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THE EFFECT OF DISTORTIONS IN RELATIVE
PRICES ON CORN PRODUCTIVITY AND
EXPORTS: A CROSS-COUNTRY STUDY*

DAVID C. LYONS
ROBERT L. THOMPSON**

Abstract

This paper tests the hypothesis that a significant part of the observed dif-
ferences in corn yields among countries can be explained by differences in
the corn-nitrogen price ratio. Evidence is provided that the farm level price
of corn relative to the price of nitrogen fertilizer varies greatly among countires.
The observed large differences reflect the price and international trade
policies that exist in the respective markets for corn and nitrogen fertilizer.
Pooled data from 14 of the largest corn producing countries for 13 years
show that the corn-nitrogen price ratio, as well as physical factors and
technology, account for a significant part of the observed corn yield dif-
ferences among countries. This provides evidence that policies which distort
corn and fertilizer prices have a significant effect on corn yields and in turn
on the net trade positions of the various countries.

The numerous policy-induced agricultural product and factor price dis-
tortions in different countries have led several recent observers to refer
to world agriculture as being in ¢‘disarray’’ (Johnson 1973) and in a
“massive disequilibrium’’ (Hayami and Ruttan 1970). They have argued
that the resulting differences in price relatives among countries distrot the
location of production of the various products and reduce the efficiency of
global resource allocation. There is abundant evidence in the literature
that farmers in all parts of the world readily respond to changes in product
price relatives by reallocating their land area among crops (For reviews
of the evidence, see for example, Krishna (1969) and Thompson (1975)).
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No. 45064, International Trade and U.S. Agriculture. The authors acknowledge the
helpful comments and criticisms provided in the course of the study by L. F. Bauman,
B. F. Jones, J. A. Sharples, G. E. Schuh, and J. W. Uhrig. However, any remaining
errors or deficiencies are the responsibility of the authors.

** David C. Lyons is a student at the Indiana University Law School and Robert
L. Thompson is Associate Professor in the Department of Agricultural Economics at
Purdue University.
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The aggregate effect of changes in factor-product price relatives on land
productivity or crop yields has been less studied. In the research reported
here an attempt was made to estimate the effect of policy distorted factor-
product price relatives across countries on the yield of the world’s third
most important crop, corn.

In Table 1 thé farm level price of corn relative to the price of nitrogen
fertilizer is presented for the 16 largest corn producing countries for which
data could be obtained.! Observe that the mean annual price ratio for
1961 to 1973 ranges from a low of 0.20 in the Philippines and South
Africa to a high of 1.69 in Yugoslavia. These large differences in the
ratio of the price of corn to the price of nitrogen provide prima facie
evidence that there exist substantial policy distortions in the respective
markets for corn and nitrogen fertilizer. Many governments restrict trade in
agricultural products and/or inputs via quotas, tariffs, or disequilibrium
exchange rates. In some countries the prices of purchased inputs such as
nitrogen fertilizer are subsidized. In others, small or out-moded domestic
industries which produce agricultural inputs are protected by import
restrictions. A number of low income countries pursue a ‘‘cheap food’’
policy in which the prices of staple commodities are held at artificially
low levels. Many high income countries artificially raise agricultural prices

TABLE 1 NaTtioNAL RATiOs oF THE PRrick or Corn 1o THE Price oF NITROGEN, 1961-

1973
Country " Mean Range
Yugoslavia 1.69 1.09-2.64
Thailand .92 .65-1.16
Colombia .67 .58- .85
Hungary .58 A42- .72
Brazil .52 .29~ .66
Pakistan 42 .29- .56
Canada .41 .25- .70
United States .38 23~ .85
France .33 27— .35
Italy .32 .26- .43
Spain - .31 27~ .39
Mexico .29 ’ .20- .40
Bulgaria .29 27— .32
Egypt .22 17- .31
Philippines .20 16— .26
South Africa .20 16- .23

Source: F.A.O. (1975) for 1961-1970, supplemented with personal correspondence with
F.A.O. for 1971-1973.

! Farm gate prices per 100 kg. of corn (sales price) and elemental nitrogen (purchase
price) in domestic currency are employed. This avoids any problem of selecting an
appropriate exchange rate for comparisons among countries. Prices for each
crop year are those prevailing at the time the crop was planted.



The Effect of Distortions in Relative Prices in Corn Productivity and Exports 85

via.minimum price programs and import restrictions. If the world market
were permitted to function freely and all countries allowed world prices
to be reflected undistorted in their domestic markets, the relative prices
of all goods and factors of production would be equal in all countries except
for differences associated with transportation costs.

Table 2 (column 2) illustrates the striking differences which exist
in corn yields among the 18 largest corn producing countries. Several of
these large corn producing countries including Argentina, Thailand, and
Yugloslavia have yields of only about the world average, which in turn
is only about one-half of the U.S. average. The corn yield in Brazil,
the third largest producer, is only about one-half of the world average
(26.7 quintals/ha.). The average yields in Mexico, the Philippines, and
Indonesia are all even lower, although these countries have much smaller
total areas planted to corn. Of course, even in the absence of price dis-
tortions, one should not expect corn yields to be equal across countries
due to differences in soils, climate, and technology. Evenson and Kislev

TABLE 2 Basic CorN STaTisTICS FOR THE 18 LARGEST PrODUCING COUNTRIES, 1973-
1975 AVERAGE

Domestic
Country Area Yield Production Net Exports Disappear-
ance*
(1000 (quintals/ (1,000 metric tons)
hectares) hectares)

U.S. 26197 51.9g 136134 33094 103040
P.R.C. 14000 21.59 30223 —837 31060
Brazil 10798 14.82 16000 1704 14296

U.S.S.R. 3545 30.72 10891 —6172 17063
South Africa 4486 20.99 9415 3081 6334
France 1942 47.59 9242 2774 6470
Mexico 7900 10.84 8567 —1726 10293
Yugoslavia 2332 36.70 8559 315 8244
Romania 3023 26.28 7946 —143 8089
Argentina 3119 25.22 7867 3633 4234
Hungary 1444 44.35 6404 1041 5363
India 6045 9.50 5742 —2 5744
Italy 898 57.28 5144 —4409 9553
Indonesia 2926 11.00 3217 165 . 3052
Canada 585 51.30 3001 —854 3855
Thailand 1128 23.05 2600 2165 435
Egypt 662 38.02 2517 —453 2970
Philippines 2951 8.39 2477 —99 2576

* Includes feed use, human consumption, industrial use, seed use, change in stocks

and waste.

Source: U.S. Department of Commerce, National Technical Information Service,
“Foreign Production, Supply and Distribution of Grains and Cotton,” Com-
puter Tape No. PB 232 065, 1976; or U.S. Department of Agriculture, Foreign
Agricultural Service, Foreign Agricultural Circular Grains, No. FG-9, May 1976.
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have provided evidence that these all are significant factors in accounting
for differences in corn productivity among the 49 countries in their sample.
However, they ignored the possibility that differences in relative price
among countries may also account for a significant part of the observed
differences in corn yields.?

It is hypothesized here that a significant part of the observed dif-
ferences in corn yields among countries can be accounted for by differences
in the corn-nitrogen price ratio. The objective of this study is to isolate
the effects of differences in this price ratio from other factors which vary
systematically among countries on corn yields.

Since many countries with sizeable land areas planted to corn cur-
rently have yields below the world average, a small percentage increase
in yield level (from whatever source) on their large land base can result
in a substantial increase in total production and, in turn, the exportable
surplus over domestic use. The secondary objective of the study is to
estimate the effects of yield differences induced by the price distortions on
net exports of corn in each of the countries studied.

In the next section a conceptual framework for analyzing cross-
country differences in corn yields is outlined. This is followed by the
statistical results of estimating a cross-country yield function. The results
are then used to simulate the effects of price differences on yield and in
turn on corn exports at historical area planted and domestic disap-
pearance levels. Implications are drawn in the final section.

Conceptual Framework

Any attempt to account for either temporal or cross-sectional differences
in agricultural productivity must assume (explicitly or implicitly) the
existence of some underlying production function. For present purposes,
assume a separable two-stage production function with four inputs:

() Y= F{(f(T.Ky), (L, K.)],

where 7" is physical output, 7 is the area of land in production, L is the
flow of labor services and K represents land-saving or augmenting capital
(embodying mechanical technology). Assume that L and K,, and T
and K, respectively, are highly substitutable, however the substitution
possibilities between subfunctions f and g are relatively low. That is,

? In their analysis of cross-country differences in aggregate agricultural productivity,
Hayami and Ruttan recognized the fact that relative product prices differ signi-
ficantly among countries. However, rather than attempt to account for the
““contribution” of this to observed productivity differences, they used a set of
constant price weights (the cube root of the respective product prices in the U.S.,
Japan and India) to aggregate total agricultural output in each of the countries
in their sample.
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agricultural production may be considered to be a combination of two
processes: a biological process, f(7, K;), and a husbandry function,
g(L, K.). In this analysis we shall focus on the biological subfunction
because of our interest in land productivity (or yield) and the fact
that mechanical technology tends to be only mildly yield increasing.

The investigation of productivity at the level of the biological pro-
duction process involves attempts to discover the relationship between
quantities of nutrient inputs and physiological growth under given
environmetal conditions.’ In principle we could think in terms of a
functional relationship which relates the yield of corn from a given area
of land to the amount of nitrogen, phosphorous, potash, micronutrients,
water, carbon dioxide, light, and heat absorbed by the plants. The functional
relationship would tell us how much yield would change if the amount of
any of the inputs absorbed changed.

The various inputs differ in their substitutability, and this would be
reflected in the mathematical form of the response function. Moreover,
in general different varieties of corn differ in their responsiveness to
variation in one or more inputs. This implies that there would be a dif-
ferent response function for each variety, and that the output per unit of
input would vary among the varieties for a given level of input or outputs.
This is important, for an important goal of plant breeding research is to
alter this relationship, especially in the direction of obtaining a larger
response to given levels of plant nutrients and water.

In this framework we can think of the soil’s role as that of physically
supporting the plant and of providing a conduit for water and nutrients
dissolved in the water to be absorbed through the plant’s roots. Since
soils differ in their capacity to do this, the yield of a crop grown in dif-
ferent soils, all other things held constant, may differ markedly.

For the physiological growth of a plant, water is required in its own
right, as well as a conduit for nutrients required for plant growth. In
nature this water is supplied by rainfall, which varies substantially across
climatic zones and within climatic zones over time (annual weather).
There is an optimum amount of water at each stage of plant growth. More
or less at any stage represents a movement along the biological response
curve. Different varieties of the same plant and different species of plants
have differing demands for water and drought tolerance. Productivity
of a given variety then varies with rainfall regimes as it does with soil
types.

While the distribution of light is fairly uniform around the globe,
its availability to plants does vary with the amount of cloud cover, This
affects both the intensity of insolation as well as the environmental

? The discussion which follows draws heavily upon Lyons (1977, pp. 62— 7:)) and
Schuh and Thompson (1975, pp. 15-22).
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temperature. Different species of plants have different optimum tem-
perature conditions for growth. In addition, variation in day length is an
important element in triggering various vegetative phases of certain
varieties and species of plants (photoperiod sensitivity). Plants which are
photoperiod sensitive require changes in day length to trigger certain phy-
siological processes, such as flowering. Photoperiod sensitivity limits the
degree to which certain plants can be moved across latitudes.

This brief discussion suggests that variable 7 in equation (1), which
was called “‘land,’” really represents a vector of inputs in the biological
production function including the inherent fertility of the soil and the
climate above it. The forms of captial represented by K, may augment the
naturally occurring availability of nutrients and water in the soil, as
through chemical fertilizers or irrigation, or alter the form of the response
function itself through plant breeding (embodied inimproved seed). To this
biological production relationship must be added husbandry practices,
represented in equation (1) by subfunction g(L, K,). In a primitive agri-
culture the services of the land with some labor input for planting represent
the principal inputs to which the crop output accrues. With some ad-
ditional labor input for weeding and pest control, yields may be increased
marginally, the returns to which accrue to that labor input. If a source
of water for irrigation is available which can be tapped by gravity flow,
additional output may be obtained by providing supplemental water in
dry periods. Additional labor may also be expended to collect and spread
manure, increasing the nutrient availability to the plants above that
inherent in the soil.

The important point to remember in this context is that the underly-
ing biological production function which relates plant uptake of nutrients,
water, etc. is unchanged. We are merely adding a husbandry function
through which greater labor input augments the naturally occurring
availability of inputs or affects the timeliness of their delivery to the
growing plants through the use of purchased inputs such as chemical
fertilizers, lime, and irrigation pumps. The use of herbicides and in-
secticides may also increase crop output. Each of these can be thought of
as contributing directly to output, in part by reducing crop damage and in
part by replacing labor to the extent that they reduce the amount of time
consumed in pulling weeds and manual insect control.

Mechanization is in some respects similar, whether it be animal or
tractor powered. It can be argued that an important part of mechaniza-
tion is purely a substitution for labor, permitting each member of the
agricultural labor force to cultivate more land. In general, mechanization
contributes little to land productivity growth in its own right, except as it
may improve yields due to more timely operations.

In addition to the input of physical labor, the human factor also
provides an important management or coordination role in orchestrating
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the whole production process. Management skills are required to combine
agricultural enterprises to make the most efficient use of a farm’s endow-
ment of land and labor. Welch has argued that the level of education of the
farmer (broadly interpreted to include both formal schooling and voca-
tional training of various kinds) has two basic effects in the production
process. These include a worker effect, which enables the worker to
obtain more output from the same bundle of resources, and an allocation
effect, by means of which greater output is obtained from an improved
allocation of resources. Viewed from this perspective, the contribution of
education is in enabling the worker to acquire and decode new information.
This effect of education gives rise to differences in observed productivity
among farmers in the same sense that differences in availability of new
production technology gives rise to observed differences in productivity.

This discussion suggests that observed cross-country differences in
corn yield are associated with differences in soils, climate, technology,
and management ability (or farmer education). The soil and climate
impose certain constraints on potential yield in any given geographic area.
Technology here is biologcal and chemical in nature. The former, which
is mainly based on plant breeding, includes higher yielding varieties,
disease and drought resistence, and the like. Chemical technologies include
fertilizer, lime, and pesticides. Irrigation may also be appropriately
included here since._ it alters the availability of water to the growing plants.
Management ability may influence the adoption of available technologies.
As a result, we may think of a family of fertilizer response surfaces, in
which the shifters include soils, climate, improved varieties, irrigation,
and level of farmer education.

As indicated in the introduction to this paper, this is where most
previous cross-sectional productivity studies have stopped. They have
either assumed relative prices constant (e.g. Evenson and Kislev) or have
employed a set of constant price weights for aggregating outputs and/or
inputs (e.g. Hayami and Ruttan). However, none known to the authors
have explicitly attempted to isolate the effect of differences in relative
prices among countries on observed productivity differences.

There exists abundant evidence in the literature that farmers around
the world attempt to allocate resources in a profit maximizing manner
(e.g. Schultz 1964, Chaps. 2-3; Hopper 1965; Yotopolous 1968), i.e. to
equate the value of the marginal product of each factor with its price in all
uses. Assuming this is the case, distortions in product: factor price relatives
will alter the marginal product and in turn the average product on any
given response surface.?

4 The relationship between average and marginal productivity of land, T, is: 2T
= 3Y/8T — Y[8(¥|T)|aT]. That is, the average productivity of land, 7|7, for any
given level of T, equals the marginal productivity at that level of T times the rate
of change in average productivity at that level (Simonsen 1971, p. 246).
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FIGURE I OpriMuM RaTEs OF FERTILIZER APPLICATION UNDER DIFFERENT RESPONSE
SURFACES AND PRiCE RATios
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This can be illustrated graphically in Figure 1 with two response
curves, R, and R,, which relate applications of nitrogen fertilizer to
corn yields per hectare, holding the quantities of all other factors of
production constant. Response curve R, may be higher than R, due to a
higher yielding variety, more favorable rainfall, more fertile soil, a higher
level of rural education, or the like. Two price lines, whose slopes equal
two different ratios of the price of nitrogen to the price of corn, P, and
P,, are drawn tangent to the two response curves. The price of corn is
higher relative to the price of nitrogen in P, than in P,. Assuming that
farmers seek to maximize profit, four different optimum levels of nitrogen
use and corn yields result, A, B, C, and D, depending upon which price
ratio and response curve one chooses.® This suggests that not only shifters
of the response surface, but also distortions in the price of corn relative to
the price of nitrogen may contribute to observed differences in corn yields
among countries. We know of no study which has attempted to isolate the
effects of relative prices from physical factors which vary systematically
among countries.

Two possible approaches to analyzing observed productivity dif-
ferences are suggested by the above framework. First, one could estimate
a cross-country corn production function including as arguments all pot-
ential shifters of the response surface among countries. By assuming profit
maximizing behavior, and parametrically varying the price of corn

5 Herdt and Mellor utilized a similar diagram in comparing the fertilizer responsive-
ness of rice varieties and the optimum rate of fertilizer application in India and the

United States,
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relative to the price of nitrogen fertilizer, the effect on the yield could
be calculated. This procedure is precluded, however, because the only
crop specific input use data which exist across countries are for land.
Alternatively, by assuming profit maximizing behavior, corn yield may be
estimated as a function of the corn: nitrogen price ratio and a vector of
factors which shift the response surface among countries, such as tech-
nology, climate and soils. To the extent that the production function is
separable between the biologcal and husbandry subfunctions, we may
limit the set of shifters here to arguments of only the biological subfunction.
This is the procedure followed in the present study.

Statistical Analysis

The argument in the conceptual discussion suggests that corn yield in a
given country at a given point in time, /T, can be expressed as: ¥/T
= G(P.[Py,R), where P_ is the farm gate price of corn, Py is the purchase
price of nitrogen fertilizer, and £ is a vector of factors which shift the
response surface among countries and through time.5 That is, & positions
the response surface, and P./P, moves the profit maximizing level of
fertilizer application and the associated yield level in and out along any
given response surface.

The set of & variables, arguments of the biological subfunction,
includes soil properties, climatic factors such as temperature and rainfall,
irrigation, and diffusion of improved varieties. Attempts to obtain time
series data and to construct indices of these variables across as many of the
principal corn producing countries as possible were unsuccessful.” There-
fore, in the absence of satisfactory data on the shifters of the corn response
surface among countries, the only way to hold these factors more or less
constant is via analysis of covariance estimates of the yield equation. In
the present context, the function is estimated for the entire pooled sample
of 14 countries and 13 years?® for which complete price data were obtained,
with separate intercept terms for each country. That is,

5 While it is known that phosphorous is an important fertilizer element in corn pro-
duction in certain countr es, e.g. France and Brazil, the initial inclusion of its price
in the analysis below led to no significant results in the estimations, and it was
dropped from the analysis.

7 As an indicator of technology the percent of the area planted to improved varieties
was defined. Complete data series on no country could be found. Boyce and Evenson
report the number of corn research publications by country; however, their data
are reported only in multiple year groupings which proved unworkable for our
purposes. An attempt was made to construct annual rainfall and temperature
indices for the corn growing period in each country. While it was possible to con-
struct indices, they proved too crude in practice to contribute to the explanat on
of observed cross-country yield differences.

United States, Canada, Mexico, Brazil, France, Spain, Italy, Hungary, Yugoslavia,
Egypt, South Africa, Pakistan, Thailand, and the Philippines, for 1961 to 1973.
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where D, is a dummy variable for each country other than the United
States in the sample, i =1, .. ., 13. That is, A represents the U.S.
intercept, and the estimates of ¢; then capture the pervasive differences
among countries in the omitted { variables and shift the response curve
of each other country accordingly relative to that of the U.S.* We do not
assume that all countries are drawn from the same universe, but rather,
employ statistical procedures to sort out their similarities and differences.

The omission of labor and capital, to reiterate, can be interpreted
in either of two ways: (1) the analysis is restricted to the biological sub-
function on the assumption that the husbandry subfunction is neutral
with respect to yield per hectare, or (2) it is assumed that systematic dif-
ferences among countries are picked up in the country-specific intercept
terms (or the error term). Random year-to-year weather effects will fall
in the error term, e. Also, due to lack of data on prices of competing crops
and other inputs, neither are included. To the extent that these vary sys-
tematically among countries, their effect will also be captured by the
country-specific intercept terms. Only if omitted variables are correlated
positively with the corn:nitrogen price ratio will that coefficient be biased
upwards (Griliches 1957). Otherwise, the dummy variables should reduce
the likelihood of specification bias in the estimate of b. Therefore, while
the omission of specific data on shifters of the corn yield response surface
due to lack of data is regretable, the importance of the omitted variables
should not be exaggerated.

The parameters of equation (2) are estimated by ordinary least squares
in natural logarithms:

(3) ln(%):lnA—l—bln(%)—i—icilnDi—]—lns.
N 1=1

(Each dummy variable takes on the value of 1 or e since In =0 and in
¢ = 1.) The time series of 13 years of data on relative prices and yields
in each of the 14 countries are pooled, making a total of 182 observations.!°

The statistical results are summarized in Table 3. Overall, the statis-
tical results appear very satisfactory The R? was 918 and all coefficient
estimates are significantly different from zero at at least the .0005 level,
except for France and Italy’s intercept shifters which are significant at
the .01 level and Canada’s intercept shifter which is not significant at

¢ This procedure was utilized by Timmer and Falcon in their cross-country study
of Asian rice production and trade. It was originally used in the agricultural eco-
nomics literature to correct for “rnanagement bias” in production functions due to
the omission of this nonobservable input. See Griliches and Mundlak.

10 Data sources were identified above in the footnotes to Tables 1 and 2. .
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any acceptable probability level. The significant negative signs for all
countries but Canada’s intercept shifters imply that the corn response
surfaces of all those countries lie significantly below that of the U.S. They
are ranked in decreasing order in Table 3 from Italy which lies closest
below the U.S. down to the Philippines with the lowest response surface
in the sample of 14 countries. It should be emphasized that while these
results provide fairly strong evidence concerning the relative positions
of the respective response surfaces, the dummy variables, of course, do
not explain anything. Further data collection and analysis is needed to
identify and estimate the relative importance of the factors accounting
for the different positions of the surface in each country.

The estimated coefficient of the ratio of the price of corn to the price
of nitrogen fertilizer is 0.22, and is signficantly different from zero at the
.0005 level. This suggests that as the ratio of the price of corn to the price
of nitrogen fertilizer rises by one percent, the average yield of corn per
hectare increases 0.22 percent. The significance of this coefficient is note-
worthy because few previous crop supply studies have succeeded in
cstimating significant yield response to changes in relative product/factor
prices. Here we find a very strong and significant effect. The likely explana-
tion is that there exists a much greater variation in both the yield per
hectare and in the price ratio when the data from the cross-section of
countries is pooled, than within a sample of data from only one country.!!

We conclude that the estimated yield equation establishes a relation-
ship between corn production and the price of corn relative to the price
of nitrogen in the sample of 14 countries. The equation can be used to
predict what the yield of corn would be in each country at any given
price ratio, given its intercept. To estimate the change in corn yield in
each country as the corn to nitrogen price ratio changes, the ratio was

1t It should be borne in mind that this partial analysis of covariance specification
forces each country to have the same price coefficient (while permitting each to
have its own intercept). In principle, the assumption of a common price coefficient
across countries is a testable hypothesis—either by estimating a separate response
equation for each country, or by estimating a full analysis of covariance model in
which country-specific slope shifters are also included. The latter, which is equiva-
lent to estimating a separate function for each country, was attempted here. The
price coefficient increased from 0.22 to 0.28; however, certain estimated intercept
and slope shifters took on implausibly large values (both positive and negative).
It appears that likely measurement errors in the observations are too large to
permit estimation of the influences of variables for countries within which the
ranges of data variation are relatively small. While the full analysis of covariance
estimation provided mixed evidence on whether the price coefficient is uniform
across all countries in the sample, we conclude that this basic assumption cannot
be adequately tested with the presently available data. All that can be claimed is
that differences in corn productivity among countries can be explained well with
this assumption.



94 Fournal of Rural Deveiopment

TABLE 3 SratisticAL ResuLts oF EstiMATING THE Cross-CountRy CoRN YIELD

EguaTion
Variable Parameter Estimate t-statistic
A (constant) 4.09 46.04
P /P, 0.22 3.13
Dummy Variables:
Canada 0.01 0.12
Italy —0.16 2.15
France —0.17 2.26
Egypt —0.27 3.39
Spain —0.48 6.52
Hungary —0.54 6.69
Yugoslavia —0.89 6.88
Thailand —1.02 10.45
South Africa —1.07 12.78
Brazil —1.34 17.29
Mexico —1.48 19.97
Pakistan —1.51 20.37
Philippines —1.75 21.05
R? 918

parametrically varied from 0.1 to 2.0 in units of 0.1. The calculated yield
levels for selected price ratios are presented for each country in Table 4.
The range of price ratios used in these simulations brackets the ratios
observed in the sample of countries. Over the period 1961 to 1973 the
mean price ratio in each country ranged from a low of 0.20 in the Philip-
pines and South Africa to 1.69 in Yugoslavia (Table 1).

These simulations suggest that there exists substantial corn yield
response to changes in the price of corn relative to the price of nitrogen
fertilizer in the sample of 14 countries. This suggests that policy induced
distortions in the price ratio do have a significant impact on observed
corn yield differences among countries. Table 4 focuses attention on the
more interesting question from a policy viewpoint: given their respective
response surfaces, what would be the corn yield in each country if the
farmers in all countries confronted the same price ratio, rather than the
different ones observed as a result of distortions due to differing national
agricultural and fertilizer price policies. For purposes of comparison,
consider the effects if all countries confronted a price ratio of 0.40, which
was approximately the average price ratio in the U.S. over the period.
(No suggestion is made here that relative prices were not distorted in the
U.S. during the period). At a price ratio of 0.4, the predicted corn yield
in Yugoslavia, which had the highest average price ratio (1.69) is only
20.0 quintals/ha. (60 percent of its observed 28.9 quintals/ ha.). On the
other hand, the predicted yields for South Africa and the Philippines,
which had the lowest observed price ratios (0.20), were 16.8 and 8.5
quintals/ha., respectively, at a ratio of 0.4. These yields are 8.5 and 14.4



TABLE 4 SmMurLATED YIELDS OF CORN AT DIFFERENT AssuMED RATios oF CorN TO NiTROGEN FERTILIZER PRICES

(quintals per hectare)

P./P, U.S. Canada Mexico Brazil France Hungary Spain Italy Yugo- Paki-  Thai- Philip- Egypt South
slavia  stan land pines Africa

.20 41.93  41.93 9.5¢ 1098 3537 2443 2594 3573 17.22 926 1512 729  32.01 14.38
40 48.83 4883 1112 1279 4120 2846 3022 41.61 2005 10.79 17.61 849 3728 16.75
.60 53.39  53.39 12.15  13.98 45.04 31.11  33.04 4550 21.92 11.79 19.25 928 40.76  18.3t
.80 56.88 56.88 12.95 14.89 4799 33.15 3520 4847 @ 23.36 12.56  20.51 9.88 4342 19.51
1.00 59.74 59.74 13.60 15.6¢ 5040 34.81 3697 50.91 2453 1320 21.54 10.38 45.60 20.49
1.20 62.18  62.18 14,16 16.28 5246 36.24 3848 5299 2554 13.74 2242 1081 4747 21.33
1.40 6433 6433 14.64 16.84 5427 3749 39.81 54.82 2642 1421 2320 11.18 49.11  22.07
1.60 66.25 66.25 1508 17.35  55.89 38.61 4099 56.45 27.21 14.63 23.89 1151 5057 22.72

1.80 67.99 6799 1548 1780 57.36 39.62 42.07 57.93 27,92 1502 24.52 11.81 51.90 23.32
Average

1960-1975 47.53 48.83 10.36 13.67 41.35 32,92 30.29  42.29 28.89 10.96 21.50 7.42 33.28 15.44
Yields
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percent above their respective observed yields. The difference between
their predicted yields at price ratio 0.4 is, of course, due to the fact that
the Philippines’ estimated response surface is much lower than that of
South Africa.'? These results illustrate that both the position of the corn
response surface and the ratio of the price of nitrogen are significant in
accounting for observed differences in corn productivity among countries.
In the next section implications are drawn from this for world trade in corn.

Effect of Price Distortions on Net Exports

As indicated in the introduction to this paper, a number of countries
with large land areas planted to corn have relatively low yields. A small
percentage increase in yields, whether from a shift in the response surface
or from a change in relative prices, could result in a large absolute in-
crease in total producton and, in turn, the exportable excess over domestic
disappearance.’® In this section, the yield simulations presented in Table
4 are used as the basis for analyzing the effect of distortions in the corn:
nitrogen price ratio on the excess supply of corn from the respective
countries. For sake of illustration it is simply assumed that the area planted
to corn and the volume of domestic disappearance in each country remain
constant at the mean annual levels observed during 1960-75.'* This
procedure should produce an underestimate of the export supply response
to changes in the price of corn relative to the price of nitrogen since an
increase in the price of corn relative to other products would be expected
to increase the area planted to corn and to decrease the quantity of corn
consumed domestically. The results are presented in Table 5. The bottom
row of figures in the table presents the 1960~75 mean observed net exports
of corn from each country in the sample. This is presented to facilitate
comparison and to judge the plausibility of the calculated levels.

These simulations suggest that there exists substantial corn export
supply response to the price of corn relative to the price of nitrogen in

12 The yield levels simulated here should not be interpreted as forecasts of corn
yields at any certain price level. Rather, they should be considered as suggestive
of the potential yield levels in each country at different price ratios. Year-to-year
variability in weather conditions alone would surely negate the predictions in
any given year. Rather, the purpose is analytical and should only be taken as sug-
gestive of the relative magnitudes among countries.

13 Given the large market share of the United States in the world corn market, many
other countries could increase their corn exports by a fairly large percent without
appreciably lowering the export price received.

14 This procedure was followed by Timmer and Falcon (19752) in their study of the
Southeast Asia rice economy. The data collection, which would have been neces-
sary to econometrically estimate the price elasticities of area response and of
domestic demand in each country studied was beyond the scope and resources of
this study. (See, for example, Timmer and Falcon (1975b)).
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the sample of 14 countries and that even traditionally deficit countries
might attain self-sufficiency in corn in response to a higher price of corn
relative to nitrogen. Table 5 shows that in the export simulations, every
country in the sample except Spain, Italy, and Yugoslavia becomes a net
exporter of corn at some price of corn relative to the price of nitrogen
fertilizer less than 1.7 on the basis of yield response alone.

The same information contained in Table 5 is presented graphically
in Figure 2 in the form of excess supply curves for corn in each country.
The shapes of the respective excess supply curves are determined by
differences in the intercept of the yield response function, as well as in
the area planted to corn and the volume of domestic consumption. The
curves of countries with relatively small areas but large consumption,
such as Italy and Spain, rise rapidly and they do not become net exporters
at any price ratio despite their relatively high response surfaces. On the
other hand, exports from a country like Brazil with a very low response
surface, but a very large area and small domestic consumption rise rapidly
as the price ratio increases.

The price ratio at which each country switches from being a net
importer to being a net exporter provides a crude measure of the com-
petitive position of the respective countries in the world market.’* For
those countries which only become self-sufficient in corn at relatively
high price ratios to become corn exporters would almost certainly require
shifting their response surfaces upward. Countries which have been very
close to self-sufficient at historical prices would find that a marginal
increase in the price ratio would turn them into net exporters instead of
net importers.

The average aggregate level of net exports from the 14 countries in
the sample during the period 19601975 was 17,248,000 M.T. According
to the simulations this level of net exports would occur at a price ratio of
426 if the farmers in all countries confronted this price ratio. As shown
in Table 1, 10 of the 14 countries had average prices below this during
1961-1973. They were: the U.S., Canada, Mexico, France, Spain, Italy,
Pakistan, Philippines, Egypt, and South Africa. Only Brazil, Hungary,
Thailand and Yugoslavia had higher average relative prices.

By increasing the relative price ratio 14.8 percent from 0.426 to 0.50,
the calculated level of total net exports from the 14 countries increases

15 This is only an absolute advantage argument and implies nothing about the
locus of comparative advantage in corn production. One approach to analyzing
comparative advantage would be via a large mathematical programming model
of world agriculture which permits simultaneous resource adjustments among all
products. A much simpler approach would be through calculation and comparison
of the domestic resource costs of corn production in each country. See Evenson and
Valentini for treatments of the role of technological change in shifting the locus
of agricultural comparative advantage.



TABLE 5 Swmuratep NET Exprorts oF CorN AT DIFrERENT AssuMED RaTios oF CoRN T0 NITROGEN FERTILIZER PRICES

Hun- Spain Italy Yugo- Paki- Thai- Philip- Egypt South Total
P./Py U.S. Canada Mexico Brazil France gary slavia  stan  land pines Africa (14
Countries)
(1000 Metric Tons)
.20 4704 —934¢ 762 —1817 476 —984 —2306 —4661 —3149 —129 877 —85 —280 1442 -—7608
40 21406 —669 385 —129 1220 —457 —2099 —4063 —2459 —42 1045 193 74 2475 16880
.60 32424 —494 1141 984 1711 —109 —1963 —3669 -2003 16 1156 376 307 3156 33033
.80 40859 -360 1720 1836 2087 157 —1859 —3367 —1655 60 1242 516 485 3677 45398
1.00 47780 —250 2195 2536 2395 376 —1773 —3120 —1369 96 1311 631 631 4105 55544
1.20 53692 —156 2601 3133 2659 562 —1700 —2908 —1124 127 1371 729 757 4471 64214
1.40 58879 —74 2957 3657 2890 726 —1635 -—2723 —910 154 1423 816 866 4791 71817
1.60 63517 0 3275 4126 3096 872 —1578 —2557 718 178 1470 893 964 5078 78616
1.80 67723 67 3564 4551 3284 1005 ~—1526 —2407 —544 200 1513 963 1053 5338 84784
Mean
1960-1975 18139 —648 —122 769 1924 249 —2095 —4160 189 —28 1330 —23 —226 1950 17248
Net Export
(actual)

* Positive levels are exports; negative levels are imports.
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31.9 percent from 17,248,000 to 22,748,000 metric tons. If the ratio
increases 20 percent further from 0.50 to 0.60, calculated net exports
rise 45.2 percent more to 33,033 metric tons. These results suggest that
there exists considerable potential for increased net exports in response
to changes in the price of corn relative to the price of nitrogen.

It is of particular interest to the U.S. to examine the implications
of the model for producing countries which compete in the export market.
Eight countries in the sample had average price ratios lower than in the
U.S.: Mexico, France, Spain, Italy, Pakistan, Philippines, Egypt, and
South Africa, and five had higher price ratios over the period: Canada,
Brazil, Hungary, Yugoslavia, and Thailand. Of these, France, Thailand,
and South Africa have been important competing exporters. This suggests
that France and South Africa would be larger net exporters if their farmers
confronted the same price ratio as American corn growers. Thailand and
Brazil would be smaller net exporters at American prices.

The area in corn production in Brazil is second only to the corn
area of the U.S. One would expect that with such a large area in corn
production Brazil would become an important exporter if its average yield
increased significantly. These results suggest that this is unlikely to happen
at the U.S. price ratio without shifting Brazil’s corn response surface
upwards.

Philippine and Egyptian farmers confronted very low prices of corn
relative to prices of nitrogen, and both countries were marginal importers
over the period. At the U.S. price ratio the model suggests both would
be marginal exporters. Yugoslav farmers confronted the highest price of
corn relative to the price of nitrogen in the sample, about 4.5 times the
U.S. price ratio; at U.S. prices Yugoslavia would be a large importer.
Hungarian relative prices are also higher than in the U.S., and it has
historically been a minor exporter of corn. At U.S. prices, the model
suggests Hungary would be a net importer.

Note that at the highest price ratios in Table 1, after the U.S., the
next largest net exporters of corn in order are: South Africa, Brazil, Mexico
and France, followed at a substantially lower volume by Thailand,
Hungary and the Philippines. That is, at the highest yields, which ac-
company the higher price ratios, the countries with the largest areas
planted to corn become the largest exporters.

Before leaving this section, it needs to be emphasized that, as with
the yield simulations, the levels of net exports generated and presented
in Table 5 should not be interpreted as forecasts of the levels of trade at
the respective relative prices, but should only be considered as suggestive
of the size of the potential levels of net exports from each country, given
different price ratios of corn to nitrogen fertilizer.
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Conclusions

The results indicate that the price of corn relative to the price of nitrogen
fertilizer is a significant factor in accounting for observed differences in
corn productivity among countries. This implies that government policies
which change the price of corn relative to the price of nitrogen fertilizer
do affect the level of corn production and in turn the volume and direction
of trade. The results are consistent with previous studies which demonstrate
that the position of the corn response surface differs significantly among
countries. This study was unable to estimate the relative importance of
the specific shifters of the response surface among countries. However,
to the extent that the shift elements can be brought under man’s control
through investment and research, government policy may raise corn pro-
ductivity and net exports at a given price ratio.
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