3.2 1.6 12.1 10.0 15.9 8.8

Brazil
Inflation (percent)' 53 83 106 98 142 197 227
Total receipts of general

government (percentage of
GDP)d 28 28 31 34 32 30 33

Seigniorage (percentage of GDP) 3.3 2.0 2.0 2.1 2.0 2.7 2.7

Note: Inflation is annual average of Cpi. Seigniorage is calculated as change during the year of base
money divided by nominal GDP.

For Argentina, we used MI instead of base money because this better approximates the concept of
seigniorage net of interest paid on banks' reserves.

For Brazil, general government includes consolidated accounts of central government, states, and
municipalities, as well as decentralized agencies of government. Years 1979 and 1980 are from an earlier
series. The entries for the following three years in the latter series are 30, 31, 32.

a. From International Monetary Fund (various years).
b. From de Pablo (1987).
c. From Sachs (1986).
d. International Monetary Fund data.
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flected by the behavior of government revenues during inflationary accelera-
tions. We have noted that a well-known feature of hyperinflationary processes
is that the tax revenue base is eroded by inflation (the Olivera-Tanzi effect) thus
exacerbating inflationary acceleration. Bolivia seems to have followed this pat-
tern in the 1980s, whereas chronic-inflation countries have not. It can be seen
in table 3 that as inflation began to accelerate in Bolivia, revenues (as a per-
centage of GDP) dropped from 9.4 to 1.3 percent. Note also that revenues were
2.6 percent in 1983 (with an annual rate of inflation of 269 percent), when the
economy was not yet in a full hyperinflationary state.

This contrasts sharply with the chronic-inflation countries, which also expe-
rienced a rapid acceleration of inflation following the external shocks of the
late 1970s and the debt crises of the 1980s. In Argentina inflation rose from
around 100 percent in 1981 to around 600 percent in 1984, while public sector
revenues dropped only temporarily in 1982 and 1983 (only by about 3 percent
of GDP) and were restored in 1984. Similar robustness of revenues can be seen
in Brazil as well as in other chronic-inflation countries.

The ability of chronic-inflation countries to avoid excessive seigniorage and
their skill in adjusting their finances to inflation has also made it possible for
them to avoid the slippage into hyperinflation of the Bolivian type. This re-
sulted in making inflation sustainable, at least for the medium run, even if it
reached a high plateau. In this environment the public tends to view disinfla-
tionary programs as postponable, thus reducing their credibility. This contrasts
with the explosive nature of hyperinflation which, after some stage, seems to
be unsustainable even in the short run. This contributes to the credibility of a
feasible program-such as an end to money-financing of the fiscal deficit. Note
also that because Bolivia was not traditionally a high-inflation country, pro-
grams to achieve price stability were more credible.

The distinction between a high sustainable level of inflation and a runaway
hyperinflation is crucial for our foregoing argument. Because this point is not
always well understood, we may clarify the issue by means of figure 1. Con-
sider a situation in which the economy has a budget deficit that has to be
financed through money creation. In a stationary equilibrium the deficit will be
equal to the revenue obtained from the inflation tax-that revenue is equal to
the monetary base times the inflation rate. This is shown in figure 1, where D
and D' (D > D' ) represent two possible budget deficits, and where 7rm and
7r' m' are the corresponding revenues from inflation. These schedules are
downward sloping because in order to finance a given budget deficit a reduction
in inflation (the tax rate) requires an increase in real money balances (the tax
base). The mi curve represents the money demand equation. It is downward
sloping because an increase in the rate of inflation raises the opportunity cost
of holding money and reduces money demand. The stationary rate of inflation
and the stock of real money balances will be determined by the intersection of
the two curves. At a stable equilibrium point such as A, the economy will have
a constant rate of inflation, 7rA and will hold real money balances, m,.
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Figure 1. Inflationary Financing of Budgetary Deficits

WrA -------------- - - -\D' =7'm

I md

mA Real money balances, m

Key: D, D' = budget deficits; Md = demand for money.

As the deficit grows, however, the deficit schedule shifts up. When it reaches
a position above md, people are not willing to hold large enough quantities of
money to finance the deficit at any combination of inflation and real money
balances so that there is no stationary solution and the economy must embark
on a hyperinflationary process in which inflation is increasing constantly. The
government can extract resources from the private sector through increases in
inflation as a result of rigidities in the adjustment of the money market or when
expectations do not fully and instantaneously adjust to actual inflation (see
Kiguel, forthcoming). This type of development is consistent with the data on
inflationary acceleration and with the unsustainable levels of Bolivian seignior-
age since 1982 that are reported in table 1.

This interpretation of the Bolivian hyperinflation stands in contrast with that
of Kharas and Pinto (1987) and Sangines Krause (1987).3 Although these
authors explain the higher inflation rates as resulting from higher seigniorage
levels, they view the acceleration of inflation as just a transitory phase in the
adjustment to a new higher stationary inflation level. In figure 1, this would
correspond to a movement from A to A', which would become a new long-
run stable equilibrium at a higher level of seigniorage. This interpretation,
however, does not account for the fact (as shown in table 1) that inflation was
accelerating over the years at an increasing rate rather than converging.

3. Sachs (1986) is not clear on this point. In private correspondence he fully agrees with our view.
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II. ORTHODOX STABILIZATION IN CHRONIC-INFLATION COUNTRIES

Stabilization strategies implemented in chronic-inflation countries face quite
different circumstances and constraints than those in hyperinflation economies.
We find it useful to organize the analysis of chronic inflation around three types
of stabilization programs: (1) those based primarily on fiscal adjustment; and
those based on a combination of fiscal adjustment with a nominal anchor which
may take the form of (2) monetary or (3) exchange rate policy.

Fiscal Deficits and Monetary Accommodation

We begin by delineating the distinctions between fiscal and monetary aspects
of stabilization and their relation to the concepts of inertia and monetary
accommodation. The related empirical concepts are primary, quasi-fiscal, and
operational deficits.

We use a theoretical example adopted from Calvo and Fernandez (1983).
Consider an inflation tax model where the primary budget deficit, D, is defined
as the difference between real expenditures and taxes (that is, total expenditure
excluding interest payments, minus taxes). The size of D is determined by the
fiscal authority at the treasury, whereas monetary authorities in the central
bank are in charge of financing this deficit and conducting a banking policy.

The central bank supplies the treasury with base money to cover D and pays
a nominal interest rate (i,) on private bank reserves. Assume for simplicity that
money consists only of bank deposits (no currency) which earn a nominal rate,
id. Thus bank reserves are identical to base money.

If i denotes the nominal market interest rate on commercial loans and a is
the constant reserve ratio, then in a competitive banking system the interest
rate on deposits is the weighted sum of interest rates on commercial loans and
on bank reserves:

(1) id= i(l -a) + ira

Given h as the real value of the monetary base and L as the demand for real
bank deposits ("money"), we have

(2) h = aL

We assume that L depends negatively on the differential between commercial
loan rates and the rate on bank deposits, i - id, which is the opportunity cost
of holding money, and, by equation 1, equals a(i - i). Assuming further that
i equals the inflation rate, 7r, we may write the demand for deposits as:

(3) L = L (x), x = a (7r- i,)

The budget deficit equation in the steady state is given by D = (7r - ih,
which indicates that the seigniorage, irh, is used to finance the fiscal deficit and
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the interest on reserves. Substituting equations 2 and 3 into the fiscal deficit
equation, we may write

(4) D = xL (x); x = a (lr-i)

which shows that a given D determines x but not 7r. The inflation rate, 7r, will
vary inversely with the reserve ratio, a, (if Tr > i,) and directly with the interest
rate on reserves, i,.

This example brings out some important conclusions. First, a given budget
deficit is consistent with many inflation rates. Second, a zero budget deficit is
consistent with any inflation level if i, = ir. Thus if the central bank returns all
the seigniorage to the public in the form of interest on bank reserves (which
implies 7r = id), then inflation is indeterminate. 4

These findings about the relation of the deficit to inflation rates provoke
questions about the emphasis that the Sargent-type school of rational expecta-
tions puts on eliminating the deficit as an immediate cure for inflation. The
answer would probably be that when D = 0, the "natural" solution for x = 0
is x = i, = -7r = 0 rather than i, = 7r > 0. This can be rationalized by the
presumption that because D = 0 there is no reason for agents to expect
7r > 0.

This would not be the case at all, however, in situations where agents have
deep-rooted expectations of continued inflation. The source of the inflationary
expectations may vary. It could result from a backward-looking approach,
from a basic pessimism about the government's ability to control inflation, or
from the public's expectations that the government intends to use inflation to
erode real wages and increase employment (as in Barro and Gordon 1983).
Whatever the cause, if the central bank does not fully accommodate the growth
of the money supply in the face of rises in prices and wages, this could lead to
a recession. The central bank may decide to accommodate inflationary expec-
tations rather than risk this outcome.

A balanced fiscal budget and absence of monetary accommodation, there-
fore, are conceptually different. There is no logical requirement that if the
deficit is zero then inflation must be zero also. Thus D = 0 is not a sufficient
condition for 7r = 0-it is, however, a necessary one. We can see this from a
rearrangement of equations 3 and 4:

D
aL(x)

One may consider the interest paid on the monetary base (i,h) as losses
of the central bank or a quasi-fiscal deficit. The elimination of fiscal plus

4. When we take account of currency, the indeterminateness of ir with D = 0 requires, in addition,
that the central bank returns to the public the amount of the inflation tax on currency. The latter
component will be small when inflation is high, because real currency holdings will fall relative to
interest-bearing deposits.
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quasi-fiscal deficits implies an end to inflation in the long run because
D + i,b = 7rh. It must be realized, however, that this involves not only the
requirement that the government live within its fiscal constraint but also it
should be willing to stop accommodating stubborn inflationary expectations.

Finally, to clarify the concept of "operational deficit," we introduce the
possibility of bond finance. By ignoring the private banking system we formu-
late a budget equation in which the deficit plus nominal interest payments on
the stock of bonds outstanding are financed by seigniorage and the sale of new
government bonds:

H B
D + ib = _ + _

P P

where i = r + 7r (r being the real interest rate), b = B/P, which is the real
stock of government bonds (B = nominal bonds, P = price level), and
Hi and P are issues of new money and new bonds. In the steady state, the stock
of real bonds (b) is constant so that the rate of change of new bond issuance is
equal to the rate of change in inflation: P/B = 7r. Then if b is constant across
steady states and D is constant, it is the "operational deficit," defined as Do =
D + rb = irh, which determines 7r (that is, the inflation tax finances the pri-
mary deficit plus real interest payments), whereas D + ib = D° + 7rb repre-
sents the "public sector borrowing requirements," which are determined
indirectly by D°.

Thus, in this model the cause of long-term inflation is the operational deficit
while borrowing requirements are the effect. Note also that if inflation in-
creases because of other causes (such as import prices), then borrowing require-
ments will be inflated., It is for these reasons that the operational deficit is the
more appropriate concept for economic analysis.

Examples of Fiscal-based Stabilization

Mexican Stabilization of 1983. This program took place against a back-
ground of a swelling public sector deficit (with an operational deficit of 10
percent of GDP in 1981), a record current account deficit (reaching 6.7 percent
of GDP in 1981 compared with 2-3 percent in 1977-79), a tremendous increase
in the public debt (from 18 to 39 percent of GDP between 1980 and 1982), and
uncontrolled increases in nominal wages.6

In 1982, the last year of the Lopez Portillo administration, the government
responded with the announcement of a moderate (3 percent) cut in the federal
budget and a massive devaluation of 70 percent in February (followed by 45

5. With monetary accommodation by the central bank (as in the previous model), the operational
deficit may remain constant.

6. This part is based on an excellent account by Diaz (1987) and International Monetary Fund and
World Bank data.
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Table 4. Annual Macroeconomic Indicators, Mexico

Indicator 1980 1981 1982 1983 1984 1985 1986,

Growth rates
GDP per capitab 5.4 5.1 -3.1 -7.6 0.8 -0.1 -1.4

Consumption per capitab 4.9 4.8 -1.4 -9.1 0.2 -0.8 -7.7
GDP deflator 29 27 61 92 62 54 78
Nominal devaluation' -4 -1 114 96 25 40 143
Real industrial wages -4.4 1.2 1.9 -26.0 2.9 1.8 -19.2

Imports (real) 31.9 20.3 -37.0 -41.7 19.8 11.8 -18.0

Operational deficit/GDP
(percent) 5.2 10.0 6.5 2.4 2.1 2.1 2.7

Primary deficit!GDP
(percent) n.a. 9.4 5.1 -5.1 -5.0 -3.3 n.a.

Real effective exchange rated 100 91 134 138 114 113 152

Current account balance
(billions of U.S. dollars) -8.1 -13.8 -6.2 5.4 4.1 1.2 -1.3

n.a. Not available.
a. Preliminary figures.
b. At constant prices.
c. Effective exchange rate.
d. Index.
Source: World Bank data.

percent in August). This sequence of policies led to an acceleration of inflation

from a rate of around 20-30 percent in 1978-81 to about 100 percent in

1982.7

The drastic adjustment began in 1983 under the new administration of

Miguel de la Madrid, who implemented a cut in the operational budget deficit

from a level of 10 percent of GDP in 1981 and 6.5 percent in 1982 to 2.1

percent in 1983-85 (see table 4). Note also the even larger reduction in the

primary deficit (that excludes interest payments altogether), which fell by 14

percent of GDP between 1981 and 1983.

As a result of the shock treatment, real GDP fell by 5 percent in 1983. Despite

the stringent fiscal measures and the general recessionary shock, inflation

(measured by the GDP deflator) remained at an annual rate of around 90

percent in 1983, falling to around 60 percent in 1984-85 and then rising to
nearly 80 percent in 1986. Inflation rose to a new plateau following the elimi-

nation of the operational budget deficit. The program was successful, however,

in alleviating the current account deficit, which moved from 6.7 percent of GDP

to a surplus of 3.8 percent in 1983 and 2.5 percent in 1984.
Brazil 1983-84. Since 1979 Brazil also had to deal with a deteriorating

current account deficit (which reached a record level of 9 percent of GDP in

1982) and a mounting external debt. The inflationary situation, however,

7. Given such an unexpected jump in inflation, the statistical ex-post real interest rate may become
negative, so that a spurious negative relation with the operational deficit is possible if the debt is not
indexed. This seems to have biased downward, to some extent, the operational deficit for Mexico for
1982.



286 THE WORLD BANK ECONOMIC REVIEW, VOL. 2, NO. 3

Table S. Annual Macroeconomic Indicators, Brazil
Indicator 1982 1983 1984 1985

Growth rates
GDP' 0.9 -2.5 5.7 8.3
Consumption' 3.0 -3.0 2.8 7.1
Imports (constant prices) -6.0 -17.4 -2.9
GDP deflator 93 152 211 235
Nominal devaluations 93 221 220 235
Real industrial wages' 7.5 -8.6 -1.4 6.3

Operational deficit/GDP (percent) 8.3 4.8 2.7 4.3

Real effective exchange rated 100 123 123 128
Current account balance -16.3 -6.8 - -0.2

(billions of U.S. dollars)

- Negligible.
a. At constant prices.
b. Against dollar, annual averages.
c. In Sao Paulo.
d. Index.
Source: International Monetary Fund data.

started to deteriorate much earlier than in Mexico. After a plateau rate of
about 40 percent annual inflation in 1974-78, inflation accelerated to around
75-85 percent in 1979-80 and to 100 percent in 1981-82. The operational
budget deficit (defined as public sector borrowing requirements net of "mone-
tary correction") increased, reaching 8 percent of GDP in 1982 (table 5).

In order to deal with these difficulties, in 1983-84 Brazil undertook a stabi-
lization program supported by an extended agreement with the International
Monetary Fund. The reduction in the budget deficit was the key element in the
program, which was intended to halve the current account deficit and reduce
the inflation rate to 40 percent in 1984 and to 20 percent (annually) in 1985.

The results were quite similar to the Mexican experience. The program was
successful in reducing the operational fiscal deficit, which fell from 8.3 percent
of GDP in 1982 to 2.7 percent in 1984, a drastic change by any standard. The
current account deficit dropped dramatically, from 8.9 percent of GDP in 1982
to 3.7 percent in 1983, and turned into a small surplus in 1984. Annual
inflation doubled, rising from around 100 percent in 1981-82 to 200 percent
in 1984 and 1985.'

The foregoing examples demonstrate that a deep cut in or elimination of the
operational budget deficit is not a sufficient condition for stopping inflation.
One may speculate whether a persistent policy of this type could reduce infla-
tion gradually in the long run. The fact that inflation seems to have risen to a
new plateau does not support this supposition. Recall that there is no theoreti-
cal necessity for inflation to be influenced by a budget cut which is not accom-
panied by nominal policies. In any event, it is quite clear that the reaction of

8. Inflation fell temporarily in 1986 due to price controls implemented in the Cruzado plan.
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inflation to a sharp budget cut in these cases was entirely different from the
Bolivian case.

Government emphasis on the external imbalance seems to have led to policies
which caused inflation to respond inversely to the change in the budget deficit.
Because the main objective of these programs was to deal with the external
crisis, not only were the authorities willing to accept higher inflation, but the
acceleration in inflation served as a tool to reduce real wages and improve the
current account balance.9

Tables 4 and 5 show that both countries stepped up the rate of nominal
devaluation dramatically, which led to an outburst of inflation and significantly
eroded the real wage, especially in Mexico. This in turn improved the current
account by increasing competitiveness and reducing aggregate private consump-
tion. This is a typical case in which the acceleration in inflation was not related
to a fiscal objective. The increase in inflation, which had its origin in the faster
devaluation of the exchange rate, was an important element in the adjustment
process.

But should a one-time reduction in the real wage be associated with a long-
term increase in the level of inflation (and devaluation) rather than with a one-
time jump in prices? When nominal wages are fully adjusted according to past
inflation,' 0 whether through formal indexation (as in Brazil) or an informal
procedure (as in Mexico), a one-time change in the price level will have only a
temporary effect on real wages. An increase in the rate of inflation will reduce
wages permanently, however, through an acceleration in the deterioration of
the purchasing power of wages over the period.

This follows from the fact that with fixed intervals of wage adjustment an
increase in inflation will erode the real value of wages during the intervals (for
a more thorough discussion, see Lopez and Bacha 1983). If the frequency of
wage adjustment increases, as is often the case following a big nominal shock,
then a given reduction in the real wage will require an even larger increase in
inflation. In Mexico the frequency of wage adjustment increased from twice a
year in 1982-85 to three and later to four times a year. (See also Ablin 1985
for an application of this mechanism to the Israeli experience.)

What lessons can be drawn from these experiences for future stabilization
programs? The main lesson is that it is essential that stabilization programs
supplement fiscal measures with appropriate nominal anchors. This is not an
easy task, as the following discussion will make amply clear. It is made even
more difficult when balance of payments difficulties exist. Under a given scheme

9. This is an erosion of the real wage in terms of consumables, which is the relevant concept from
the point of view of affecting absorption-declines in the real wage in terms of tradables is the relevant
concept from the point of view of competitiveness. It is assumed that the contractionary fiscal policy
which leads to a reduction in the trade deficit requires, in equilibrium, a reduction in both types of real
wages, jointly with a real depreciation of the exchange rate.

10. In Mexico the wage compensation lagged behind actual inflation in 1982-83 but approached full
compensation later.
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of wage indexation, a reduction in inflation (implied by using nominal anchors)
will raise the real wage, which will not be consistent with eliminating the
external disequilibrium.

Given external imbalances, the stabilization program requires different wage-
setting rules, so that a reduction in the real wage can be achieved jointly with
controlling inflation. This is what Chile did in 1982 by deindexing wages and
eliminating the "wage floor" established by 1979 legislation. In other political
environments, however, such policies may not be feasible except within the
framework of an incomes-policy-supported stabilization program.

The Fiscal-Monetary Combination

We have just noted that fiscal policy by itself cannot provide the nominal
anchor which is needed for stabilization. We also know that the central bank
could eventually bring about price stability if it were to discontinue the accom-
modation of inflation through the quasi-fiscal channel. It is argued, however,
that such a step would cause excessive unemployment when there are strong
inertial forces in the inflationary process.

The Chilean Experiment. The Chilean stabilization of 1974-75 (after the
overthrow of the Allende regime) is among the few cases in which a government
applied fairly persistent monetary contraction in the face of accelerating infla-
tion. The monetary crunch was part of a comprehensive stabilization program
which included a drastic cut in the budget deficit-from 25 percent of GDP in
1973 to 10.5 percent in 1974 to 2.6 percent in 1975 (see table 6). It is because
these policies were followed in a persistent and decisive manner by a tough
military regime which embraced a free market philosophy that this program
stands out as a classical orthodox stabilization. The Chilean stabilization seems
therefore to provide one of those rare cases of a social experiment where we
can test the efficiency of the orthodox fiscal-monetary package in chronic-
inflation countries.

The results of this and related experiments in the Southern Cone are docu-
mented in many studies. Among the more recent are the contributions of Foxley
(1983), Corbo (1983), Ramos (1986), and Edwards and Edwards (1987), on
which we draw heavily. The results of the initial fiscal-monetary phase of the
Chilean experiment in which the exchange rate policy was basically to maintain
purchasing power parity, were disappointing from the traditional monetarist
point of view. During this phase (September 1973 to June 1976) the danger of
hyperinflation was averted, but inflation, which reached 500 percent in 1973,
had not fallen below 250 percent (annualized) by the end of this period.
Unemployment rose dramatically, from 4.6 percent in 1973 to 16.8 percent in
1975, and real GNP fell 14.4 percent in 1975 (see table 6).

These results should be very disturbing for traditional monetarists. The sharp
cut in the budget deficit cannot be denied. But some doubts were raised about
the severity of the monetary contraction, for the nominal money supply contin-
ued to rise at high rates (Harberger 1981). The relevant question, however, is



Table 6. Annual Macroeconomic Indicators, Chile
Indicator 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

Percentages
Per capita GNP growth rate 7.1 - 2.9 -7.1 -0.7 -14.4 1.8 8.0 6.4 6.5 6.0 3.9 - 15.7 -2.4
Unemployment rate 5.7 3.7 4.6 9.2 16.8 19.4 18.6 17.9 17.7 17.4 15.6 28.2 24.5
Inflation rate' 26.7 108.3 441.0 497.8 379.2 232.8 113.8 50.0 33.4 35.1 19.7 9.9 27.3
Nominal devaluation 455.0 649.5 490.3 165.8 64.9 47.0 17.7 4.7 0.0 30.5 54.9
M2/GNPb 17.0 17.5 12.9 6.4 7.1 7.6 10.5 12.5 14.6 16.2 19.6 31.9 27.3
Public sector surplus/GNP -10.7 -13.0 -24.7 -10.5 -2.6 -2.3 -1.8 -0.8 1.7 3.1 1.7 -2.3 -3.8

'IO Current account surplus/exports -17.8 -48.1 -19.7 12.9 -27.1 5.4 -21.8 -37.8 -26.1 -33.9 -88.4 -48.6 -26.6

Indexes
Real wage 119.3 108.2 80.0C 64.8 62.1 63.0 71.1 75.7 82.0 89.4 97.5 97.1 86.8
Real effective exchange rated 91.9 96.4 107.2 93.5 100.2 87.1 84.4 97.7 87.4 75.1 67.4 78.9 83.5
Terms of trade 80.6 75.5 84.7 88.3 55.4 59.3 54.1 48.6 54.7 51.6 44.6 39.8 40.7

a. Variations in the consumer price index.
b. M2 = currency plus demand, savings, and time deposits.
c. January-August.
d. Exchange rate variations deflated by the difference between external and internal wholesale price index.
Source: Based on Ramos (1986).



290 THE WORLD BANK ECONOMIC REVIEW, VOL. 2, NO. 3

whether monetary growth was contractionary relative to the force of inflation-
ary inertia.

Table 6 shows that the ratio of M2 to GNP fell in the 1974-76 period and
remained at the much lower levels while inflation fell gradually. Because a
decline in inflation leads to an increase in demand for money, this constitutes
indirect evidence of contractionary monetary policy.

Despite the monetary crunch and the reduction in the budget deficit, inflation
stabilized in 1974 at around 45 percent per quarter, which is an indication of
considerable price rigidity. The continued rigidity of inflation in 1975 is often
attributed to the sharp fall in copper prices at the end of 1974, which led to
large devaluations at the beginning of 1975.

It should be reemphasized that in conjunction with the devaluations, the
government undertook sharp reductions in the fiscal deficit, which in 1975
included a cut of 27 percent in real government expenditures (Foxley 1983,
p. 55). Because the devaluation was supported by a restrictive fiscal policy and
a tight monetary stance during 1975, (Foxley 1983, pp. 31-33) in principle
there was no reason for the devaluation to impede the decline in inflation. The
persistence of inflation during this time indicates that there were strong inertial
forces at work. The results of this case stand out in sharp contrast with the
Bolivian experiment, where in spite of the severe external shock during the
stabilization, control over inflation was reestablished very rapidly.

It is because of dissatisfaction with the slow pace of price adjustment under
the fiscal-monetary package that Southern Cone countries switched in the sec-
ond part of the 1970s to exchange-rate-based stabilization (Ramos 1986).

Exchange-Rate-Based Stabilization

An exchange-rate-based stabilization program is designed to reduce inflation
by using fiscal adjustment as the main real policy variable and the exchange
rate as the main nominal anchor. This does not mean necessarily that the
exchange rate is to be fixed. A low crawling peg or a gradually reduced rate of
devaluation in the "tablita" fashion will also provide a nominal anchor as long
as it is determined as an exogenous policy parameter.

Fiscal support for an exchange-rate-based stabilization is essential. This is
especially the case because money tends to become endogenous, depending on
the degree of capital mobility. The fixed exchange rate, however, can be
maintained for a while, reducing inflation even without fiscal support and
inducing capital inflows due to the increase in the demand for money. The
initial capital inflows and the increase in international reserves create a decep-
tive impression of success. When the exchange rate is fixed without the fiscal
support, however, as we mentioned in section I, there would later be a balance
of payments crisis.

The presence of inertial forces in wage and price setting as well as pessimistic
expectations (on the basis of past experience) constitute another source of
difficulties for exchange-rate-based stabilizations (see Kiguel and Liviatan 1988).
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We may classify failures of exchange-rate-based stabilizations as, first, those
caused primarily by inappropriate fiscal policies and, second, those caused
mainly by price rigidities and credibility problems (which are interrelated).

Lessons from Argentinaa's Stabilizations. Argentina's exchange-rate-based sta-
bilizations over the past thirty years represent failures due essentially to lack of
persistence in fiscal discipline. In this section we consider three major Argenti-
nian stabilization programs (described more fully in Kiguel and Liviatan 1988),
which include the Frondizi's stabilization of 1959-62, the Krieger-Vasena sta-
bilization of 1967-70, and the Martinez de Hoz tablita policy 1979-81.1'

Figure 2 shows that one common feature of all three stabilizations is the U-
shaped pattern of the budget deficit. There is always a drastic reduction in the
deficits at the beginning of the program, and the fiscal discipline remains in
effect for a limited period of time. At a later stage, however, the budget deficit
returns to (if not exceeds) the levels prevailing before the plan. The reduction
in the rate of devaluation is the dominating force in pulling down inflation.
This is seen clearly in figure 2C: the deficit started rising in 1978 while inflation
continued to be pulled down by the declining rate of devaluation. But this
policy is always abandoned with (or after) the rise in the fiscal deficit. It seems
hard to dispute the conclusion that in Argentina the basic cause of the failure
of stabilization programs is the inability to persist with the contraction of the
fiscal deficit. This is the main lesson from Argentina's history of stabilizing
inflation.

Another feature of the programs is that despite the cut in the budget deficit
the current account deteriorated almost continuously from the beginning of
each exchange rate stabilization, accompanied by a reduction in the real ex-
change rate and an increase in real wages. The current account fell to unsus-
tainable negative values (see lower panels of figure 2).

A possible explanation for the current account decline is the lack of credibil-
ity in the persistence of fiscal policies, which leads to expectations of future
resumption of devaluations. According to recent theoretical studies (as in Calvo
1987; and Obstfeld 1985), the increase in real balances during the stabilization
period will induce an increase in consumer spending if ordinary consumption
and consumption of liquidity services are complements. In addition, expected
future devaluations and quantitative restrictions on imports stimulate the ad-
vance of the purchase time of durable goods (Dornbusch 1985). Lack of credi-
bility can also be reflected in a sluggish reduction of domestic inflation relative
to current devaluations, leading to a reduction in the domestic real interest rate
(see Kiguel and Liviatan 1988).

These expansionary factors provide a possible explanation for the fact that
in all four programs the deterioration in the current account (at least in the
early stage) was associated with an upsurge in the level of economic activity
following the initiation of exchange-rate stabilization.

11. The Krieger-Vasena program had "heterodox" elements, but nonetheless exhibited a behavior
similar to the other, more orthodox, programs.
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Figure 2. Stabilization Programs in Argentina
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The Chilean Experiment. The Chilean experiment with exchange-rate-based
stabilization differs radically from that of Argentina with respect to the role of
fiscal policy. In Chile the use of the exchange rate as a stabilizing instrument
began in mid-1976 (according to Ramos 1986), first in the form of some
discrete revaluations then in a tablita announcing the future rate of devaluation,
and eventually, in mid-1979, in the form of a fixed exchange rate. This policy
was accompanied by a gradual reduction of tariffs.

As is seen in table 6 above, this policy had systematic fiscal support, with
the small original public sector deficit turning gradually into a surplus in 1979-
81. Thus the eventual failure to maintain exchange rate stabilization cannot be
explained by the standard fiscal argument, along the lines of the Krugman
model (1979).

Although the policy was eventually successful in bringing down inflation to
international levels (see figure 3), it is noteworthy that this took five years,
with the decisive period of pegging the exchange rate lasting three years. Under
the exchange-rate stabilization strategy in Chile, inflation exhibited the same
kind of stubbornness as in the fiscal-monetary phase.

The asynchronization between inflation and devaluation led to a real appre-
ciation of over 30 percent with respect to 1975 and 20 percent with respect to
1976. Comparing 1981 with 1983, after the policy was abandoned, we esti-
mate overvaluation at around 20 percent. During the adjustment period, the
external position deteriorated significantly, causing a reversal of the policy and
a severe crisis, which resulted in an astounding drop of 15.7 percent in real

Figure 3. Devaluation and Inflation in Chile
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GNP in 1982 (see Corbo 1985, Edwards and Edwards 1987, and Ramos 1986
for a complete account).

One of the explanations offered for the sluggish reaction of domestic prices
to exchange rate stabilization in Chile was the existence of backward-looking
wage indexation (Corbo 1985; Dornbusch 1985; and Edwards and Edwards
1987). This explains how the lagged convergence of domestic price inflation to
the rate of devaluation leads to an overvaluation of the level of the real ex-
change rate.

An alternative explanation ties the real appreciation to the economic boom
which was stimulated by the opening of the capital market in Chile (Corbo
1983; Edwards and Edwards 1987). Either theory can be used to explain a
transitory overvaluation of the currency. Neither of them, however, can explain
the inability of the system to generate a real devaluation at a later stage, which
would have been consistent with a restoration of external and internal balance.
Under a fixed exchange rate system a real devaluation requires a fall in domes-
tic prices, which is precluded by downward rigidity in these prices. Price rigid-
ities and the perception that eventually the situation must be corrected through
a nominal devaluation of the exchange rate provide a plausible explanation for
the persistence of the overvaluation of the domestic currency. We should point
out, however, that the effect of price rigidities on the convergence process in
principle can be offset by overshooting in the fiscal adjustment (see Kiguel and
Liviatan 1988).

III. CONCLUDING REMARKS

So far we have discussed causes of the failure of stabilization in chronic-
inflation countries. Is there any case of a success in this area from which we
may draw some positive conclusions for orthodox stabilization programs?

It seems that the only example which we can use from the past fifteen years
is Chile. In spite of the failures of individual programs and the severe errors
committed in their course (on this see Edwards and Edwards 1987, Ramos
1986, and Foxley 1983) it must be pointed out that Chile was consistent in its
fiscal and nominal policies. Fiscal discipline has been maintained up to this
date, with the deficit rising temporarily only in connection with the 1982
recession. Similarly, nominal anchors were upheld consistently. In 1982 formal
wage indexation was abolished, signaling a policy of nonaccommodation. Chile
was also much more restrained than Argentina in its monetary policies follow-
ing the financial crisis of the early 1980s.

It seems that as a result of the persistence of these policies Chile managed to
overcome the symptoms of a chronic-inflation country. This can be inferred
not merely from the current low level of inflation (less than 15 percent a year)
but mainly by the speed in which it stabilized inflation after the big devaluation
of 1982. The reaction to a balance of payments crisis has always been a most
effective test for the extent of a country's chronic inflation, for such crises often
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raise the inflation plateau. We have seen this happen in the cases of Brazil and
Mexico in the 1980s. The reaction of Chile to a similar crisis is quite different,
however, with inflation remaining low in spite of sharp devaluations.

The first lesson we may draw from the Chilean success is that curing a
chronic inflation by orthodox methods can be successful but the treatment may
take a decade or even more. During this period fiscal and nominal discipline
must be maintained persistently. It is the persistence rather than the specific
policies (types of exchange rate or wage policies) which is the key to the success.

The main drawbacks of this success are the low average growth rate and the
severe crises which shook the Chilean economy along the way. This raises the
question of whether the heterodox policies can offer a better alternative, which
is the subject of a separate study.
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Nutrients: Impacts and Determinants

Jere R. Behrman, Anil B. Deolalikar, and Barbara L. Wolfe

Understanding the determinants of nutrient intake and the influence of nutrition on
performance is critical in designing policies to alleviate hunger and malnutrition. A
series of studies undertaken by the authors, which are synthesized here, analyzes the
influence of prices, income, and women's schooling on the nutrient intake of those in
developing countries and the effect of nutrition on health, productivity, wages, and
fertility. These studies suggest that the impact of food price increases may be strong,
particularly among those with the lowest incomes, that the growth of income may be
less likely to improve nutrient intake than has been suggested by others, and that
women's schooling is important in improving nutrition. These studies also indicate
that nutrition exerts a positive influence on wages, productivity, and fertility. Our
limited knowledge of the role and determinants of nutrition is reflected in the finding
of unduly strong effects of seasonality on price-nutrition relations and the lack of a
direct association between nutrition and health.

The nutrition of poor populations is of substantial interest because of the
widespread and plausible presumption that better nutrition improves the wel-
fare of individuals in such populations. Nutrition also is of interest because of
the common conjecture that better nutrition improves productivity. A series of
our studies have analyzed the relations between nutrition and health, labor
productivity, and fertility and the relations between prices, income, women's
schooling, and nutrition intake. Here we synthesize the results of these studies
and address some of the puzzles and policy implications that have arisen.'

I. DATA

In our studies on which we report below, we use three data sets, which are
briefly summarized here.

1. The interested reader is refered to the full studies for details and further elaboration. We only are
summarizing our studies here, and are not surveying the literature more generally. For such a survey,
see Behrman and Deolalikar (1988a).
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Rural South Indian Data

The International Crops Research Institute for the Semi-Arid Tropics Village
Level Studies (ICRISAT VLS) data panel have been collected from 240 households
in six carefully selected "typical" villages in three different agroclimatic zones
in two states in the semiarid tropics (SAT) region of India over the 1975-84
period. Within each village ten households are randomly selected representa-
tives of agricultural labor and nonlandholding households and another thirty
are a random sample of cultivating households stratified by size of landholding.
For the 1976-77 and 1977-78 crop years special nutritional surveys were
undertaken, from which individual nutrient intakes during the previous twenty-
four hours and anthropometric health indicators were recorded by nutritionists
and medical doctors. For three of the ICRISAT villages (one each from each
agroclimatic zone), expenditure data also are available for these two crop years.
Total food expenditure data were obtained by valuing each self-produced and
consumed food at its average village price and adding this to market expendi-
tures on that food. We use the expenditure, nutrition, and health data for three
villages for these two crop years for the study in Behrman and Deolalikar
(1987b). For the other studies we use the nutrition and health data from all six
villages.

The special nutritional surveys provide information on nine of the most
crucial nutrient intake measures: calories, proteins, calcium, iron, carotene,
thiamine, riboflavin, niacin, and ascorbic acid. Nutrient values for the foods
studied were calculated by applying Indian nutrient/food conversion factors
from Gopalan, Sastry, and Balasubramarian (1971) to 120 foods for which
direct observations on individual consumption were made in the nutrient sur-
veys. These foods encompass the total food consumption for the rural Indians
under study. The number of foods is large in comparison with the six to eight
more aggregate food groups typically used at the estimation stage of indirect
expenditure-system-based estimates of nutrient elasticities.

Examination of these data (see Behrman 1988b, 1988c, and Behrman and
Deolalikar 1987d, 1988b) suggests that this sample generally is malnourished
in comparison with Indian standards, particularly for carotene and ascorbic
acid-in which cases less than half the Indian standards are met at the sample
means. Less than three-quarters of the Indian standards also are met at the
sample means for calcium and riboflavin. Only for proteins, iron, and thiamine
among these nine nutrients are the sample averages above Indian standards.
The coefficients of variations for these nutrient intakes are relatively large for
carotene and riboflavin, both with values greater than 0.90, indicating substan-
tial fluctuations in consumption across households. The variations across
households are relatively small (below 0.40), however, for calories, proteins,
niacin, and iron.

Anthropometric data on weight, arm circumference, triceps skinfold thick-
ness, and height were collected as indicators of an individual's health. These
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data subsequently were standardized for weight and height by age-specific
standards for higher-income groups in Hyderabad as determined by the Na-
tional Institute of Nutrition (and which are at about the fiftieth percentile of
the widely used Harvard standards) and for weight-for-height, arm circumfer-
ence and triceps skinfold thickness by international standards in Jelliffee
(1966).

Most of the ICRISAT data that we use also are measured separately for the
lean season (when food supplies are relatively limited) and for the surplus
season (when they are relatively abundant). For further details concerning the
ICRISAT VLS data, see Binswanger and Jodha (1978) and Ryan, Bidinger, Rao,
and Pushpama (1984).

Nicaraguan Data on the Social and Economic Status of Women

These data are from a cross-section, area-stratified random sample of about
4,000 women aged 15-45 that we collected in 1977-78. For a subsample of
about 500 women, we collected sibling data by interviewing the sister closest
in age. Nutrient indicators in this data set are household calories and proteins
consumed, each standardized for the demographic composition of the house-
hold. The mean calorie intake is 62 percent of international standards and that
for proteins is 136 percent. Health indicators include anthropometric measures
(that is, height, weight, and bicep circumference) for children under six, infant
and child mortality rates, and for women, self-reported disease experience and
days too ill to work in a recent period. For further details, see Behrman and
Wolfe (1984a, 1984b, 1984c, 1987a, 1987b, forthcoming) and Wolfe and
Behrman (1982, 1983, 1984, 1986, 1987, 1988).

International Data on Nutrient Intakes, Food Expenditures,
Income, and Prices

These data include thirty-seven food expenditure categories, prices, and in-
come for thirty-four countries in 1975 and for sixty countries in 1980 (which
gives sixty-seven countries in total, for some of which there are two observa-
tions, including forty-seven developing countries), all based on careful purchas-
ing-power-parity price comparisons in the International Price Comparison (iPc)
project by Kravis, Heston, and Summers (1982). For our use below Nwe link
these data to the per capita caloric consumption given in FAO (1981).

II. THE IMPACT OF NUTRIENTS

There is little point in studying the relation between changes in income and
prices and their effects on nutrient intake unless nutrient intake is desirable in
itself or is related to health, labor productivity, fertility, or other attributes of
interest. Thus in this section we summarize the results of studies that examine
the relation between nutrient intake and health, agricultural labor productivity,
wages, and fertility.
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Health

The conventional assumption is that increased nutrient intake improves
health. We have estimated health production functions with current nutrient
inputs for boys, girls, men, and women in rural South India and for children
and women in Nicaragua in Behrman and Deolalikar (1988b), Behrman and
Wolfe (1987a), and Wolfe and Behrman (1982, 1984, 1986, 1987, 1988).
These estimates generally do not indicate a significant impact of the current
nutrient intake on the health indicators. This surprising result may reflect one
or more of the following factors: (1) increased nutrient intakes partly go to
increase productivity rather than to improve indicators of health, but such
nutrient use is not well controlled in the health-production function estimates
(evidence consistent with this possibility is presented below); (2) within limits,
human metabolism adjusts in response to nutrient intakes, with little impact on
health indicators (as Sukhatme 1982 and Payne 1987 seem to argue); (3) there
is tremendous intrapersonal variation in nutrient intakes over time as empha-
sized by Sukhatme (1982) and Srinivasan (1981) so that the current nutrition
intakes are very poor proxies for the medium- or longer-run nutrient intakes of
relevance for the health indicators used; (4) the instruments used to control for
simultaneity are inadequate; and (5) the anthropometric and self-reported health
indicators used are poor proxies for the true health status.

While we think that the first possibility is part of the explanation, we do not
have a means of exploring the other possibilities. Panel data over longer periods
of time would permit better exploration of the second and third possibilities.
Most cross-sectional socioeconomic data sets are not likely to permit much
consideration of the third possibility unless they include appropriate clinical
measurements, which currently are very rare in integrated socioeconomic data
sets. The instruments that we use have but limited price variation for the Indian
data and only community characteristics (not market prices) for the Nicaraguan
data. The limited instruments may obscure the true effect. Pitt and Rosenzweig
(1985), for example, also only find a significant impact of nutrients on health
(as represented by the negative of illness) in their study of Indonesian farm
households when they use instrumented variables for nutrients. Their estimates
also do not support conventional assumptions. They indicate a negative signif-
icant effect of three nutrients (calories, calcium, and vitamin C) on illness
(which is consistent with the common presumption), but positive significant
effects or insignificant effects on illness for their other six nutrients (positive for
protein, fat, and carbohydrates; insignificant for phosphorous, iron, and vita-
min A).

But we find it surprising that the nutrient impact on health is not sufficiently
robust to be apparent even in (possibly biased) ordinary least squares (OLS)

estimates. Conceivably, households allocate nutrients sufficiently to favor those
inherently less well endowed so that ordinary least squares estimates are down-
ward biased to the point that they make true positive effects of nutrients on
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health appear to be insignificant. However, existing estimates of intrahouse-
hold allocations indicate, if anything, nutrient allocations that reinforce (partic-
ularly in the lean season) rather than compensate for unobserved individual
robustness (see Behrman 1988a, 1988b, 1988c). Finally, while our health
indicators are hardly perfect, the anthropometric measures are widely thought
to relate to important dimensions of health, and we explicitly have dealt with
some possible measurement errors by using a latent variable representation for
health in Behrman and Deolalikar (1988b), Behrman and Wolfe (1987a), and
Wolfe and Behrman (1984, 1988). Thus, we are left with a puzzle regarding
the lack of a statistically significant impact of nutrition on health.

Agricultural Labor Productivity

The basic problem in identifying the impact of nutrition on agricultural
productivity is controlling for the possible simultaneous impact of labor pro-
ductivity on nutrition through income. While a number of efforts have been
made to estimate the impact of nutrients on productivity (see Behrman and
Deolalikar 1987 forthcoming-a or Strauss 1986 for references), to our knowl-
edge, only the studies by Strauss (1986) and by Sahn and Alderman (forthcom-
ing) have used simultaneous estimates to avoid simultaneity biases.

We present simultaneous fixed-effects2 estimates of a Cobb-Douglas farm
production function for the rural South Indian sample with calories, weight-
for-height, farm labor, hired labor, bullock power, fertilizer, and cropped area
in Deolalikar (1988). We use weight-for-height because it presumably reflects
past nutrient intakes, which should be considered in measuring the impact of
nutrition on productivity. Because of large intraindividual (intertemporal) var-
iations in calorie requirements of the human body (for example, see Sukhatme
1982), current calorie intake may be a poor proxy for energy available for
work effort or activities other than basal metabolism. Therefore it may not be
surprising that the coefficient estimate of calories is not significant. The coeffi-
cient estimate of weight-for-height is significantly positive and substantial-
indicating an elasticity of farm output with respect to weight-for-height of
approximately 2.3 If weight-for-height is a good indicator of short-run nutri-
tional status, as is widely claimed in the nutrition literature, these estimates
indicate a strong impact of short-run nutritional status on labor productivity.
However such an interpretation must be qualified due to our failure to find a
significant association between current nutrition and anthropometric indicators
of health, as is discussed above.

2. This is the only study in this genre of which we are aware that controls for unobserved fixed
effects.

3. Within the range of the sample experience, there is not evidence of changing elasticities. But this
result should not be generalized too far out of the sample experience (for example, to conclude that
obsese pygmies would be particularly productive).
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Wages

The same simultaneity problem exists, of course, in determining the impact
of nutrients on wages. For the rural South Indian data, simultaneous estimates
with fixed effects estimates for annual data indicate an elasticity of wages with
respect to weight-for-height of 0.3 to 0.7 in Deolalikar (1988), though that
with respect to calories is not significant. The results suggest a large and
significant impact of nutritional status-although not of caloric intake-on
wages (again with the qualification above that weight-for-height represents
nutritional status). The wage results are thus similar to the production function
results. Finally there is no evidence of differential effects for men versus women
with the annual data.

In Behrman and Deolalikar (forthcoming-a) we further explore the nutri-
tional impact on wages in rural South India with simultaneous estimates for
the peak and slack labor demand seasons. We consider the two seasons sepa-
rately because of the considerable emphasis by a number of recent authors on
the importance of seasonality (for example, Chambers 1982; Chambers, Lon-
ghurst, and Pacey 1981; Sahn forthcoming; and Schofield 1974). The estimates
suggest that calories have a significant impact on wages with an elasticity of
0.3 in the peak season and that weight-for-height has a significant impact in
both seasons, but with a larger elasticity in the slack season (0.7) than in the
lean season (0.4). This pattern may be due to the difference in tasks between
the seasons. Tasks normally performed in the peak season, such as harvesting,
threshing, ploughing, and transplanting, may require greater sustained human
energy expenditure than slack-season tasks, but may not require innate strength
(which is associated with greater weight-for-height) to the same extent as in the
slack season. In fact, small size may be a distinct advantage in certain peak-
season tasks such as harvesting and transplanting. Finally, apparently due to
the gender division of seasonal tasks, the impact of nutrition is evident only for
males, but not for females. 4

Our results thus indicate significant support for the "wage efficiency hypoth-
esis" (see Bliss and Stern 1978; Leibenstein 1957; Mazumdar 1959; and Stiglitz
1976) for males within the rural semiarid tropics Indian context, with signifi-
cant differences between the peak and slack seasons. Among adult males,
consumption has an immediate impact on productivity through energy avail-
abilities in the peak labor season and a possible longer-run impact through
health status. This implies that policies that improve males' health and nutrition
improve productivity within this context. It also means that households ration-
ally might allocate somewhat more food relative to minimum requirements to
adult males than to others than would be the case were there no impact on
productivity. There is the further implication that male wages should be treated
as endogenous in analysis of the determinants of other outcomes such as in-

4. Sahn and Alderman (forthcoming) report a similar gender differential for the impact of nutrients
on wages in rural Sri Lanka.
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vestment in children or in physical assets. Given labor force division by gender
and the nutrition and health variation appearing in the sample, however, such
results do not carry over to women.

Fertility

Whether nutrition affects fertility is a subject of some controversary. Bon-
gaarts (1980) and Menken, Trussell, and Watkins (1981) review previous stud-
ies and conclude that there is not evidence of a biological link except for quite
malnourished populations. But there still may be behavioral links if better
nutrition is associated, for example, with more frequent intercourse.

We present indirect evidence in Behrman and Wolfe (1984b, 1987a) that is
consistent with such a possibility. In the 1984 study, fertility determinant
relations are shown to differ in the Nicaraguan sample for couples classified by
biological fecundity characteristics including nutrient intakes. In the 1987 study,
using a system of reduced-form equations, we find that a rise in income for the
Nicaraguan sample is associated simultaneously with significantly increased
nutrition, contraceptive use, and fertility. Both studies find that improved
nutrition is associated with increases in fertility at least for subgroups of the
population.

Thus we have found some evidence of nutrient impact on labor productivity
and perhaps on fertility, though not directly on health indicators. For these
reasons, in addition to the widespread interest in nutrient intakes themselves,
it is useful to ask what determines nutrient intakes.

1II. PRICE, INCOME, WOMEN'S SCHOOLING, AND NUTRIENT INTAKES

In the standard reduced-form demand equations for nutrients, the determi-
nants are prices, income, and predetermined household assets, the most empha-
sized of which is women's schooling. We consider each in turn.

Price Effects

The predominant view seems to be that increases in food prices probably
worsen the nutrient intakes of the poor. Before we turn to our estimates of
price effects, therefore, it is useful to ask what are the possible price effects of
food price changes on nutrition.

Clearly, given common economic assumptions about price response, an in-
crease in the price of a food will tend to drive consumption out of that good
and into its substitutes, which could decrease nutrient intake.' There are several
conditions, however, in which nutrient intakes would not necessarily decline.

5. Conceptually there is a possibility of a positive effect if the food in question is a Giffin good and
its food-to-nutrient conversion factor is sufficiently large so that the coefficient of the income term is
negative (see Behrman and Deolalikar 1988 forthcoming-b). Empirically this is sufficiently unlikely that
it safely can be ignored, and we do so here and below without further qualification.
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First, if the food subject to a price rise is nutritionally inferior to its substi-
tutes, then movement out of it and into other foods may improve nutrition.6

Second, if demand for a food is almost infinitely price elastic and foods are
nutritionally similar, consumers would be able to move between substitutes in
response to a price rise with almost no loss of real welfare, income, or nutri-
tion. Third, if consumers are compensated for the loss in real income (that is,
if only pure substitution occurs) and if goods are similar nutritionally, the price
rise will have no deleterious nutritional impact. Some structural adjustment
programs, for instance, include both removal of food price subsidies and some
wage increase to offset increased prices.

Fourth, if the household produces and consumes a food subject to a producer
and consumer price increase, a positive effect on the consumption of the food
and nutrient is induced through the production income effect. This effect will
be stronger: (i) the larger the impact of income on nutrient intake; (ii) the larger
the share of the product in income; (iii) the greater the supply response of that
product and the less the reduction in supplies of substitutes (which may depend
on given production and investment gestation periods); and (iv) the smaller the
share of production that is consumed by the household instead of being sold.7

Therefore it is possible that a farm household that produces some of the foods
that it consumes has a positive nutrient response to food price changes once
this income effect is incorporated.

Finally, an increase in the price of a farm product that the household does
not consume operates directly through income, with an expected positive im-
pact on nutrient demands. This assumes the normal positive income elasticity
of demand. Conversely, a price rise in a production input would have a direct
negative income and nutrient effect.

What happens in a particular case, of course, is an empirical question. In
Behrman and Deolalikar (1988b) we present estimates of the price elasticities
of annual nutrient intakes for boys, girls, men, and women in rural South
India. Four characteristics of these estimates merit emphasis. (1) The absolute
magnitudes of these elasticities are substantial, larger than unitary except for
the price of sorghum response for nutrients for girls. Rises in food prices may
thus generally be expected to result in substantial nutritional effects. (2) Of the
four basic foods studied, the nutrient intake responses to price changes for
millet, rice, and pulses are positive, however, reflecting relatively extensive
substitution with other items with high food-to-nutrient conversion factors.
Nutrient intakes tend to improve when the prices of these commodities rise.
(3) The direct nutrient intake responses to the price of sorghum, the basic
staple, is negative. Because many of these households are very large producers
of sorghum, however, when the effect on income is included, the total impact

6. Welfare, however, will worsen because nonnutrient characteristics of foods are important, a topic
to which we return below.

7. This is related to the debate about the price elasticity of the marketed surplus in the 1960s, see
Krishna (1962) and Behrman (1966), or Strauss (1984) for a more recent updating and further extensions.
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of a change of the sorghum price on nutrients for producers is positive. (4) For
girls' nutrient intake, we found smaller adjustments in response to changes in
the sorghum price and larger adjustments in response to other price changes.
Therefore nutrient intakes for girls are treated within the households as "neces-
sities" with respect to sorghum and as relative "luxuries" with respect to other
foods. That nutrient intake is adjusted less for girls when the price of basic
staples changes and more when prices of other foods change does not in itself
indicate that girls are favored or disfavored. Behrman (1988b) gives estimates
of parents' preferences that indicate that boys are favored over girls in the lean
season when food is scarce.

A further consideration of possible importance, as noted above, is seasonal-
ity. To the extent that changes in the availability of foods are reflected in their
prices, seasonality does not necessarily affect the parameters in nutrient re-
duced-form demand equations. But there are several reasons why the relations
between nutrition and price may vary across seasons, including changes in (1)
caloric or other nutrient use (during plowing and harvesting); (2) environmental
conditions; (3) the importance of caloric intake, for example, at low as com-
pared with higher nutrient intake, so that the health production function is not
homothetic; (4) metabolisms across seasons; and (5) production function par-
ameters due, for instance, to changes in spoilage and/or transport problems.
Moreover, if income is hard to store across seasons in kind or in financial
assets due to high interest or inflation rates, high storage losses, and/or imper-
fect credit markets, seasonal production income effects may cause the price
parameters in the nutrient demand equations to vary seasonally.

In Behrman and Deolalikar (forthcoming-b) we present estimates of seasonal
differentials in price elasticities (including income effects) for the rural South
Indian sample. In the lean season, the price elasticities are systematically about
1.5 times less than in the surplus season. If these estimates truly capture
seasonal effects, then these effects are quite substantial and our annual esti-
mates (Behrman and Deolalikar 1988b) are the average of lower (more nega-
tive) estimates for the lean season and more positive estimates for the surplus
season. The differences are large enough to surprise us, however, and to leave
us somewhat puzzled as to exactly what underlies the seasonal differences. We
understand that storage problems, for example, are not likely to be so impor-
tant for the basic foods in this semiarid tropical area as to account for such
strong seasonal patterns.

A final factor in the extent of price elasticity, related to the discussion in the
next section, is income level. Several empirical studies surveyed by Alderman
(1986) show a larger nutrient response to prices for lower income consumers.
This point is explained below with reference to figure 3.

Income Effects

The conventional wisdom seems to be that nutrient intakes improve substan-
tially with income increases. The World Bank's World Development Report
1981 (World Bank 1981, p. 59) articulates this view forcefully:
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There is now a wide measure of agreement on several broad propositions.
... Malnutrition is largely a reflection of poverty: people do not have income
for food. Given the slow income growth that is likely for the poorest people
in the foreseeable future, large numbers will remain malnourished for dec-
ades to come. . . . The most efficient long-term policies are those that raise
the income of the poor.

Such a view is consistent with numerous estimates that indicate food expendi-
ture elasticities with respect to income of the order of magnitude of 0.7 to 0.9
for poor people as in standard Engel curve analysis if food composition does
not change systematically with income in a way so that nutrients do not
increase almost proportionally to food expenditure.

Despite the possible importance of the last qualification, we were surprised
when we estimated direct nutrient elasticities with respect to income for Ma-
nagua with the Nicaraguan data and obtained significant, but very small ef-
fects-about 0.1 at the sample means (Wolfe and Behrman 1983). When we
extended the sample to the whole country and included many poorer house-
holds (Behrman and Wolfe 1984a), we tested the hypothesis that the nutrient
elasticities might be an inverse function of per capita income (as have others;
for example, see Pinstrup-Andersen and Caicedo 1978; Timmer and Alderman
1979; and Murty and Radhakrishna 1981) so that our small estimates for the
relatively high per capita income capital city might be consistent with much
higher elasticities for the poorer inhabitants elsewhere. We found a statistically
significant inverse association between nutrient elasticities with respect to in-
come and per capita income. Nevertheless, the estimated nutrient income elas-
ticities remained quite low. We therefore conjectured that when income increases
for fairly poor people and they increase their food expenditures almost propor-
tionally, at the margin they concentrate on food attributes other than nu-
trients-taste, appearance, odor, degree of processing, variety, status-that are
not necessarily highly positively correlated with nutritive value (also see Shah
1983). As a result, nutrient intake elasticities are quite low even if food expen-
diture elasticities are high.

The increasing attention to several studies that were published in the early
1980s-Murty and Radhakrishna (1981), Pitt (1983) and Strauss (1982)-led
us to further exploration of the question of the magnitude of nutrient income
elasticities. Rather than directly estimate nutrient demand relations, these stud-
ies first carefully estimate food expenditure systems for a relatively small num-
ber of food groups. They then estimate the nutrient elasticities by the weighted
average of the food expenditure elasticities, with standard food-to-nutrient
conversion factors as the weights. The results are food and nutrient expenditure
elasticities with respect to income of the order of magnitude of 0.7 to 0.9.

But evidence exists to show that as income rises, households buy more
expensive foods so that food expenditures increase, but the nutrient content of
these foods does not necessarily increase proportionately. Thus the food expen-
diture-to-nutrient conversion factor increases with income, and this occurs even
in the relatively poor South Asian developing economies (see, among others,
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Pitt 1983; Radhakrisha 1984; and Williamson-Gray 1982). In Behrman and
Deolalikar (1987d) we demonstrate formally how application of constant food-
to-nutrient conversion factors at a high level of aggregation overstates nutrient
elasticities with respect to income if the price paid per nutrient increases as
income increases. From the rural South Indian sample we estimate nutrient
elasticities with respect to income both (i) indirectly by estimating food expen-
diture income elasticities for six major food groups and applying constant food-
to-nutrient conversion factors at that level of aggregation and (ii) directly by
estimating nutrient reduced-form demand equations with the food-to-nutrient
conversion factors applied for 120 disaggregated food groups. 8 The indirect
approach yields nutrient elasticities with respect to income of 0.8 (a little higher
if there is control for fixed effects)-the same order of magnitude as those
estimated by Murty and Radhakrishna (1981), Pitt (1983), and Strauss (1982).
The direct approach gives estimates that for most nutrients are not significantly
nonzero and are 0.3 or smaller. In Behrman and Deolalikar (1987b) we present
similar estimates for calorie elasticities with respect to income from the inter-
national sample. For countries with annual per capita incomes of $1,000 1975
U.S. dollars or lower, the indirect estimates imply elasticities of almost 1.0, but
the direct estimates imply elasticities of 0.1 to 0.2. For the same countries the
elasticity of the price paid per calorie with respect to income is 1.3 to 2.6. Thus
the high level of aggregation of foods in the indirect approach seems to result
in a substantial overstatement of the true nutrient elasticities with respect to
income.

As suggested above, we conjecture that this occurs because other food attrib-
utes are important at the margin in food consumption decisions even for fairly
poor people and these attributes are not highly correlated with nutrients in
marginal food choices. With most social economic data sets such a conjecture
is difficult to test directly because most of the food attributes are not observed.
We can observe one such attribute in many such data sets, however: the variety
of foods consumed. In Behrman and Deolalikar (1988a, 1988c) we conjecture
that the demand for food variety increases with income. At low incomes calo-
ries are obtained primarily from low-cost sources, but at higher incomes mul-
tiple sources are used for a wide range of relative prices. This result may arise
from the dictates of survival or from the shape of the preference map above the
survival level. We consider the two possibilities in turn. 9

First, the existence of a nutrient subsistence constraint may result in a zero
nutrient elasticity with respect to income and a strong taste for variety at very
low incomes at and a little above minimum subsistence levels."' Figure 1 illus-

8. In both sets of estimates the possible simultaneity of income and total expenditure is controlled by
using simultaneous estimators with agricultural prices and predetermined assets as identifying
instruments.

9. For clarity we include only the dimension under discussion in each of the figures below, but any
two or all three might coexist in consumer preferences.

10. We thank T. N. Srinivasan, who suggested to us the possible relevance of a nutrient subsistence
constraint, though we (not he) are responsible for any errors in interpretation of this possibility.
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Figure 1. An Effective Nutrient Subsistent Constraint
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Note: NN' is nutrient constraint; dashed lines show preference curves if no nutrient contraints were
present.

trates this possibility. There is an effective nutrient constraint (NN' ) below
which one cannot survive, so at very low incomes preferences effectively col-
lapse along NN' under the assumption that survival is preferred lexicographi-
cally over food variety. For this reason we draw with dashed lines the segments
of the preference curves that would exist only if there were no subsistence
constraint. At the minimum subsistence level of income represented by the
budget constraint, BB', and given the price ratio represented by the slope of
BB', N units of food 1 and no units of 2 are consumed: no other available
combination would secure survival. If there were no subsistence constraint, the
combination of foods at C would have been selected. Thus some desire for
food variety is suppressed in order to subsist. As income increases and the
budget line moves out, initially all extra income is used to purchase food variety
by shifting at the margin from food 1 to food 2, so the food composition
choices move down along NN', which implies a zero elasticity of nutrient
intakes with respect to income. Expenditure of all marginal income on variety
(and not on nutrients) continues until income increases sufficiently so that the
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budget linetangency with the preference curve (given relative prices) is on the
subsistence constraint (at D). With further income increases, the subsistence
constraint no longer is binding, and consumption of both foods is expanded,
so the nutrient elasticity with respect to income becomes positive.

Second, at income levels above the nutrient subsistence constraint, prefer-
ences may favor variety over nutrition as income grows. This result may be
generated by a curvature of the Engel curve away from a low-cost source of
nutrition as income grows, or by decreased substitution among foods, in re-
sponse to price changes, at higher incomes. The former is shown by fig. 2, in
which, at the price for which the income-consumption curve, U1 is drawn, food
1 is assumed to be the low-cost source of nutrition; at high income levels
expenditure is more evenly allocated between the two foods than at low income
levels. The latter possibility is shown in fig. 3, in which at higher income levels
the price elasticity of substitution between the foods is less than at low income
levels, a pattern found in empirical studies surveyed by Alderman (1986).

In Behrman and Deolalikar (1988c) we test for the factors relevant above the

Figure 2. Preferences Exhibiting Greater Taste for Variety (Greater Centrality)
as Income Increases
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Figure 3. Preferences Exhibiting Greater Taste for Food Variety (Greater
Curvature) as Income Increases
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subsistence level of nutrients,1" using the international data set. We assume that
decisions about expenditures within food groups are made independently of
other expenditure choices (that is, that a separable preference function can be
defined over the food group intakes), that the elasticity of substitution between
the foods is constant on each preference curve but may change between prefer-
ence curves, and that per capita income determines the price elasticity of sub-
stitution between the two goods (the curvature of the preference functions) and
the increasing demand for variety with rising income (the centrality preference).
We find that as per capita income grows, preference curves change from about
the Cobb-Douglas form (that is, being relatively price responsive) for a per
capita income of $500 to significantly closer to the L-shaped case (being rela-

11. We do not test the nutrient subsistence constraint possibility because the specification of such
constraints would be very difficult given heterogeneity across individuals at the level which would
represent subsistence nutrient intake (see Behrman and Deolalikar 1988a). Our average country data,
nevertheless, may reflect in part the impact of nutrient subsistence constraints on the poorest members
of society, particularly in lower per capita income countries. That the taste for variety is estimated to
be significant for middle and higher per capita incomes, however, suggests that our estimates do not
reflect only nutrient subsistence constraints.
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tively unresponsive to price and showing strong preference for variety) for per
capita annual income of $2,800 (the sample mean). We also find significantly
increasing centrality of preferences as income increases from low to middle
income levels. These results are consistent with our hypothesis that an increas-
ing taste for variety related to both preference curvature and centrality as
income increases is an important factor underlying low nutrient elasticities with
respect to income.

What are the implications of our estimates of low income elasticities of
nutrient demand? First, the statement above from the World Development
Report 1981 and similar statements by others may overstate substantially the
impact of income increases on nutrient intakes of poor people. Second, possibly
the poor do not increase their nutrition much with income increases because
they do not understand the relation between nutrients and other food attrib-
utes. If so, and if undernourishment and malnourishment are of social concern,
it may be desirable for governments to improve dissemination of nutritional
information. Third, if to the contrary, marginal nutrient choices of these poor
people are reasonably well-informed choices, it would seem that these people
do not perceive themselves to be as poorly nourished as do many outside
observers or they would weigh nutrient content more heavily in their marginal
food choices. In this sense such results are consistent with the claim of Suk-
hatme (1982), Srinivasan (1981), Seckler (1980), Payne (1987), and others that
nutritional shortages in developing countries often are exaggerated and misun-
derstood by conventional estimation procedures.

Women's Schooling

I[n addition to prices and income, reduced-form demand equations for nu-
trients (or for other household consumption) should include all predetermined
household assets and endowments. The most commonly emphasized of these,
women's schooling, has been claimed to influence a range of nonmarket out-
comes, nutrition among them. At the same time there have been a number of
studies using special data or estimation techniques that suggest that in standard
estimates schooling is representing in substantial part unobserved attitudes and
abilities related to childhood family background (for example, Behrman and
Taubman 1976; Behrman, Hrubec, Taubman, and Wales 1980; Behrman and
Wolfe 1984c, 1987b; Horton 1988; Olneck 1977; Taubman 1977; Wolfe and
Behrman 1984, 1986).

Conventional multivariate estimates of the impact of women's schooling on
nutrient intakes show mixed results for different samples. We find no significant
positive effects for the rural South Indian sample in Behrman and Deolalikar
(1988b), but a significant impact (with an elasticity of 0.1 to 0.2) for the
Nicaraguan data in Wolfe and Behrman (1983) and Behrman and Wolfe
(1984a). The latter estimates, however, may be subject to the criticism noted
above, that possible omitted variables bias the results and cause an upward
estimate of the impact of mother's schooling. It is difficult to accurately observe
and measure the range of women's endowments such as ability, motivation,
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and knowledge. Therefore, if such endowments are not controlled, the impact
of women's schooling may be overstated since schooling partially is serving as
a proxy for the endowments.

The Nicaraguan adult sister subsample permits control for such endowments
insofar as they are related to childhood family background shared by the sisters.
By subtracting the nutrient demand relation for one sister from the same rela-
tion for the other sister, we obtain an expression for the difference in nutrient
intakes between their households as dependent on the differences in their re-
spective schooling, their household's incomes, their endowments, and other
factors. But to the extent that they have common endowments due to a shared
childhood family background, the difference in those endowments is zero.
Thus, this procedure effectively controls for unobserved characteristics that
originate in their shared childhood background.' 2

In a number of contexts, such a procedure results in much lower estimated
impact of schooling then do standard estimates. The striking result in this case,
however, is that mother's schooling remains at least as important a determinant
of household nutrition as in the standard estimates. For this sample at least,
the impact of mother's schooling on household nutrition apparently is substan-
tial and quite robust (Behrman and Wolfe 1987a, forthcoming; and Wolfe and
Behrman 1987, 1988).

IV. CONCLUSIONS

Several insights and some puzzles regarding the effect of nutrition in poor
populations and the determinants of nutrient intakes arise from our studies.
Since these findings are based primarily on special micro data sets (though
cross-country international data are used in some cases) there is a question of
how much they can be generalized to other populations. Since generalization is
an empirical question, they indicate the need for further exploration of several
issues using data for other societies.

We do not find a significant positive impact of nutrition on health status.
This enigma suggests a major gap in our understanding of the nutrition-health
nexus, perhaps because of lags in the process, inadequate control for nutrient
uses, variability in nutrient intakes and in metabolism for individuals over time,
or poor data. More research in this area may have a high payoff, and more
extended data (longitudinal and clinical, time use) than are available in most
socioeconomic data sets would be useful for such research.

12. Bishop (1976) and Griliches (1979) have argued that the differenced estimates are more subject
to measurement error due to the differencing involved, and thus are more biased toward zero. Their
point is valid if measurement errors across siblings are not very correlated, but the bias may be upward
in differenced estimates relative to standard estimates if the measurement errors are highly correlated
across siblings (Behrman 1984). Behrman and Birdsall (1983, 1985) suggest that using years of school-
ing alone to measure the effect of schooling in another Latin American sample may result in important
biases due to school quality differentials. But the measurement error due to the failure to incorporate
school quality is likely to be highly correlated among sibs since they often attended the same schools
and therefore had schooling of very similar or identical quality.
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Our positive results provide evidence of the positive effect of improved nutri-
tion on agricultural labor productivity and human fertility. The labor produc-
tivity effect supports the "wage efficiency hypothesis" with at least some
nutritional improvements resulting in greater productivity. The impact on fer-
tility means that in the development process there may be some initial fertility
increases despite increased contraceptive use, other things being equal, as sug-
gested by Easterlin and Crimmins (1985).

Four important points about the determinants of nutrient intakes are sug-
gested by our studies. First, due to food compositional changes at the margin,
income increases are likely to have less impact on nutritional intake demand
than claimed by the World Bank (1981) and others. This may be due to
imperfect information about the relation among nutrition and other food attrib-
utes; if so, public support for dissemination of such information may have a
high return in the form of better nutrition. Second, if marginal nutrient choices
are basically informed choices, then apparently poor people such as those in
the rural South Indian sample may not perceive themselves to be so undernour-
ished and malnourished as do many outsiders, thus supporting the revisionist
view of nutrition.

Third, the impact of increased prices on nutrition may be substantial, partic-
ularly for poor people, if price elasticities are higher at lower income levels as
we have estimated. It may be positive for some basic food prices, however,
because of high substitution toward more nutritive foods and positive due to
possible income effects from production for those who grow those foods. Such
a result brings into question the predominant assumption that low prices for
basic nutrients necessarily improve nutritional intakes for poorer members of
society. Carefully designed price policy, however, based on estimates of the
nutrient responses to prices of particular foods may be an effective way to
affect nutrition intakes if that is deemed an important policy goal. Such policy,
however, requires good information about the relevant price elasticities in order
to be effective. Moreover, raising food prices to increase agricultural produc-
tion may create substantial unintended declines in nutritional effects if policy
design is not sensitive to the nature of possibly large nutrient demand price
elasticities. The estimated magnitude of the seasonal differences in the nutrient
elasticities with respect to prices is also unexpectedly high, which raises ques-
tions about the possible need for special policies to improve the transfer of
resources across seasons or other special seasonal interventions. Fourth, the
impact of women's education on nutrition in some contexts appears to be
substantial and robust. Thus the argument that women's education may have
some strong nonmarket returns is supported in the case of nutrition. This result
buttresses advocacy for increased investment in women's education, other things
being equal. Given the long gestation period for this effect to be obtained from
formal education, the question arises whether direct nutrition education of
adult women might have a higher payoff.

Thus the set of studies that we have undertaken has shed some light on the
impacts of and the determinants of nutrition in developing countries while



316 THE WORLD BANK ECONOMIC REVIEW, VOL. 2, NO. 3

suggesting a number of areas for further research. At the same time they
indicate the complexity of the determinants of nutrition and of nutritional
impacts, so that seemingly straightforward policies unfortunately may not al-
ways have the intended effects.

REFERENCES

Alderman, Harold. 1986. The Effects of Income and Food Price Changes on the
Acquisition of Food by Low-Income Households. Washington, D.C.: International
Food Policy Research Institute.

Behrman, Jere R. 1966. "Price Elasticity of the Marketed Surplus of a Subsistence
Crop." Journal of Farm Economics 48, no. 4, part I (November): 875-93.

. 1984. "Sibling Deviation Estimates, Measurement Error and Biases in Esti-
mated Returns to Schooling." Philadelphia: University of Pennsylvania. Processed.

- 1988a. "Intrahousehold Allocation of Nutrients and Gender Effects," in Siddig
R. Osmani, ed., Nutrition and Poverty, Oxford: Oxford University Press.

. 1988b. "Intrahousehold Allocation of Nutrients in Rural India: Are Boys
Favored? Do Parents Exhibit Inequality Aversion?" Oxford Economic Papers.

. 1988c. "Nutrition, Health, Birth Order and Seasonality: Intrahousehold Allo-
cation in Rural India," Journal of Development Economics 28, no. 7 (February):
43-63.

Behrman, Jere R., and Nancy Birdsall. 1983. "The Quality of Schooling: Quantity
Alone Is Misleading." American Economic Review 73, no. 5 (December): 928-46.

- "The Quality of Schooling: Reply." American Economic Review 75, no. 5
(December): 1202-05.

Behrman, Jere R., and Anil B. Deolalikar. 1987a. "Do the Poor Really Elect to Con-
sume So Few Nutrients at the Margin? Evidence from Cross-Country Estimates."
Philadelphia: University of Pennsylvania. Processed.

. 1987b. "Will Developing Country Nutrition Improve with Income? A Case
Study for Rural South India," Journal of Political Economy 95, no. 3 (June): 492-
507.

. 1988a. "Health and Nutrition." In Hollis B. Chenery and T. N. Srinivasan,
eds., Handbook of Development Economics. Vol. 1, pp. 631-711. Amsterdam:
North-Holland.

. 1988b. "How Do Food Prices and Income Affect Individual Nutritional and
Health Status? A Latent Variable Fixed Effects Analysis." Philadelphia: University of
Pennsylvania. Processed.

. 1988c. "Is Variety the Spice of Life? Implications for Nutrient Responses to
Income." Philadelphia: University of Pennsylvania. Processed.

Behrman, Jere R., and Anil B. Deolalikar. Forthcoming-a. "Agricultural Wages in
India: The Role of Health, Nutrition, and Seasonality." In David E. Sahn, ed. Causes
and Implications of Seasonal Variability in Household Food Security. Washington,
D.C.: International Food Policy Research Institute.

- Forthcoming-b. "Seasonal Demands for Nutrient Intakes and Health Status in
Rural South India." In David E. Sahn, ed., Causes and Implications of Seasonal



Behrman, Deolalikar, and Wolfe 317

Variability in Household Food Security. Baltimore, Md.: Johns Hopkins University
Press.

Behrman, Jere R., Z. Hrubec, P. Taubman, and T. J. Wales. 1980. Socioeconomic
Success: A Study of the Effects of Genetic Endowments, Family Environment, and
Schooling. Amsterdam: North-Holland.

Behrman, Jere R., and Paul Taubman. 1976. "Intergenerational Transmission of Income
and Wealth." American Economic Review 66, no. 3 (May): 436-40.

Behrman, Jere R., and Barbara L. Wolfe. 1984a. "More Evidence on Nutrition De-
mand: Still Income Seems Overrated and Women's Schooling Underemphasized."
Journal of Development Economics 14, no. 1 and no. 2 (January-February): 105-28.

. 1984b. "A More General Approach to Fertility Determination in a Develop-
ing Country: The Important of Biological Supply Considerations, Endogenous Tastes
and Unperceived Jointness," Economica 51:203 (August): 319-40.

. 1984c. "The Socioeconomic Impact of Schooling in a Developing Country,"
Review of Economics and Statistics 66, no. 2 (May): 296-303.

. 1987a. "How Does Mother's Schooling Affect Family Health, Nutrition, Med-
ical Care Usage, and Household Sanitation?" Journal of Econometrics 36: 185-204.

- -. 1987b. "Investments in Schooling in Two Generations in Pre-Revolutionary
Nicaragua: The Roles of Family Background and School Supply," Journal of Devel-
opment Economics 27:1-2 (October): 395-420.

. Forthcoming. "Does More Schooling Make Women Better Nourished and
Healthier? Adult Sibling Random and Fixed Effects Estimates for Nicaragua." Jour-
nal of Human Resources.

Binswanger, H. P., and N. S. Jodha. 1978. Manual of Instruction for Economic
Investigators in ICRISAT's Village Level Studies. Vol. II, Village Level Studies Series,
Economics Program, ICRISAT, Patancheru, Andhra Pradesh, India.

Bishop, John. 1976. "Reporting Errors and the True Return to Schooling." Madison:
University of Wisconsin. Processed.

Bliss, C., and N. Stern. 1978. "Productivity, Wages, and Nutrition; Parts I and II: The
Theory." Journal of Development Economics 5, no. 4: 331-98.

Bongaarts, John. 1980. "Does Malnutrition Affect Fecundity? A Summary of the Evi-
dence." Science 208: 564-69.

Chambers, Robert. 1982. "Health, Agriculture, and Rural Poverty: Why Seasons Mat-
ter." Journal of Development Studies 18, no. 2 (January): 217-38.

Chambers, Robert, Richard Longhurst, and Arnold Pacey, eds. 1981. Seasonal Dimen-
sions to Rural Poverty. London: Frances Pinter.

Deolalikar, Anil B. 1988. "Nutrition and Labor Productivity in Agriculture Estimates
for Rural South India." Review of Economics and Statistics 70, no. 4 (November).

Easterlin, Richard A., and Eileen Crimmins. 1985. The Fertility Revolution: A Supply-
Demand Analysis. Chicago: University of Chicago Press.

FAO (Food and Agriculture Organization). 1981. FAO Production Yearbook. FAO Statis-
tics Series 40. Vol. 35. Rome.

Gopalan, C., B. V. R. Sastry, and S. C. Balasubramanian. 1971. Nutritive Value of
Indian Foods. Hyderabad, India: National Institute of Nutrition.

Griliches, Zvi. 1979. "Sibling Models and Data in Economics: Beginnings of a Survey."
Journal of Political Economy 87, no. 5: S37-S64.



318 THE WORLD BANK ECONOMIC REVIEW, VOL. 2, NO. 3

Horton, Susan. 1988. "Birth Order and Child Nutrient Status: Evidence on the Intra-
household Allocation of Resources in the Philippines." Economic Development and
Cultural Change 36, no. 2 (January): 341-54.

Jelliffee, D. B. 1966. "The Assessment of the Nutritional Status of the Community."
World Health Organization Monograph Series 53. Geneva.

Kravis, Irving, Alan Heston, and Robert Summers. 1982. World Product and Income:
International Comparisons of Real Gross Product. Baltimore: Johns Hopkins Univer-
sity Press.

Krishna, Raj. 1962. "A Note on the Elasticity of the Marketable Surplus of a Subsis-
tence Crop." Indian Journal of Agricultural Economics 17 (July-September): 79-
84.

Leibenstein, Harvey A. 1957. Economic Backwardness and Economic Growth. New
York: Wiley.

Mazumdar, Dipak. 1959. "The Marginal Productivity Theory of Wages and Disguised
Unemployment." Review of Economic Studies 26: 190-97.

Menken, Jane, James Trussell, and Susan Watkins. 1981. "The Nutrition Fertility Link:
An Evaluation of the Evidence." Journal of Interdisciplinary History 11, no. 3 (Win-
ter): 425-41.

Murty, K. N., and R. Radhakrishna. 1981. "Agricultural Prices, Income Distribution,
and Demand Patterns in a Low-Income Country." In Robert E. Kalman and J.
Martinez, eds., Computer Applications in Food Production and Agricultural Engi-
neering. Amsterdam: North-Holland.

Olneck, Michael R. 1977. "On the Use of Sibling Data to Estimate the Effects of
Family Background, Cognitive Skills, and Schooling: Results from the Kalamazoo
Brothers Study." In Taubman (1977, 125-62).

Payne, Philip. 1987. "Public Health and Functional Consequences of Seasonal Hunger
and Malnutrition." In David E. Sahn, ed., Causes and Implications of Seasonal
Variability in Household Food Security. Washington, D.C.: International Food Policy
Research Institute.

Pinstrup-Andersen, P., and E. Caicedo. 1978. "The Potential Impact of Changes in
Income Distribution on Food Demand and Human Nutrition." American Journal of
Agricultural Economics 60 (August): 402-15.

Pitt, Mark M. 1983. "Food Preferences and Nutrition in Rural Bangladesh." Review of
Economics and Statistics 65, no. 1 (February): 105-14.

Pitt, Mark M., and Mark R. Rosenzweig. 1985. "Health and Nutrient Consumption
across and within Farm Households." Review of Economics and Statistics 67, no. 2
(May): 212-23.

Radhakrishna, R. 1984. "Distributional Aspects of Caloric Consumption: Implications
for Food Policy." In K. T. Achaya, ed., Interfaces between Agriculture, Nutrition,
and Food Science. Tokyo, Japan: United Nations University.

Ryan, J. G., P. D. Bidinger, N. P. Rao, and P. Pushpamma. 1984. Determinants of
Individual Diets and Nutritional Status in Six Villages of South India. Hyderabad,
India: ICRISAT.

Sahn, David E., ed. Forthcoming. Causes and Implications of Seasonal Variability in
Household Food Security. Baltimore, Md.: Johns Hopkins University Press.

Sahn, David E., and Harold Alderman. Forthcoming. "The Effect of Human Capital



Behrman, Deolalikar, and Wolfe 319

on Wages, and the Determinants of Labor Supply in a Developing Country." Journal
of Development Economics.

Schofield, S. 1974. "Seasonal Factors Affecting Nutrition in Different Age Groups and
Especially Preschool Children." Journal of Development Studies 11, no. 1: 22-40.

Seckler, D.2 1980. "Malnutrition: An Intellectual Odyssey." Western Journal of Agricul-
tural Economics (December): 219-27.

Shah, C. H. 1983. "Food Preference, Poverty, and the Nutrition Gap." Economic
Development and Cultural Change 32, no. 1 (October): 121-48.

Stiglitz, Joseph. 1976. "The Efficiency Wage Hypothesis, Surplus Labour, and the
Distribution of Income in LDC's." Oxford Economic Papers, New Series 28: 185-
207.

Srinivasan, T. N. 1981. "Malnutrition: Some Measurement and Policy Issues." Journal
of Development Economics 8, no. 1: 3-19.

Strauss, John. 1982. "Determinants of Food Consumption in Rural Sierra Leone: Ap-
plication of the Quadratic Expenditure System to the Consumption-Leisure Compo-
nent of a Household-Firm Model." Journal of Development Economics 11, no. 3
(December): 327-54.

. 1984. "Marketed Surpluses of Agricultural Households in Sierra Leone." Amer-
ican Journal of Agricultural Economics 66, no. 3 (August): 321-3 1.

. 1986. "Does Better Nutrition Raise Farm Productivity?" Journal of Political
Economy 94, no. 2 (April): 297-320.

Sukhatme, P. V., ed. 1982. Newer Concepts in Nutrition and Their Implications for
Policy. Pune, India: Maharashtra Association for the Cultivation of Science Research
Institute.

Taubman, Paul, ed., 1977. Kinometrics: Determinants of Socioeconomic Success within
and between Families. Amsterdam: North-Holland.

Timmer, C. P., and H. Alderman. 1979. "Estimating Consumption Parameters for
Food Policy Analysis." American Journal of Agricultural Economics 61 (December):
982-87.

Williamson-Gray, Cheryl. 1982. "Food Consumption Parameters for Brazil and Their
Application to Food Policy." Washington, D.C.: International Food Policy Research
Institute.

Wolfe, Barbara L., and Jere R. Behrman. 1982. "Determinants of Child Mortality,
Health and Nutrition in a Developing Country." Journal of Development Economics
11, no. 2 (October): 163-94.

. 1983. "Is Income Overrated in Determining Adequate Nutrition?" Economic
Development and Cultural Change 31, no. 3 (April): 525-50.

. 1984. "Determinants of Women's Health Status and Health-Care Utilization in
a Developing Country: A Latent Variable Approach." Review of Economics and
Statistics 56, no. 4 (November): 696-703.

. 1986. "Child Quantity and Quality in a Developing Country: The Importance
of Family Background, Endogenous Tastes, and Biological Supply Factors." Eco-
nomic Development and Cultural Change 34, no. 4 (July): 703-20.

. 1987. "Women's Schooling and Children's Health: Are the Effects Robust with
Adult Sibling Control for the Women's Childhood Background?" Journal of Health
Economics 6, no. 3: 239-54.



320 THE WORLD BANK ECONOMIC REVIEW, VOL. 2, NO. 3

. 1988. "Fertility, Infant and Child Mortality, Contraception, Nutrition, and
Breastfeeding: Latent Variable System Estimation of the Impact of Income, Women's
Schooling, and Tastes." Philadelphia: University of Pennsylvania. Processed.

World Bank. 1981. World Development Report 1981. New York: Oxford University
Press.



THE WORLD BANK ECONOMIC REVIEW, VOL. 2, NO. 3: 321 -340

A Structural Model for Developing Countries'
Manufactured Exports

Cristian Moran

A dynamic structural econometric model is developed to analyze movements in
manufactured exports and to capture lags in the adjustment to equilibrium. The model
is estimated with pooled cro'ss-section time-series data for a representative sample of
fifteen developing countries grouped according to their export market power. The
results suggest that prices, domestic productive capacity, and external economic activity
are critical determinants of manufactured exports from developing countries. The
structural parameter estimates are used to infer the effects of changes in destination
country income, distinguishing between the short-run and long-run export volume and
export revenue effects. The results indicate that domestic economic policies that
promote investment and capacity in export-oriented activities are likely to play a key
role in increasing foreign exchange earnings in developing countries, even if growth in
external demand is slow.

The expansion of exports, particularly manufactured exports, has been a major
concern for economists and policymakers alike. Through trade, countries can
gain access to the critical inputs they need to develop, fostering specialization
and increasing factor productivity. Manufactured exports are believed to play
a prominent role in this process because of early country experiences linking
industrialization and development, and because of the lessons and indirect
benefits of industrial expansion-including industrial management, technology
acquisition, marketing, and product design and development. Later experience
has shown that there may have been an overemphasis on industrialization,
however, as several countries achieved high growth of per capita income for
long periods on the basis of producing and exporting food, raw materials, or
services.

But manufactured exports have continued to gain importance in world trade,
propelled by the higher income elasticity of demand for manufactures than for
primary products, and by the changes in the economic structure associated with
increases in per capita income. In the period 1965-85, manufactured exports
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from all World Bank member countries grew at 7.4 percent a year in volume
terms, compared with 5.6 percent for merchandise trade. Manufactured ex-
ports from developing countries grew at much faster rates-averaging 12.2
percent a year-as these countries increased their market shares in manufac-
tures trade from 7.3 percent in 1965 to 17.4 percent in 1985 (World Bank
1987). In 1986, for the first time, developing countries earned more foreign
exchange from manufactured exports than from exports of agricultural or
mining products, including fuels (GATT 1987).'

Despite this importance, simple models explaining export behavior in devel-
oping countries are far from abundant, though the literature is growing rapid-
ly. Recent empirical studies discussing aggregate and manufactured export be-
havior in developing countries include those of Bond (1985), Marquez and
McNeilly (1986), and Balassa and others (1986). This article expands this
literature by using a simple model to assess the likely impact of a change in
external economic activity on export revenues for developing economies-a key
concern for the highly indebted countries and a topic which has been the subject
of recent debate in the international trade literature.

The plan of the article is as follows. Section I presents the structural model
and discusses the export supply and demand equations and the dynamic speci-
fication adopted. Section II presents the empirical estimates for two groups of
developing countries-distinguished by the magnitude of the price elasticity of
demand-using pooled cross-section time-series data. The short-run and long-
run estimates of the foreign income multiplier are discussed in section III, and
section IV summarizes the main conclusions.

1. THE MODEL

This section develops a simple stuctural export model, identifying separately
the manufactures export supply and demand equations which characterize the
long-run equilibrium. It then presents a dynamic adjustment mechanism which
captures short-run deviations from this equilibrium path. Finally, it discusses
the reduced form associated with the complete structural model.

A Structural Model of Export Behavior

Export Supply. The supply specification assumes that producers base their
production decisions on two main factors: domestic capacity and the relative
profitability of producing manufactured exports vis-a-vis producing other goods
(including other exports, import substitutes, and home goods).

The empirical measurement of domestic capacity presents great difficulties
because sectoral capital stock data are usually not available. Three measures
have been predominantly used in the literature as proxies for domestic capacity.

1. GATT (1987, pp. 143-4) and World Bank (1987, pp. 197-99) differ in their definition of
developing countries.
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The first, which I adopt, assumes that time or any other trend factor (such as
trend gross domestic product, y*) can be taken as an indicator of aggregate
capacity (Goldstein and Khan 1978, Bond 1985). This measure implicitly as-
sumes that domestic resources are mobile across sectors.2 The second measure
assumes that a sectoral production index can be used as a proxy for domestic
capacity (Donges and Riedel 1977, Balassa and others 1986). This measure has
been criticized on the grounds that the production and export of industrial
goods are jointly determined and are both affected by demand factors. Thus
industrial production cannot be assumed to be exogenous in the structural
estimation of an export model (Faini 1985). A capacity utilization index is a
third measure, normally defined as deviations from trend output, y - y'. This
approach is equivalent to adding aggregate output (y) as an additional explan-
atory variable, with a further assumption about the coefficients of these two
variables. The inclusion of y was tested in a preliminary version of the present
model, but it proved statistically insignificant in all equations and was thus
eliminated from further consideration. Note that the omission of aggregate
demand can be justified if the country does not consume the good it exports,
or if production is characterized by constant returns to scale.

Relative profitability is usually measured by the ratio of export prices for
manufactures to an aggregate price index for the whole economy, such as the
gross domestic product (GDP) deflator. In the present analysis, however, two
separate measures of price effects are used. These are (1) the real exchange
rate, which indicates the relative profitability of producing tradables versus
nontradables (a determinant of the size of tradables in total production), and
(2) the ratio of manufactured exports prices to other tradable goods prices,
which indicates the profitability of exporting manufactures relative to other
traded goods (thus influencing the share of manufactures in total exports). This
specification is slightly more general than the approach commonly adopted
(because it does not restrict the price elasticities to take particular values) and
has proven useful in the estimation of import functions. It has not been tested,
however, in the context of export equations.

A linear version of the export supply equation can be written in the form:

(1) x= a, + a1 (PX/PT), + a2 (PH/PT), + a 3 y t

ta > 0° al - 0 g3 2 0

with xs = the quantity of manufactured exports supplied; PX, = the price of
manufactured exports (a unit value index); PTt = the price of domestic trada-
bles; PHI = the price of nontradables (home goods); y* = an index of domestic
capacity (trend output); and t = time.

All variables are expressed in logarithms and pertain to one country. Note

2. For an alternative indicator that assumes that resources are sector-specific in the short run, see
Aspe and Giavazzi (1982).
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that (PX/PT) = PX - PT because the price ratio is one variable. (A. formal
description of the variables and data sources is included in appendix C.)

The export price indexes were obtained from the United Nations and are
probably the best data available using a comparable methodology for a large
number of countries. They contain two major shortcomings, however, which
are important to note. First, the price indexes were constructed on the basis of
export unit values at the four-digit Standard International Trade Classification
(SITC) level, using the Paasche formula. Even at this level of disaggregation, the
unit values used will sometimes reflect variations in product quality and com-
position rather than variations in prices. From an empirical standpoint this is
unfortunately unavoidable, but it should be borne in mind when interpreting
the price and quantity figures (Moran and Park 1986). Second, the price in-
dexes well reflect "border prices," but exclude the effective taxes and subsidies
received (or paid) by local producers and consumers. This exclusion of domes-
tic taxes and subsidies (due to lack of relevant data) probably would limit the
price responsiveness of the export estimates obtained here.

Three further caveats about the export supply equation 1 should be noted.
First, the equation omits variable costs (that is, wages and intermediate inputs).
Although part of these costs (such as wages) are captured in the price of home
goods, a more detailed study of all variable costs will be needed in the future
to test explicitly for their importance in the export supply equation. Second,
the proxy variable used for domestic, capacity (trend GDP) is also correlated
with other structural effects which tend to evolve slowly-such as "learning by
doing," entrepeneurial talent, and the quality of infrastructure (particularly in
transportation and communications). Although I was not able to disentangle
explicitly these effects in the present study-for no reliable data for them are
yet available-I will interpret the significance of the domestic capacity variable
as implying that these structural effects are important in the explanation of
exports. A more detailed study at the country level will be needed to confirm
the validity of this interpretation (see Keesing 1979 for a discussion of these
effects). Third, the model developed here can only be understood in partial
equilibrium terms in order to justify the exogeneity of the real exchange rate in
the export supply equation.

Export Demand. The export demand specification assumes that external
buyers make their decisions on the basis of relative prices and the growth of
external demand (captured by a real scale variable).

Relative prices are measured by the ratio of a country's manufactured exports
prices to the price of manufactured exports in world markets, PX/PX-. The
real scale variable, y-, captures the growth of external demand for each coun-
try, reflected in a simple weighted average of real economic activity (GDP) for
the country's main export markets. It assumes, implicitly, that the exporting
country moves into other markets only with a lag, and hence the geographic
distribution of its exports needs to be considered in the definition of external
demand.
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A linear version of the demand equation can be written in the form:

(2) x= + ±1 (PX/PX )t + I 2 Yt

with f1 ' 0, f 2 2 0 and xd = the quantity of manufactured exports de-
manded; PX,- = the world price (based on a unit value index) of manufactured
exports; y,v = an index of external demand for the country's exports; and t =

time. Again, all variables are expressed in logarithms.
Two assumptions need to be noted in the specification of equations 1 and 2.

First, I have written both equations in log linear form, and thus assume con-
stant elasticities. This assumption has been justified in the context of import
behavior (Thursby and Thursby 1984) but has not been tested in export mod-
els. I adopt it here mostly because it simplifies the interpretation of the esti-
mated coefficients. Second, both equations are written in terms of relative
prices, and hence assume that there is no "money illusion" on the part of
producers and consumers of manufactured exports. This homogeneity assump-
tion follows naturally from the assumption that economic agents are rational
and optimize utility.3

Dynamic Adjustment. Equations 1 and 2, which can be characterized as
long-run equilibrium relations, represent the basic structural export model used
in the present study. To allow for the presence of short-run disequilibra, how-
ever, I assume that export prices and quantities react with a lag to changes in
the exogenous variables. Export quantities are assumed to respond positively
to the suppliers' desire to increase exports, whereas export prices are assumed
to respond positively to excess demand.

(3) A x, = -y (x - x,_), 0 c y c 1

(4) A PX, = (x( -x ), X O- O

where A is the first difference operator. (See Browne 1982 for a comparison of
this adjustment mechanism with other approaches suggested in the literature.)

Equation 3 arises from constraints on domestic production, such as fixed
factors of production in the short run, which may prevent domestic suppliers
from moving along the long-run supply curve when the price changes, This
equation emphasizes the importance of domestic factors in the determination
of export quantities (see Draper 1985, Winters 1985). Equation 4 accounts for
the slow adjustment of prices to excess demand, caused by contracts or delivery
lags, for example, which may prevent an instantaneous adjustment of prices to
excess demand even if there are no constraints on domestic production.

Differences in the speed of adjustment between suppliers and consumers may
have important consequences in the dynamic structure of the model, however.
Two cases are distinguished here, and will be explicitly tested. The first case,

3. Note that individual prices are introduced in the export supply specification for the Republic of
Korea in Balassa and others (1986), but there is no attempt to test explicitly the price homogeneity
hypothesis.
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labeled model A, assumes that both sources of disequilibrium are important in
adjustment toward long-run equilibrium. Noting that (PX/PXw)t =
PX - PXt, Ax, = X -xt 1 , and A PX, = PXt - PX__, this model can be
derived by substituting equation 1 into equation 3 and equation 2 into equation
4 to obtain

(5) xt = ao + a, (PX/PT), + a2 (PH/PT), + a3 y* + a4 x, 1 + u,

(6) PX, = bo + b, PX- + b2 Y_ + b3 x + b4 PXt, + u2 1

where ao = ya4; a, = y ao 2 0; a2 = ry a 2 < 0; a3 -y a 3 2 0; 0 5 a4 = 1
- y < 1; A = 1 - X01; bo X=O,/A; 0 < b,= -X ,/A c 1; b2 = X ,82/A

0; b3 = -X/A O.0; O < b4 = 1/A < 1; Ult i= Y yVl U 2f = XV2t; and vlt V2,
are the error terms of equations 1 and 2, respectively. I assume that these error
terms have 0 means, constant variances, and may be contemporaneously cor-
related but are otherwise independent across time.'

The second case, labeled model B, assumes that the adjustment on the
demand side is fairly rapid and completed within one year (the period of
analysis in this study) but that the adjustment of domestic producers is only
partially completed within a year. This hypothesis seems attractive, as buyers
can change their purchases from a particular country to other potential sup-
pliers with relative ease. Suppliers, however, are likely to respond only slowly
to changes in the exogenous variables, particularly if this response involves a
large transfer of resources in or out of the manufacturing sector. Under this
condition, the export supply equation (5) will continue to be valid, but the
equilibrium export demand curve (equation 2) will replace the lagged adjust-
ment equation (6). Equations 5 and 2 thus constitute the structural model B.

The Reduced Form

The endogenous variables-export quantities and prices-in the export mod-
els A and B are written in terms of all the exogenous variables. To simplify the
notation they are presented in matrix notation (see appendix A for the general
expressions for the reduced form parameters of the models in terms of the
structural coefficients). In the case of model B, which reflects lagged supply
adjustment but rapid demand response, lagged prices do not appear explicitly
and there is a restriction on the parameters of the reduced form for export
volumes.

A case of particular interest for developing countries occurs when the export
demand curve is assumed to be infinitely elastic, so that export prices can be
treated as exogenous in equations 1 and 5. This is the traditional "small-
country" assumption and implies that domestic suppliers are pricetakers in
international markets. Each of the models presented here (A and B) allows

4. Tests for the eventual presence of autocorrelation in estimates for four countries provided no
evidence of autocorrelation, so that problem is ignored in the estimates for the pooled sample.
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differentiation between countries which face very large price elasticity, and
those that face downward-sloping demand curves.

II. EMPIRICAL ESTIMATES

The estimation strategy tests first for the validity of the small-country as-
sumption, using the estimates of the reduced form for each country. If this
hypothesis cannot be rejected, then I presume that the country faces a demand
curve with a relatively large (possibly infinite) price elasticity. These countries
are put into group I. If the small-country assumption can be rejected, however,
this is evidence that the country faces a much smaller demand price elasticity.
These countries are put into group II. The export supply and demand equations
for each country group are then estimated using pooled cross-section time-
series analysis. This strategy seemed attractive because it uses the data to split
the sample into two groups which presumably exhibit different structural char-
acteristics, and hence avoids forcing equality of parameters across countries.

Country Groupings

The price elasticity of export demand (0J) is a key parameter in the specifi-
cation of the appropriate model, for it permits the adoption of the small-
country assumption. Export prices can be regarded as exogenous in the export
supply equation only if the export demand curve is infinitely price elastic.

To test this assumption, the reduced form of model A, the most general
model, was estimated for each of the fifteen countries in the sample. The F
values associated with the general and restricted reduced-form expressions for
the price and quantity equations were calculated. Under the null hypothesis,
the reduced-form parameters are restricted to those shown in rows 2 and 4 of
the table in appendix A. Large values of F indicate that the small-country
assumption (St - -oo) can be rejected by the data. The calculated F values
are shown in appendix B.

The results of this test show that for six out of the fifteen countries in the
present study the small-country assumption could clearly be rejected, at a
conventional significance level of 5 percent. (At a 10 percent level, Argentina
and Mexico would be classified in group II.) Thus, for these countries, there is
strong evidence of a finite and relatively small demand price elasticity. These
countries may have market power in the manufactured goods they export and
could, in principle, use this advantage to gain market shares by offering a
reduced price for these goods. For the remaining nine countries, the small-
country assumption could not be rejected. These countries presumably face a
much larger (possibly infinite) demand price elasticity.

Structural Estimates

In the structural estimates of the export supply and demand equations I used
two-stage least squares for the pooled sample and allowed for differences in the
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intercept terms across countries, but I assumed that the slopes (elasticities) are
the same for all countries in each group. The observations were appropriately
weighted to correct for heteroskedasticity in the variance of the error terms
across countries (which was detected using Bartlett's test).

Table 1 shows the export supply estimates. The first thing to note from this
table is that all the parameters have the appropriate signs. The values of the
short-run price elasticities (a1 and a2) are generally small, oscillating around
0.2, and they are not statistically significant at conventional significance levels.5

The long-run price elasticities (al and a 2 ) are greater, as expected-varying
from 0.4 to 2.5-although they also are not statistically significant. In both
cases the real exchange rate elasticity (a 2 ) is somewhat smaller than the direct
price elasticity ((x1 ). Most of the other estimates (a3, a4) proved to be statistically
significant. The short-run capacity elasticities (a3) vary between 0.1 and 0.4,
and the long-run estimates (a) fluctuate around 1.2-1.5.

The strong and lingering influence of past export levels on current supply is
indicated by the relatively large values for a, in all cases. Relatedly, the values
of the "lag parameter" (y), which measures the speed of adjustment, are re-
ported for completeness, where y = 1 - a4 . The variable -y, as a consequence,
is rather small for both groups. The mean lag before full adjustment is 2.3
years for country group I and 9 years for group II. This explains the much
larger long-run price elasticities for group II than for group I, even though the
short-run elasticities are similar for bbth country groups.

These estimates are similar to those obtained in the literature. Donges and
Riedel (1977) report price elasticities of manufactured export supply in the
range of 0 to 3.0, whereas Balassa and others (1986) estimate price elasticities
for Greece and the Republic of Korea of between 1.5 and 2.0. The specification
of domestic capacity has varied in the literature, but its estimated coefficients
generally receive a similar interpretation. Balassa and others (1986) estimated
capacity coefficients at 1.5 to 3.0 for Greece and Korea, whereas the estimates
of Donges and Riedel (1977) varied between 0.5 and 3.0, with a median of
1.2-1.7.

Table 2 shows the preferred estimates of the export demand curve. In this
case, the parameters not only have the expected signs but are also highly
significant. The strategy adopted was to obtain first estimates of the general
model, equation 6. This is the preferred equation reported for country group I
(equation 1, table 2). When the lag parameter, X, could not be properly iden-
tified (that is, when X was not statistically different from 0), I assumed that the
adjustment to the export demand curve was completed within one year and

5. The Wu-Hausman test for exogeneity of the price term in the supply equation was performed for
both country groups. This test measures the distance between the ordinary least squares (OLS) and two-
stage least squares (2sLs) estimators for a,, standarized by a consistent estimate of the variance of this
difference. The results of the test showed that the exogeneity hypothesis was clearly rejected for both
country groups-indicating that the OLs estimates are indeed biased. See Thurman (1986) for a discus-
sion of this test.



Table 1. Export Supply Estimates
X, = a, + a,(PX/PT), + a2(PH/PT)t + a3 y* + a4 x, + E c,,D,,; al = al/(l - a4 ); a2 = a2 /(I - a4 ); a3 a3 /(l -a 4 ); y = 1 - a4

Equation K
2

Group number a, a, a2 a3 a4 al a{2 a, Y F DF

I 1 -1.40 0.19 -0.12 0.36 0.70 0.63 -0.41 1.22 0.30 0.999 144
(-1.49) (1.20) (-0.75) (3.22) (13.27) (1.27) (-0.75) (4.68) (5.60) 2 104

2 -3.32 0.16 - 0.35 0.71 (0.54) - 1.20 0.29 0.998 145
(-1.41) (1.04) (3.17) (13.48) (1.10) (4.63) (5.58) 6.5' 103

if 3 -0.58 0.22 -0.13 0.14 0.90 2.26 -1.32 1.49 0.10 1.000 98
(-0.46) (0.92) (-0.50) (0.88) (13.21) (0.60) (-0.50) (1.76) (1.40) 104

4 -0.56 0.23 - 0.14 0.91 2.55 - 1.49 0.09 0.999 99
(-0.42) (0.99) (0.84) (13.43) (0.52) (1.66) (1.34) 104

- Not applicable.
Note: Group I countries are those facing price elastic export demand; group 11 exporters face less elastic demand. Figures in parenthesis are t values. DF

indicates degrees of freedom. D,, is a country dummy; all c0, are statistically significant. Period of estimation: 1965-83 for all countries, except India; 1970-83
for India. Method of estimation: two-stage least squares, corrected for heteroskedasticity. The t values for the long-run elasticities (ca) were calculated using
the variances and covariances of the short-run elasticities (a,); see Kendall and Stuart (1974, p. 232), for the formula used.

Source: See appendix C.



Table 2. Export Demand Estimates
Model A: PX, = bo + b, PXz,t + b2 y,- + b3 x, + b4 PX, + 1 c0 Dj; = b/b 3 : :2 = -b 2/b 3 ; X = b/b 4 .
Model B: x, = f3 + 0 1(PX/PX'), + ± 2 y) + Si c0, Di,

Equation
Group number (model') bo b, b2 b, b4 fl, X R2(F) DF

I 1 (A) -4.02 0.57 0.34 -0.10 0.42 -5.69 3.34 0.24 0.960 (2104) 144
(-1.55) (4.97) (1.90) (-4.62) (5.32) (-6.30) (1.79) (2.75)

II 2 (B) -19.49 - _ _ - -1.36 1.80 - 0.997 (2104) 100
(-6.89) (-2.48) (9.26)

Note: Group I countries are those facing elastic export demand; group II exporters face less elastic demand. Figures in parentheses are t values. Df indicates
degrees of freedom. Di, is a country dummy; all c0, are statistically significant. I'eriod of estimation: 1965-83 for all countries except India; 1970-83 for India.
Method of estimation: two-stage least squares, corrected for heteroskedasticity.

Source: See appendix C.
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estimated the notional demand curve (equation 2) directly. This is the preferred
equation reported for country group II (equation 2, table 2). As expected, the
price elasticity of export demand (03,) differed considerably between country
groups: it was much larger for country group I (-5.7) than for country group
II (-1.4). But the income elasticity estimates (02) were more similar, varying
between 1.8 and 3.3. These estimates suggest a strong influence of world
economic activity on export demand, but other elements should be considered
before calculating the net effect of external activity on export revenues, as
discussed below.

The empirical findings reviewed here indicate that prices clearly affect export
demand, although they were not statistically significant in the supply equation.
This study also suggests that a useful and clear distinction can be made between
countries on the basis of the magnitude of the price elasticity of export de-
mand6. Export supply is also shown to be significantly influenced by domestic
capacity, whereas external economic activity plays a significant role in export
demand. Finally, export supply seems to respond with a significant lag to
changes in exogenous factors, whereas export demand adjusts relatively
rapidly.7

III. THE IMPACT OF EXTERNAL DEMAND ON MANUFACTURED EXPORTS

Despite its importance, no consensus has yet emerged on the magnitude of
the foreign income elasticity of export revenues (Dornbusch 1985). Most stud-
ies have presented positive multipliers, but their estimates differ sharply-
ranging between 1.3 and 4.7. Marquez and McNeilly (1986) have recently
examined the literature on this subject and have concluded that most estimates
of this elasticity are subject to biases arising from three sources: (i) use of
multilateral trade flows aggregated across countries ("aggregation bias"); (ii)
omission of price effects; and (iii) reliance on ordinary least squares for param-
eter estimation. They obtain a much lower estimate of the foreign income
elasticity when they attempt to account for these effects-between 1.3 and 1.6.

Marquez and McNeilly's criticisms are convincing, although their own esti-
mates may be biased, for two main reasons. First, they omit domestic supply
factors in developing countries (domestic capacity and domestic prices) and
hence their estimates may be biased due to the omission of relevant variables.
To test for these factors, I compared the general reduced form estimates of the
models discussed here (A and B) with a variant of these models which omits
the domestic supply variables. The export volume equation of the restricted

6. Those countries facing a relatively small demand price elasticity may be exporting goods that can
be differentiated by place of origin, whereas those facing a high-demand price elasticity may export
relatively homogeneous goods for which close substitutes exist in foreign markets. This hypothesis,
however, requires a close examination of the export composition of both country groups.

7. Note, also, that the fit of the models (measured by the adjusted R2s) is very good. In the case
of the supply specification, however, this is probably due to the presence of the lagged dependent
variable, x,-l.
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Table 3. The Consequences of a Change in World Income: Export Volume,
Export Price, and Export Revenue Multipliers

Volume Effect Price Effect Revenue Effect
Country Group ESR fLR ESR LR ESR ELR

I 0.07 0.95 0.33 0.45 0.40 1.40
11 0.25 1.12 1.13 0.50 1.38 1.62

Note: e'. measures the short run (SR) impact on export volumes (x) of a unit change in world
income (y-); all other parameters are defined analogously. See appendix D for the formulas used. The
estimates used to calculate these multipliers were obtained from table 1 (equations 1 and 3) and table 2
(equations 1 and 2).

model, (which assumes infinite price elasticity of supply) was rejected at the 1
percent level in both cases, when compared with the general reduced-form
expressions for each country group in a simple F test. These findings underscore
the importance of domestic supply factors in export behavior. Second, Marquez
and McNeilly fail to distinguish between export volume and export revenue
effects of a unit change in external demand. The presence of this bias can be
detected by comparing the export volume and export revenue elasticities (see
Clavijo, Pritchett, and Semlali 1987), to which I now turn.

The effect of a unit change in world income on export volumes and export
prices can be determined in the structural models developed here. The short-
run multipliers for model A (from appendix table A-1), for example, are

SR, = d12; SR = 22

and the long-run multipliers are:

eLR_ = [d,2 + d, d 22 /(1 - d 2 7 )]/Ql

ELR - d d d(i d /2epxyW = [d22 + d26 dl2/(' - d16)/Q2

where 1 = 1i-d 1 6 - d17 d26/(1 - d2 7); 52 = 1 - d27 - d26 dl7/(1 - d16) and
the di, are the reduced-form coefficients. The general expression of the coeffi-
cients in terms of the structural parameters is given in appendix table A-1, rows
1 and 3. (A detailed derivation of these multipliers is given in appendix table
A-1.) Similar (but simpler) expressions hold for model B. Table 3 presents the
estimates of these multipliers for both country groups, using the structural
estimates shown in tables 1 and 2.'

These results indicate that the short-run export volume effects vary between
0.1 and 0.3, whereas the price effects are significantly stronger, varying be-
tween 0.3 and 1.1. Thus most of the increase in revenue in the short run is

8. Because it can be shown that the estimates of the structural models presented in tables 1 and 2
represent stable solutions, it is meaningful to look at the long-run multipliers. Note, also, that the
export volume and export price multipliers discussed here are based on the structural parameter
estimates, which is preferable to the direct estimation of the reduced form only if the overidentifying
restrictions in the structural model are true. I am grateful to an anonymous referee for this point.
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likely to come from an increase in prices, according to the estimates presented
here. In the long run, however, the opposite is true: the export volume effect
oscillates around 1.0, whereas the price effect is lower, at around 0.5, for a
total revenue effect of 1.5. It is interesting to note that, despite the differences
is the structural estimates and in the final model selected, the long-run multi-
pliers are remarkably similar for both country groups and coincide with the
estimates given by Marquez and McNeilly (1986).

IV. CONCLUSIONS

Several findings emerge from this study which are important for the specifi-
cation and application of models of manufactured exports from developing
countries. First, the specification of a complete structural model, with identifi-
cation of supply and demand functions, requires analysis of all the channels
through which relative prices and income influence export behavior. This avoids
bias in the estimated coefficients due to the omission of relevant variables.

Second, two price coefficients seem to play an important role in manufac-
tured exports supply: the own-price elasticity (the parameter associated with
the price ratio of manufactured exports to domestic tradables), and the real
exchange rate elasticity (the parameter associated with the price ratio of do-
mestic tradables to home goods). Estimates of these elasticities were found to
be lower in the short run (with the own-price elasticity oscillating around 0.2,
and the real exchange rate elasticity oscillating around -0.1) but larger in the
long run (varying from 0.6 to 2.3, and -0.4 to -1.3, respectively). The price
elasticities were generally statistically insignificant, however, probably because
of deficiencies in the export prices used. The elasticity estimates are clearly
within the range reported by other authors and suggest that price changes are
likely to elicit a response only after a considerable lag.

Third, domestic capacity clearly affects the supply of manufactured exports.
The elasticity associated with this variable was generally significant, and it
varied between 0.1 and 0.4 in the short run and between 1.2 and 1.5 in the
long run. Note, however, that the proxy variable used for this purpose-a
simple time trend-captures a host of other structural factors that tend to
evolve slowly through time (such as learning by doing and the quality of
infrastructure). The importance of domestic capacity, therefore, suggests that
adjustment programs designed to encourage exports should promote domestic
investment, improve the quality of infrastructure (particularly in transportation
and communications), and provide other services essential for exports.

Fourth, when analyzing the demand curve for manufactured exports, a clear
distinction needs to be made between countries facing a relatively high-demand
price elasticity and those facing a relatively low-demand price elasticity. A
simple test, based on the reduced form of the model, was used here to discrim-
inate between these two groups of countries. The estimated price elasticity of
export demand for those facing low-demand elasticity (a group that broadly
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coincides with the newly industrializing countries) varies between -1.0 and
-1.5, and the price elasticity of export demand for the remaining countries
varies between -5.5 and -6.0.

Fifth, although the income elasticity of export demand obtained from this
study is relatively high, varying between 1.8 and 3.3, this parameter does not
capture the full effects of external economic activity on manufactured export
revenues. To calculate this effect, one needs to include both volume and price
effects and to distinguish between the short and long runs. Because of the
lagged adjustment of export supply, the response of export volume to an
increase in world income is likely to be smaller in the short run but to increase
in the long run. Export prices, however, would be expected to change quickly,
but to level off soon thereafter as resources are shifted to increase production.

The export volume multiplier calculated here is about 1.0 for both groups of
countries, whereas the total long-run effect of a 1 percent change in external
economic activity on export revenues is about 1.5. The latter result is remark-
ably robust to the alternative specifications adopted and is generally smaller
than the estimates in previous studies, which range from 1.3 to 4.7. If accurate,
this estimate has important consequences for highly indebted countries, for it
implies that they cannot rely on external growth alone to generate enough
resources to service their debts. Alternatively, they may still find ways to
increase export revenues, despite the slow growth of economic activity in
industrial countries. In essence, therefore, domestic economic policies (particu-
larly those encouraging investment in export-oriented activities, and exchange
rate policies) will need to play a key role in their strategy to increase foreign
exchange earnings.

APPENDIX A. DERIVATION OF THE REDUCED FORM MODELS

To simplify the notation, I first write model A (equations 5 and 6) in matrix
form as follows:

BYt = F Z, + U,

where

B [ -al]

I' = [ao - (a0 + a,) a2 a3 a4 0

Lbo 0l O 0 0 0 b4

Z, = (1, PX, yt>, PT,, PH, Y*' Xt-l PXtJ

Yt = (Xe, PXt)

Ut = (Ul, U2 1)-



Appendix Table A-1. Export Models: Reduced Form Coefficients in Terms of the Structural Parameters
Equations Row di, di2 d, d,4 d5 d,6 d,7

MODEL A
Quantity Equation (i = 1)

General expression 1 ___ _I120 1X32 ,o -7( 1 - 03) (o, + a2) 0 W2( - X0t) t 703(1 - X1)3, (1 Y) (1 - X01 )20 Y
General expression 1 A - A A A ~~~~~A XLA A

Small-country
assumption 2 yotx 20 0 -Y(a, + o9)o0 702Ž 0 7,,3Ž0 (1 - Y) 0 0

(- - o)

Price equation (i = 2)

General expression 3 A y2O YX(Cel + a2) -ytXo 2 0 -YXo 3 -(1 - Y)X0 10
A A A A A A -A

Small-country
assumption 4 1 0 0 0 0 0 0
(31 - - 0)

w MODEL B
i-" Quantity equation (i = 1)

General expression 5 Ž0 ->zx o0 71i(0 + 002)3 -(1 -0) T20
B B B B B B -

Small-country
assumption 6 Yu,XŽ0 0 'Y((C' + a2) °0 Y,2C0 7X320 (1 - 7)13,20 -

(01 - - 0)

Price equation (i = 2)

General expression 7 13_0 2 20 Y(_a_l + 72) o -eX2 -0•0 -- • ( 0 -
B B B B B B

Small-country
assumption 8 1 0 0 0 0 0 -

(13, - - 0)

- Not applicable.
Note: The coefficients are estimated from the following: quantity equation: x, = d1o + dlPX,' + d12 yt + dl3PTt + dj4 PH, + d,,yt + d16 x', + d,7 PX,1 ; price

equation: PX, = d2 0 + d2 1PXI + d22y, + d2 1PT, + d2 4 PH, + d25y, + d> x + d2 7PX ,1; and in the coefficients; A = 1 + X(7ysl - B,): and B = 7y, - ,. For
the quantity equation of model B, the following restriction applies: d,3 -(d,, + d,4 ).
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The reduced form of model A can then be expressed as Y, = B-'I Z, + B-' Ut
= DZ, + Wt, where D = B-' r, W, = B-Ut. Rows 1 and 3 of appendix table
A-1 present the general expression for the reduced-form parmeters of model A
(the coefficients of the matrix D) in terms of the structural coefficients. A
similar procedure was used to derive the reduced form of model B (equations 5
and 2). Rows 5 and 7 present the general expression for the reduced-form
parameters of this model in terms of the structural coefficients.

Rows 2 and 4 (model A) and 6 and 8 (model B) show the reduced-form
coefficients when infinite price elasticity of demand is assumed.

APPENDIX B. F VALUES USED TO CLASSIFY COUNTRIES INTO GROUPS I AND II

F values

Country Quantity equation' Price equation' Country group

Argentina 2.90 2.61 I
Brazil 4.08 7.88 II
Chile 0.53 14.44 II
Colombia 1.21 0.35 I
C6te d'Ivoire 1.57 2.12 I
India' 0.07 2.19 I
Indonesia 1.66 3.94 II
Korea, Rep. 1.03 3.40 II
Mexico 2.51 2.40 I
Peru 0.61 2.11 I
Portugal 2.47 12.89 II
Senegal 1.73 1.66 I
Thailand 5.44 5.38 II
Turkey 2.65 1.30 I
Yugoslavia 1.31 2.19 I

Critical values F3,10 F7,10
(a = 5%) 3.71 3.14

a. Reduced-form quantity equation: x, d,1 + d, PX,+ + d, + y," d, 3 PT, + d,4 PH, + d,5 y-, +
d,6 x,j + d17 PX,< Ho: d 2 = d17 = 0; d,3 = -(d,l + d,,).

b. Reduced-form price equation: PX, = d20 + d2, PX)" + d22 y," + d23 PT, + d24 PH, + d25 y,* +
d26 x, l + d,- PX, ,. Ho.: d22 d2 3 = d24 = d25 = d26 = d27 = 0; d2, = 1.

c. The critical F values for India are higher than those shown at the bottom of the table because the
period of estimation is shorter.

APPENDIX C. THE DATA

The data used in this study can be defined formally as follows:

x, = Manufactured exports [Standard International Trade Classifica-
tionJ(SITc) 5 to 9-68] in constant dollars; the value data are
obtained from the World Bank Trade System and are then de-
flated by PX,.9

9. The manufactured exports value and price data for India (1970-83) were obtained directly from
national sources. I am grateful to Z. Ecevit and R. King for providing me with these data.
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PX. = Manufactures export unit value index, in current U.S. dollars,
calculated by the U.N. Department of International Economics
and Social Affairs. 10

PX1_ = World price of manufactured exports, in current U.S. dollars,
obtained from GATT (1987).

PT, = Price of tradables, in U.S. dollars, calculated as the ratio of value
added in current and constant dollars originating in manufactur-
ing, agriculture, and mining, obtained from the World Bank's
National Accounts database.

PH, = Price of home goods, in U.S. dollars, calculated as the ratio of
value added in current and constant dollars originating in the
remaining sectors (and including construction, electricity, and
private and government services) obtained from the World Bank's
National Accounts database.

Yt = Capacity output, with y, = GDP at market prices in constant
dollars, derived from a log-linear regression against time (In y,
= a + ,Bt, with a and fi estimated by OLS), obtained from the
World Bank's National Accounts database.

Ytw = Index of external demand, calculated as a weighted average of
economic activity for the country's main trade partners:

Wit y, wit = (Xt/X 1 ) + (X, l/Xt.,); y' = GDP at constant mar-
ket prices for region i, obtained from the World Bank's National
Accounts database; and X0, = value of exports to region i at time
t, X, = Ei Xt, obtained from the International Monetary Fund's
Direction of Trade database.

APPENDIX D. THE EFFECT OF A UNIT CHANGE IN WORLD INCOME: EXPORT

VOLUME, EXPORT PRICE, AND EXPORT REVENUE MULTIPLIERS

Volume and Price Effects

Consider the reduced form of model A:

(D-1) (1 - d16L) x, = d12 ytw + d17L PX, + d, Zl,

(D-2) (1 - d27 L) PX, = d22 ytw + d26L xt + d2 Zlt

where L is a lag operator, Z't = (1, PX-, PT1, PH1, y*l' , d,, d2are corre-
sponding vectors of parameters, and all variables are expressed in logarithms.
By differentiating equations (D-1) and (D-2), leaving unchanged the vector of
exogenous variables (Z,t), one obtains a system of two equations with two
unknowns:

(D-3) (1 - d,L) d t = d12 + dl7 L d PX,

10. See Moran and Park (1986) for a description of the methodology used to calculate these deflators.
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(D-4) (1 - d27 L) d PXt = d22 + d26L d xydYt d26 Ldt

To obtain the short-run multipliers, simply let L = 0, and get:

(D-5) SR xy = 

L=O

dZ1 =O

(D-6) 4E SR Y= [d PX] = d2

L=O

dZj=0

To obtain the long-run multipliers, let L = 1, and get:

(D-7) (1 -d 16) E =L d 2 +d, 7 eLR

(D-8) (1 - d27) eLRY = d22 + d26 eLR

from which,

(D-9) ELR= [|d ] = 12 + 1- d2]

7L=1

DZ71=°

(D-10) epLR [d X =PX,] + d26 d12]
- 02 1

L=1

dZ =O

with , =1 - d1 6 -d 1 7 d26 /(1-d 2 7 ); 02 = 1 - d2 7 - d26 dl 7 /(1 - d16).

Revenue Effects

R is defined as export revenue, PX1 as price, and x as volume, so that R =

PX Y. All variables in the models here, however, are expressed in logarithms
(x = Inx), so that for model A,

d R d PX d x
(D-11) tyli f del + can d ob d an al epxy.

The multipliers for model B can be obtained analogously.
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Export Quota Allocations, Export Earnings,
and Market Diversification

Taeho Bark and Jaime de Melo

Countries facing voluntary export restraints (vERs) often adopt a two-tier allocation
system for export licenses to the restricted market: (1) a "basic" allocation related to
export shares to the restricted market; and (2) an "open" allocation based on export
shares to the nonrestricted market. Such a two-tier allocation system increases exports
to the nonrestricted market beyond the levels which would exist under a single-quota
allocation system and has an efficiency cost as it results in some sales being made at
less than marginal cost. The history of VER negotiations provides a rationale for such
a policy and suggests that the recent increase in antidumping cases may be partly
associated with the adoption of two-tier quota allocation systems.

Nontariff barriers (NTBS) present a growing threat to a liberal world trading
system and slow the relocation of mature industries from developed to devel-
oping countries. Among NTBS, voluntary export restraints (VERS) are prolifer-
ating and constitute a major element of the "new protectionism."

Besides measuring the incidence of NTBS, research has concentrated on three
aspects of VERS: the welfare cost to the imposing country, their attraction for
both exporters and importers, and their "inefficacy." Analysis of the first issue
has shown that because the exporting country operates the VER, there is a rent
transfer from the importing country to the exporting country which is often
larger than the distortionary costs associated with an "equivalent" tariff. Sec-
ond, research indicates that VERS have endured because exporting countries
receive the rent transfer, whereas for importing countries VERS can be imposed
quickly and lack transparency and therefore attract fewer objections than out-
right subsidies to the industries seeking protection (see, for example, Bhagwati
1986).

Third, because VERs are typically negotiated bilaterally for specific product
categories, they allow exporters to alter the product, the export route, or even
the place of production to avoid the restriction. Quality upgrading is such a
response which has been amply documented for differentiated products like

Taeho Bark is at the Korea Development Institute; Jaime de Melo at the World Bank. A first draft of
this paper was completed while de Melo was a visiting fellow at the IIES in Stockholm. Partial support
was provided from World Bank research funds. The authors are grateful to members of the workshop
on European Trade Policy, particularly Wendy Takacs, for helpful comments on an earlier version.
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automobiles.' For undifferentiated products, such as footwear and steel, tran-
shipment has been observed (see, for example, Crandall 1987). If there are low
start-up costs, investment and production will shift to adjacent third countries
not afflicted by VERS. Thus the possibility to bypass such restrictions has led
Baldwin (1982) to write on the "inefficacy" of trade restraints, particularly
NTBS.

There is another implication for maneuvering by exporters, because negotia-
tions typically involve only a few of the exporting countries' trading partners.
It has been observed frequently that importing countries which are not cur-
rently party to a VER agreement often follow suit and enter into such an
agreement. This feature of bilaterally negotiated trade restraints has been doc-
umented for footwear by, among others, Hamilton (1986b), who refers to it as
a "domino" effect. Exporting countries may wish to prepare themselves for this
eventuality by actively promoting export diversification toward nonrestricted
countries as a precautionary measure against future restrictions.

The implications of this export diversification motive have not been analyzed
in the literature, and we examine them here. In the next section we briefly
describe how export diversification is typically achieved. In section II we set up
a simple model that analyzes the implications of the two-tier quota allocation
rule described in section I. We also draw implications for policy actions by
nonrestricted countries and suggest that the recent increase in antidumping
cases may be linked to this two-tier quota allocation practice.

1. Two-TIER QUOTA ALLOCATION SYSTEMS

If a government wishes to maximize foreign exchange earnings and to en-
courage diversification of export markets for a product which is subject to a
VER, it can be expected to rely on two criteria for the allocation of export
licenses to the restricted country. These are (1) the unit value of a firm's exports
in local currency, as the criterion for the "basic" allocation, and (2) the firm's
export volumes to nonquota countries, for the "open" allocation. In a previous
paper (Bark and de Melo 1987), we show that taking into account the unit
value of firms' exports is consistent with a government's objective of maximiz-
ing foreign exchange revenues and will usually lead to quality upgrading. The
second criterion, export volumes to nonquota countries, is often used to en-
courage export diversification.

Table 1 shows how the Republic of Korea, for example, implemented the
allocation criteria for various VERS in 1984 (Rhee 1984). What is striking is the
uniformity of criteria across commodities subject to VERS. Rhee also documents
unofficial statistics of exporters' associations, suggesting that the open quota is
usually 15 to 20 percent of the total quota. A two-tier quota allocation mech-

1. Conditions for product mix upgrading have been analyzed by Falvey (1979) and Rodriguez
(1979). Quality upgrading for automobiles and footwear have been shown by Feenstra (1985) and Aw
and Roberts (1986).
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Table 1. The Export Quota Allocation System in Korea; Selected Cases
as of 1984

Quota allocation criteria'

Commodity Countries Basic quota Open quota

Textiles United States, Last year's export volume Unit export price in local
Canada, Last year's average unit currency
European export price Last year's average unit
Community, export price
Sweden Last year's export volume

to nonrestricted
countries

Silk fabric Japan Last year's export volume Last year's average unit
export price

Cotton yarn Japan Last year's export volume Last year's average unit
export price

Athletic leather United States Last year's export volume Unit export price in local
footwear currency

Last year's average unit
export price

Last year's export volume
to nonrestricted
countries

Footwear United Kingdom Last year's export volume Unit export price in local
currency

Last year's average unit
export price

Footwear Ireland Last year's export volume In the order of application

Stainless steel United States, Last year's export volume Basic quota allocation
flatware Belgium, Last year's export value Last year's export volume

Luxembourg, to nonrestricted
United countries
Kingdom, Fed.
Rep. of
Germany

Black and white United Kingdom Last year's export volume Basic quota allocation
television Last year's average unit Last year's average unit

export price export price
Last year's export volume

to nonrestricted
countries

Carbon and United States Last year's export volume Export volume of new
certain alloy commodity
steel products Small and new firms

Last year's export volume
to nonrestricted
countries

a. Specific weights given to each criterion vary across commodities. For all items, some portion of the
basic quota licenses are transferable while the open quota licenses are not transferable.

Source: Rhee (1984).



344 THE WORLD BANK ECONOMIC REVIEW, VOL. 2, NO. 3

anism is also among the criteria used for allocating rights to export clothing in
Malaysia. 2 Given that the Multifibre Arrangement is so widespread, there is
not much scope for diversification toward nonrestricted markets.

II. THE MODEL

We assume that output is produced domestically by identical firms in perfect
competition; this assumption is appropriate for many industries subject to
VERS, such as clothing and footwear, though not for others such as steel. For
simplicity it is assumed that all output is exported and that firms produce at
constant marginal costs over the relevant output range. We also assume that
unit export values are fixed, thereby excluding the possibility of quality upgrad-
ing. A more complex model with increasing marginal costs is available on
request from the authors, but the main qualitative results are not affected by
this assumption. 3

The world market for the product subject to the VER is viewed as comprising
four countries: two net suppliers, one of which (the home country) negotiates
a VER, and two net importers, one of which (the restricting country) enters into
a VER with the home country. The second supplier produces a good which is
an imperfect substitute for the good produced by the home country. Transport
costs and rules against transshipment segment the two markets for the home
country.

In figure 1, A, is the home country's export supply curve. It faces two
demand curves, DR on the restricted market and DN on the nonrestricted
market. Under free trade R would be sold on the restricted market and N on
the nonrestricted market. It is assumed that the government of the home coun-
try does not impose the export taxes that would improve its terms of trade in
line with the theory of optimum trade taxes. As it is not exploiting this monop-
olistic power, in the absence of foreign retaliation, some trade restriction can
be expected to increase its real income.

Let negotiation of the VER between the home and the restricting country
reduce exports to that market to R'. As noted above, it is common for the
governments of exporting countries facing VERS to adopt a two-tier allocation:
BR' is the basic quota allocation that is divided equally among all firms; and B
is an "open" quota that is allocated to firms in proportion to their exports to
the unrestricted market. (We give some consideration below as to why this
formula might be chosen.) With exports of R' to the restricted market, price
on that market will be PR. Price on the unrestricted market cannot be deter-
mined until the incentive for firms to export to that market is specified more

2. These two allocation criteria are found by Hamilton (1986a) in his survey of export license
criteria for clothing exports among Association of South East Asian Nations (ASEAN) member countries
subject to VERS.

3. An algebraic treatment of the model is available in Bark and de Melo (1988).
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Figure 1. A Two-Tier Quota Allocation System

Price

L, b 
AS

0 N N' B R' R

Quantity

Note: A free-trade price; AS = free-trade export supply curve; BR' "basic" quota allocation;
DN = demand curve of nonrestricted market; DR = demand curve of restricted market; N = free-trade
level of exports to nonrestricted market; N' = exports to nonrestricted market after quota imposition;
B = "open" quota allocation; PN = price in nonrestricted market; P, = price in restricted market; R =

free-trade level of exports to restricted market.

fully; for the moment assume that exports to that market are N' so that the
price is PN

Assume that one unit of exports to the unrestricted market entitles the
exporter to export k units to the restricted market under the open quota. Given
competition, the profit from open quota sales must be equal to the loss on
unrestricted market sales, that is, ab = cd in figure 1, as long as the open quota
is fully taken up (not to do so would be inefficient from a national point of
view). The entitlement ratio k is equal to bld; it is thus also equal to (c/A)!
(a/A) or the ratio of the per-unit subsidy for exports to the unrestricted market
to the per-unit profit on open quota sales, both expressed as proportions of the
free market price, A.

It can be seen that k depends on the size of the open quota, the elasticities of
demand on the unrestricted and restricted markets, and the price on the re-
stricted market. As drawn, it is clear that if k = 1, the full open quota of B



346 THE WORLD BANK ECONOMIC REVIEW, VOL. Z, NO. 3

would not be taken up, for the loss on exports to the unrestricted market
would exceed the profit on the open market. Indeed for demand for the open
quota to equal the supply, with k = 1, the open quota has to be such that
PR - A = A - P, It is clear then that k and the open quota cannot be
set independently of each other.

As optimum export taxes had not been imposed before the VER, the home
country will gain from the reduction of its exports to the restricted market, up
to the point where marginal revenue on that market is equal to marginal (and
average) costs. On the unrestricted market, the expansion of exports beyond N
involves a loss to the country. Under the two-tier scheme it is understandable
that firms would wish to sell more than N-it is necessary to do so in order to
export, under the open quota, to the other market. It is analogous to rent-
seeking, incurring real costs from society's point of view in order to capture
rents. But why should governments wish to induce this behavior, which they
do, when it would appear to incur deadweight losses? One answer could be
that governments seek increased export revenue as an objective, either because
the exchange rate is, not at an equilibrium level (in which case shadow prices
should be used in assessing costs and benefits in figure 1), or because they are
ill advised. Another answer is that VERs appear to be contagious, and that by
diversifying exports into markets that may be restricted in the future, govern-
ments may be able to stake claims for favorable treatment in those markets
should they later come to be restricted.

Some support for the latter view may be drawn from experience with VERS

on footwear. Shortly after the United States negotiated its "orderly marketing
arrangements" with the Republic of Korea and Taiwan in June 1976, several
members of the European Community (EC) and other developed countries
followed suit, in many cases extending VERS to all footwear exporters (Yoffie
1983, chap. 3; Hamilton 1986a).

Given such a pattern, the home country could expect a restriction of its
exports to the hitherto unrestricted market in the future. It could then make
sense to use a two-tier allocation system to encourage export diversification
early so as to negotiate a future VER from a larger share in the unrestricted
market. Such a policy should be tempered by the possibility that selling at less
than cost in the unrestricted market may provoke the importing country into
imposing the VER. This introduces the question of endogenous uncertainty (see
Bhagwati and Srinivasan 1976)-the exporting country's government would
have to weigh the increased probability of imposition of a VER by the hitherto
unrestricted market plus the present costs of stimulating exports at a loss, on
the one hand, against the expected benefits in the future of having a sizable
market position if a VER were to be imposed, on the other.

Two further aspects of the two-tier quota allocation system may be noted.
First, cross-subsidized exports to the nonrestricted market are amenable to
antidumping action according to the General Agreement on Tariffs and Trade's
(GATT's) antidumping code. Antidumping actions by the EC and United States
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have increased in recent years, and the share of developing countries in these
cases has risen.4 It is quite possible that part of this increase is due to precau-
tionary diversification of exports under two-tiered allocation systems in the
presence of VERS. Second, if the wedge between the unit selling price in the
restricted and nonrestricted markets gets too large, there are incentives for
arbitrage by, for example, violating or circumventing transshipment rules (see
Baldwin 1982).

III. CONCLUSION

We have shown that a two-tier quota allocation system for export licenses to
restricted markets can achieve export diversification toward unrestricted mar-
kets and simultaneously fill the established quota. But this diversification has a
cost in that it generates sales at below marginal cost. The two-tier allocation
rule thus results in a resource waste similar to that identified in the literature
on rent-seeking. A rationale for the pursuit of such a policy can be found in the
recent history of VER negotiations where the bilateral negotiation of VERS

between major exporters and one of their principal trading partners spreads to
other trading partners as well. But in encouraging exports to an unrestricted
market at less than costs, the probability that the government of that market
will then retaliate with antidumping actions or a VER may be increased. The
precautionary measures taken to diversify in case a VER is imposed may make
further VERS more likely.
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Approximating the Effective Protection
Coefficient without Reference

to Technological Data

Patrick J. Conway and Malcolm Bale

When proposals for reform of tariff or subsidy policies are made, attempts to predict
the effect on incentives are frequently hampered by the need for input-output technical
data. This article develops and illustrates the use of a methodologyfor approximating
effective protection coefficients (EPCS) when such data are unavailable or outdated. It
derives the equations which approximate the EPC from statistical analysis of a cross
section of existing EPC studies for four agricultural commodities: corn, cotton, rice,
and wheat. Informational requirements for computing approximations include the
nominal protection coefficients on output and tradable inputs and readily available
macroeconomic data. These approximation equations perform well in an out-of-
samp,e test.

Trade economists are constantly in search of empirical measures of the sectoral
production incentives introduced by government trade, exchange rate, and
input pricing policies. The effective protection coefficient (EPC), which is the
ratio of domestic to world value added, is commonly accepted as the preferred
metric for this purpose, despite its well-known drawbacks (Dixit 1985). EPCS

have been calculated in most developed and developing countries for industrial
products. They have been calculated less often for agricultural products, how-
ever, because necessary input-output information and farm management studies
have often been unavailable.

In the absence of reliable EPC calculations, researchers have used the nominal
protection rate (NPC), which is the ratio of the domestic to world price of the
final good as a proxy. As the World Development Report 1982 (World Bank
1982b, p. 49) notes:

Such effective protection coefficients are more difficult to compute be-
cause data on input uses in agriculture are more elusive. Research at the
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World Bank and elsewhere suggests, however, that the levels of traded
inputs in agricultural outputs are relatively low in developing countries,
so that the qualitative results of EPCS and NPCs are similar.

We develop and implement a methodology for improving upon the NPC in
approximating the EPC without requiring "elusive" input-output information.
Information on these input-output coefficients is embodied in calculated EPCS.
We have formed a cross-sectional data base drawn from existing EPC studies
and use statistical methods to derive approximation equations for the EPC that
reflect this underlying technical information. We then demonstrate in an out-
of-sample example that these approximations are both easily constructed and
more precise than the use of NPCS.

The data base includes information on both cross-country and within-coun-
try protection which extends existing studies (World Bank 1982b, 1986), and
our EPC approximation equations provide estimates of the impact of tariff and
subsidy changes on producer incentives and thus inform policy prescription.
Although this methodology is no substitute for the in-depth sectoral research
of farm budget or input-output studies, it permits an initial screening of trade
liberalization and subsidy elimination proposals for their sectoral incentive
effects.

I. THE DETERMINANTS OF THE EFFECTIVE PROTECTION COEFFICIENTS

EPC estimates summarize the magnitude of producer incentives arising from
government trade policy and the productive technology (that is, the use of
tradable inputs). The NPC, which does not account for input pricing, will thus
be an imprecise approximation when protection of tradable inputs increases
costs and provides a significant disincentive to production, and when the pro-
ductive technology varies systematically over time and place. This is best illus-
trated mathematically; we define the following variables for one crop in one
country at one point in time.

P = Domestic price of agricultural output (after protection)
P* = World price of agricultural output in home-currency units
q = Domestic price (vector) of input(s) to production divided by P (after

protection)
q* = World price (vector) of input(s) divided by P*
a = (Vector of) units of input(s) used per unit of output'

Domestic value added per unit of output can then be defined as P (1 -qx),
and world value added per unit of output in home currency is defined
PF (1 - q'a). The EPC is the ratio of domestic value added to world value
added. 2

1. The empirical EPC studies referenced below use a unique set of input-output coefficients for both
domestic and world production.

2. For the case of multiple tradable inputs, a can be considered a row vector and q a column vector.
Also, when nontraded goods exist and are handled in either of the Corden methods (see Tower 1984),
this relation characterizes the EPC.
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EPC = [P(1 -qa)]1/[P*(l - q*a)]

- NPC [(1 - qa)/(l - q':a)]

The second identity highlights the close relation between the NPC (= P/P*) and
the EPC. Variation in the EPC, however, will also follow from movements in the
domestic and world relative prices of inputs or from changing input-output
coefficients. This is illustrated by approximating the above equation using a
multivariate Taylor expansion:

EPC _ NPC - - (q - q: )
1 -q

The EPC increases with the NPC and decreases as nominal protection on tradable
inputs grows (as q rises). For a tariff system that has higher nominal protection

on tradable inputs than on output (q > q*), the EPC decreases as the use of
tradable inputs (and a) rises.

Microeconomic theory suggests that the input-output coefficient, a, will
respond systematically to four sets of determinants: relative input prices (q),
the country's level of economic development (Y), economies of scale in domes-
tic production (Q), and advances in the productive technology (T).

a a e(q, Y, Q,T)

The symbols above the determinants of a indicate the sign of the partial
derivative (that is, the negative sign above T indicates that aa/aT < 0). The
positive effect of Y on a reflects a belief that tradable-input use increases with
the level of development. A positive effect of Q would reflect decreasing returns
to scale, whereas zero or negative effects would indicate constant or increasing
returns. More modern techniques (higher T values) are assumed to allow greater
output with an identical volume of tradable inputs.

Each EPC calculation assumes that the elements of a are fixed. However, if
q i q F (that is, if nominal protection of output and inputs is not uniform) and
the microeconomic determinants of a above are valid, changes in the relative
price of inputs, the scale of production, or the level of development will have
an impact on the value of a. This regularity can be exploited to ensure greater
precision in approximating EPCS.

II. STATISTICAL ANALYSIS OF THE EFFECTIVE PROTECTION COEFFICIENTS

We have collected EPCS, NPCS, and related economic indicators for four
agricultural crops-cotton, rice, corn (maize), and wheat-from the existing

incentive studies cataloged in the bibliography for the sixteen countries listed
in appendix A. Of these, eleven fall within the World Bank classification of
developing country. There were some differences in the calculations of EPCS
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across studies, but the methodology in all cases is substantially that drawn from
Corden (1963) and Balassa and Associates (1971).3

Figures 1 through 4 plot the EPC against the corresponding NPC for the
observations in each crop. There is an upward bias of the EPC to the NPC in
corn, cotton, and rice; there is in addition significant deviation of the Epc from
the corresponding NPC. If this deviation is systematic, the NPC'S value as a
proxy can be improved upon by reference to other determinants.

The conventional wisdom that EPCS in agriculture are less than unity and
substantially lower in developing countries (Bale and Lutz 1981) is only par-
tially borne out for these crops. Figures 5 through 8 show the EPC as a function
of level of per capita gross national product (Y); the vertical line represents a
dividing line between developing and developed countries. EPCS are not invari-
ably less than unity for any crop. Observation suggests, however, that for
traditional developing-country export crops (cotton and rice), the EPCS for
developing countries are less than unity in the majority of instances; for the
developing-country import substitutes (wheat and corn), the EPCS of developing
countries are usually greater than unity. In industrial countries, the opposite
pattern exists; for developing-country export crops, the industrial-country EPC

is invariably greater than unity, whereas for the import substitute crops the
industrial-country EPC is lower and often less than unity.

We choose for simplicity to construct linear EPC approximation equations. If
we represent each crop with subscript i, the country with subscript j, and the
time period with subscript t, we can define a linear EPC equation incorporating
the NPC and technological effects outlined above as

EPCiPt = + ±NPCi±t + 12 (qj, - q,) + 03Yj, + 04QiQ t + Q5 Tt
We have made several simplifications in our application of the estimator.

First, a should depend negatively on q. To avoid multicolinearity, we did not
introduce qt and (q - q*) separately into the regression but used only the lat-
ter. Second, the returns to scale effect, Qjt, should be measured by output per
farm. That information was not available, so we used aggregate country output
of the crop in that year, appropriately scaled. Although not precise, this has
the advantage of being readily available. We were able to collect systematic infor-
mation only on fertilizer input prices, and these are used to define (qj, - q*).
The development indicator (Yj,) used is constant-dollar per capita gross na-
tional product. Technical advances, T,, are represented by a time trend defined
by the calendar year of the study minus 1965. We also examined other country-
specific and development indicators including the labor share in agriculture and
the share of imports in gross domestic product. We considered relative gasoline
prices as an alternative imported input price. In all cases, these additional
measures were so highly correlated with the reported regressors as to add

3. One difference across studies is the definition of ce. Some studies appear to have used unadjusted
domestic input-output coefficients; others (for example, Harling 1981 and Stryker and others 1975)
have adjusted domestic observed Ca to reflect costs of production at world prices. This difference does
not invalidate the procedure that follows, as it is a manipulation based on the variables q and q*.
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Figure 1. Effective and Nominal Protection, Corn
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Figure 2. Effective and Nominal Protection, Cotton
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Figure 3. Effective and Nominal Protection, Rice
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Figure 4. Effective and Nominal Protection, Wheat

2.8

2.4

2.0

0~~~~~~

0~~~~~~0
0.~~~~~~~

1.2

cJI 0.8

0.4
0

0 0.4 0.8 1.2 1.6 2.0 2.4 2.8

Nominal protection coefficient



Conway and Bale 355

Figure 5. Effective Protection Coefficient and Country Level of
Development, Corn
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Figure 6. Effective Protection Coefficient and Country Level of
Development, Cotton
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Figure 7. Effective Protection Coefficient and Country Level of
Development, Rice
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Figure 8. Effective Protection Coefficient and Country Level of
Development, Wheat
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Table 1. EPC Approximation Equations
Coefficient Corn Rice Cotton Wheat

Bo (intercept) 0.37 0.09 -0.28 0.95
(1.48)' (0.47) (2.21) (1.74)

Nominal protection coefficientb
i31 (NPCijt) 1.20 1.17 1.05 0.80

(8.18) (8.90) (9.03) (4.11)

Input protection'
0 2 (qi, - qt*) -0.018 -0.029 -0.001 -0.07

(0.50) (0.97) (0.96) (0.80)

Country developmentd
)3 (Yj,) 0.004 0.03 0.02 -0.01

(0.28) (2.88) (3.35) (0.27)

Scalee

:4 (Q;,t ) -0.002 0.53 1.47 0.13
(0.15) (2.36) (6.22) (1.86)

Technology'
/3 (T,,) -0.05 -0.03 0.008 -0.06

(2.91) (3.30) (1.22) (2.57)

K2 0.70 0.88 0.92 0.70

F-value 16.45 33.7 66.5 17.2
Observations 34 24 30 36
Critical T value 2.05 2.10 2.06 2.04
Standard error

of estimate 0.32 0.16 0.12 0.40

a. T-statistics are in parentheses. The critical T value is defined for a two-tailed test with a 95 percent
confidence level.

b. NPC, the nominal protection coefficient, is the ratio of the domestic to world output price.
c. The relative protection of inputs to that of outputs, (q - q*), is based on domestic and world

fertilizer prices relative to output prices.
d. Y, the country's level of economic development, is proxied by constant-dollar per capita gross

national product (thousands of 1982 U.S. dollars).
e. Q, the indicator of economies of scale in production, is measured as aggregate country output of

the crop.
f. T, the indicator of advances in productive technology, is measured by the year of observation less

the base year, 1965.

unacceptable multicolinearity to the regression. The data sources and compu-
tations are detailed in appendix B.

We use least-squares regression to obtain estimates of the parameters I, and
these are reported in table 1.4

The estimates of the coefficients on NPC are all insignificantly different from
unity, as the unit coefficient on NPC in the Taylor expansion above suggested,
but illustrate as well the tendency for EPC to exceed NPC for corn, rice, and
cotton. Scale and development effects enter positively for the most part, consis-
tent with theoretical prediction if fertilizer inputs receive on average higher nom-

4. Specification of a regression equation in this way is not an indication of causality, but simply an
efficient way to characterize the partial correlations between EPCs and the readily observable variables.
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inal protection than output (as was true for the majority of our observations).5

These effects are significant for rice and cotton but not for corn and wheat.
The relative input price effect is negative but insignificantly different from

zero in all cases. This insignificance may reflect the fact that the direct effect of
protection of inputs in taxing the activity that converts inputs into outputs is
largely offset by the indirect effect of substitution away from the protected
inputs. The negative sign suggests the dominance of the direct effect.

The "vintage" effect is negative and significant in three of the cases, as theory
suggests. This vintage effect is not a statement that developed countries have
access to more advanced, import-using technology; the level of development is
accounted for by the inclusion of Y. Rather, it indicates that there has been a
diffusion in recent years of more import-using technologies, with low-income
countries recently having a greater access than in previous years. EPCS fall as a
consequence, because for constant input prices the domestic value added is
reduced.

These regressions reinforce the distinction between developing-country ex-
port crops (cotton and rice) and import substitute crops (wheat and corn). The
scale and development indicators play a more important and significant role in
the export crop equation, providing a more precise restatement of the difference
in EPC behavior noted in figures 5 through 8. The export crop equations are
also more precise in-sample estimators, as is evident in the K2 statistics and
standard errors of estimate. The precision of the in-sample EPC prediction is
measured by the standard errors of the estimates, and it suggests placing a
greater degree of confidence in approximations based on these equations for
the export crops.

A natural comparison, given the discussion above, is with the NPC's approx-
imation success. We derive an upper bound on the NPC's explanatory power by
regressing EPC on NPC and an intercept, and then comparing the explanatory
power of the non-NPC variables through use of an F test.6 The results are
reported in table 2. The non-NPc explanatory variables prove to be significant
additions to the NPC in approximating the EPC in all cases examined.

III. OUT-OF-SAMPLE TESTING OF THE EFFECTIVE PROTECTION

COEFFICIENT APPROXIMATION

The approximation equations of table 1 can be combined with readily avail-
able information to offer an estimate of the EPC that improves upon the simple
use of the NPC. They do so by identifying systematic covariation of unobserved
input-output coefficients with readily available indicators. The best test of the

5. Given the definition of domestic and world variables, the positive differential may be due to greater
transport costs as well as greater tariffs on fertilizer.

6. This is an upper bound for the NPC'S forecast power, for it in effect defines an approximation
equation SIO + *T NPC. Using the NPC as the predictor for the EPC sets 0 and ' = 1 and is found
to be less effective than using the estimated values of the parameters.
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Table 2. F-statistics for Significance of Country-Specific Variables
and Vintage Effects

Statistic Corn Rice Cotton Wheat

F-statistic 3.16 5.31 21.52 4.06
Critical F(4,n) 2.71 2.93 2.79 2.69

Note: n is the number of degrees of freedom. The F-statistics were calculated by comparing the
residual sum of squared errors from regressing EPC on NPC, and from regressing EPc on NPC, Q, Y,
(q - q*), and T in a Cbow test. The critical values reflect a 95 percent level of confidence.

policy application .of these explanatory equations is out-of-sample forecasting
of agricultural EPCS. Data on the NPC, EPC, and the other relevant indicators
used in our methodology are available for Turkey's agricultural sector in 1978;
these data were not included in the estimation data base. Using the forecasting
equations to predict EPCS yields the results summarized in table 3. Turkey at
that time had fertilizer subsidies exceeding 60 percent of the border price
(World Bank 1982a, p. 302), leading to large negative values of (q - q:).
Protective tariffs favored rice and corn production, with wheat receiving lower
nominal protection and cotton unprotected by tariffs. In each case, the approx-
imate EPC derived from the equations of table 1 improved upon the NPC alone.
As the calculations for corn indicate, however, there can remain quite large
gaps between actual EPC and the derived approximation. The estimation results
of table 1 predict that these gaps will be larger on average for corn and wheat.

These equations can also be used to approximate the changes in protective
incentives created by changes in input price subsidy programs. The resulting
estimates are long-term in nature, for they allow for the indirect effects of
changes in relative input protection on the technological coefficient, CZ, as well
as direct effects on relative input prices. For example, suppose that elimination
of fertilizer price subsidies for Turkey is proposed. Removal of these would
raise the values of (q - q:) reported in table 3 to -0.47, -0.26, 0, and
-0.18 respectively and lower the EPC approximation calculated from the
regressions of table 1. The statistical evidence suggests that removal of these
subsidies would in the long run reduce EPcs by relatively small amounts: rice

Table 3. Forecasting Turkish Effective Protection Coefficients
Variable Corn Rice Cotton Wheat

Actual Epc 2.51 1.88 1.06 1.49

Table 1 approximation 1.56 1.84 1.01 1.37

Turkish data
NPC 1.50 1.77 1.00 1.18
Scale, Q (107 mt) 0.13 0.03 0.05 1.68
Input protection, (q -q) -0.85 -0.40 -0.12 -0.59
Country development, Y = 1.37
Technology, T = 13

Note: See table 1 for definitions of the variables. See appendix B for explanation of variables'
measurement.
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and cotton EPCS would fall by less than 1 percentage point, corn EPC by about
1 percentage point, and wheat EPc by 3 percentage points.

IV. CONCLUSIONS

This article has derived and demonstrated a methodology for approximating
EPCS through the use of readily available information. The results will prove
useful to economists examining agricultural incentives in a country lacking farm
budget or input-output technological data. These results may also be used to
approximate the current EPC or to predict the effect of c,hanges in tariff or
subsidy policies on agricultural production incentives.

We recognize that in most cases the problem in calculatinrg EPcs is not that
input-output data are unavailable but that they are either out of date or calcu-
lated for another country. The choice facing an economist for Togo (for exam-
ple) may well be calculating 1988 EPCS either based upon 1970 Togolese input-
output coefficients or upon 1980 Ghanaian input-output figures. The equations
presented here provide a third, readily calculable approximation. They could
be useful, for example, in providing an approximation of the incentive effects
of tariff reductions negotiated by each country in the Uruguay Round of trade
negotiations. They may also be used to approximate the incentive effects of
cuts in tariffs or subsidies on tradable inputs. We suggest use of these approxi-
mation equations in concert with other measures of agricultural price incen-
tives, both as a check upon the accuracy of the other methods and as an
indicator of the longer-term effects of tariff and subsidy policies.

The quality of these EPC approximatiQns is limited by the availability of data.
The effectiveness of our methodology can be improved by extending the data
base to include both more agricultural EPC studies and relative-price differen-
tials for other important tradable inputs in agriculture.

Our research was motivated in part by the observation that existing EPC

studies now represent an important source of information on agricultural (and
industrial) pricing incentives. Our approximation equations represent a first
step in harnessing that information. The data collected from EPC studies and
other sources is available from the authors to those wishing to further this
work.
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APPENDIX A. DATA CHARACTERISTICS

Country Years Observations

Argentina 1965-69av., 1970-74 av. 2
Australia 1973/74-80/81 8
Canada 1975-77av. 1
C6te d'Ivoire 1972 1
Egypt, Arab Rep. 1971-76 6
Germany, Fed. Rep. 1972-75av., 1975-77av. 2
Mali 1972 1
Mexico 1966-70 5
Nigeria 1979-81 3
Pakistan 1965/66, 1970/71, 1975/76 3
Paraguay 1979-81 3
Philippines 1973-79av. 1
Senegal 1972 1
Thailand 1981 1
United Kingdom 1975-77av. 1
United States 1968, 1971, 1975, 1978 4

Number of
Commodity countries Observations

Wheat 10 36
Maize (corn) 10 34
Rice 8 24
Cotton 11 30

Note: Sources are given in appendix C. Australia and Pakistan report their data for agricultural years
(July-June), so the years are listed in pairs (for example, 1970/71). Some countries reported EPC and
NPC figures as averages for a number of years; these are indicated by the suffix "av."

APPENDIX B. DATA SOURCES

EPC.,t and NPCij, figures are drawn from the studies listed in appendix C.
Figures on gross national product in thousands of constant 1982 U.S. dollars

and population used to compute Yj, are drawn from the World Bank data base.
(This is the same base used to compute appendix tables in, for example, the
World Development Report).

The relative fertilizer price differential is calculated as

(q,, q,*) =(PFjt -PFt* NPC,,,)/P,-it

where PF.t is the domestic price of fertilizer, PFt the world price of fertilizer
(both per metric ton equivalent of nutrient), NPC,IV is as defined above, and Pt
is the domestic farm-gate price of output. PY, is drawn from FAO (various years).
Pij, is a country-specific index based upon domestic prices of different forms of
fertilizer weighted by percentage use in aggregate production, all drawn from
FAO (various years). PFt* is an index of prices taken from World Bank (1983),
weighted in a similar fashion and converted to home currency with official
exchange rates drawn from the World Bank data base.

The scale effect (QZj) is measured by the volume of output (in units of 107
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metric tons) of crop i in country j in time t and is drawn from FAO (various
years).

Vintage (T) is defined as calendar year of the study minus 1965. For obser-
vations with fiscal years different from calendar years, the initial calendar year
is used; if the observation is an average for a number of years, the middle year
is used.

Our compiled data base includes a number of variables not used in this
analysis. For documentation on the complete data base, contact the authors.

APPENDIX C. EPC STUDIES

Argentina: Reca, L. 1983. Argentina: Country Case Study of Agricultural Prices, Taxes,
and Subsidies. World Bank Staff Working Paper 386. Washington, D.C.

Australia: Industries Assistance Commission. 1983. Assistance to Australian Agricul-
ture. Canberra: Australian Government Printing Services.

Canada: Harling, K. 1981. "An International Comparison of Agricultural Policy: Can-
ada, the Federal Republic of Germany and the United Kingdom." Ph.D. dissertation,
Purdue University.

C6te d'Ivoire: Stryker, D., and others. 1975. "Incentives and Resource Costs in Ivory
Coast." Available from authors of this article. Processed.

Egypt: Cuddihy, W. 1980. Agricultural Price Management in Egypt. World Bank Staff
Working Paper 388. Washington, D.C.

Federal Republic of Germany: Harling 1981.
Mali: Stryker, D., and G. Shepherd. 1975. "The System of Incentives and Comparative

Advantage in Malian Agriculture and Industry." Available from authors of this arti-
cle. Processed.

Mexico: Yumiseva, H. 1978. "Mexico: Government Intervention on Agricultural
Prices." World Bank Agriculture and Rural Development Department, Economics
and Policy Division Working Paper 4. Washington, D.C.

Nigeria: Robertson, J. 1983. "An Analysis of Agricultural Trade and Subsidy Policies
in Nigeria." World Bank Country Programs Department Discussion Paper 1983-11.
Processed.

Pakistan: Gotsch, C., and G. Brown. 1980. Prices, Taxes, and Subsidies in Pakistan
Agriculture, 1960-1976. World Bank Staff Working Paper 387. Washington, D.C.

Paraguay: World Bank data.
Philippines: Bale, M. 1983. "Philippines: Agricultural Trade Policies, Resource Flows,

and the Competitiveness of Agriculture." World Bank Country Programs Department
Discussion Paper 1983-19. Processed.

Senegal: Stryker, D., and others. 1975. "Economic Incentives and Resource Costs in
Senegal." Available from authors of this article. Processed.

Thailand: Kim, H. 1984. "Financial and Economic Analysis of Farm Enterprise Mod-
els." Available from authors of this article. Processed.

United Kingdom: Harling 1981.
United States: Haley, M., and R. Thompson. 1983. "Effective Protection to U.S. Grain

Producers in the 1970s." U.S. Department of Agriculture. Available from authors of
this article. Processed. Also: Wipf, L. 1971. "Tariffs, Non-tariff Distortions, and
Effective Protection in U.S. Agriculture." American Journal of Agricultural Econom-
ics, 53, no.3 (August): 423-30.
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