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AGRICULTURAL EXPORTS OF DEVELOPING
COUNTRIES: ESTIMATES OF INCOME AND PRICE
ELASTICITIES OF DEMAND AND SUPPLY

N. Islam and A. Subramanian*

This paper provides new evidence on income and price elasticities of
demend and supply of agricultural exports from  developing
countries, on the basis of (a) a consistent and fully specified supply
and demand maodel, and (b) statistical estimaiion procedures not
frequently used in the estimation of agricultural export functions.
Estimates of nrice and income elastcities of demand for aggregate
agricultural exports for all developing countries taken togetner — as
distinet from individuai exporting cowntries — are found to he low;
moreover, export price as distinguished from non-price factors plays
a relatively insignificant role in increasing export supply. Ience, an
attempt by all developing countries 1o expand traditional agricultural
exports with low price clasticity of demand may not yield rising
earnings for all; but in fuct may result in falling export revenues.
Insofar as individual exports of all developing cowitries (not
individual countries) are concerned, income and price elasticities of
demand for such tropical commodities as tea, coffee, cocou and
banaras are also found 10 be low, except for new, non-traditional
exports like  pineapples. This ndicates  the importance  of
diversification of agricultural exports as « vehicle for their future
growth.

Introduction

Much has been written about the need for appropriate price and exchange-rate
policies for promoting agricultural exports of developing countries. The
reletive importauce of price and non-price factors has been debated. Also
relevant is the distinction between individual and aggregate agricultural
exports in respect of their response to prices and other relevant policies.
Although supply constraint rather than external demand constraint has often
been considered an important factor in inhibiting the growth of agricultural
exports of developing countries, much of the debate on these issues hinges on
the adequacy of empirical evidence on the quantitative significance of various
factors affecting supply and demand for agricultural exports. The magnitude of
income clasticity of demand determines whether growth in developed
countries can provide a boost to the exports of developing countries; the size of
price elasticity of demand determines how shifts in export supply will affect

* Nurul Islam is a Senior Research Adviser at the International Food Policy Research Institute,
Washington, D.C.. and Arvind Subramanian is currently at GATT, Geneva.
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export revenues: finally, the export supply function indicates the relative
influence of relevant price and non-price factors and associaied policies in
stimulating the supply of exports.

The responsiveness of agricultural eXports to price and income changes in
export and world markets has been estimated in the past. Recent examples
include works by B. Balassa. 1. Reidel and M. J. Lord. However, price
responsiveness of exports is often analysed without differentiating supply from
demand response and many models do not spectty supply and demand
relationships clearly and separately. Noris sutticient account taken of lags in
the response of demand and supplyto price changes,.

This paper first specifics & model of supply and demand relationships for
agricultural exports in clear and consistent manner. Scecondly, it uses new data
and a statistical estimation procedure which enables us w derive a set of
ctficient, unbiased and stable estimates of coefficients for the supply and
demand functions.

Following Goldstein and Khan (1985, pp-1044-1050) . the demand for
developing country exports is held 1o depend on the incomes of importing
countries (in our context the developad countries) and on the relative prices of
the exports of developing countrics in the markets of importing countries.
Thus,

NP =t oY 4 afP = P*) (1)
where Xb = demand for developing country exports

Y* = combined real GNP of developed market economies in 1980
dollars

P, = dollar unit values of developing country exports

P* = price level (measured by the GNP deflator) of developed
countriesind. Hars

P, = P" = relative price of exports

In this and el subsequent cquationsall variables are expressed in ogarithms,
The expected signs are «, 2> trand o where these measure respectively the
meome and price elasticity of demand for developing country exports,

Equation (1) assumes (a) impertect substitution between the imported and
domestic commadities i general, and (b) homogenceity of demand, which
results - real ancome and’ relative price both appearing as independent
variables. Thus, 1o the extent that developed countries also produce the
commadities exported by the devdJoping countries and compete with them., the

oA troubling teature ot Many specications of export emand functions s the presence ot g
relatve price termi 1 Po where PLrsthe price ot compeniton's exports thisapplies onls to g
ereater-than-two-countey worldy This term appeats either anstead ot the ane shown i
cquation (1 as in Goldstem and Khan CH970) or i addition 1o 11, aon Bond (1985) The term
v an odd one becquse it constramns the response of demand to changes i the price of both
goodstobedentical and does not atlow o impetfectsubstitution betw een imported products
and domestic poods

A moreappeabngand penceral spedcihication wouid be

NV by Y G, Py T N

This speattication allows tor dittening responses and a cheek for identical responses s casily
made asarestricion oy - G anthe above formulaton
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relative price of the commodities produced at home ought also to enter the
equation, with a coefficient a;(>0) which can be expected to be different from
a, if there is imperfect substitution between imported and domestically
produced commoditics.

X" =+, Y+ oy (P=P*) + ay (P! = P*) (1a)
a, >0, o F-wg

where P = price of domestically produced commodities competing closely
with developing country exports.

If domestic prices (P?) are not available, P¥ would have to be suitably
maodified in (1a) above.

Second, the dependent variable should ideally be the quantity of exports
from developing ro developed countries. In the absence of ready access to such
detailed (direction of trade) data, particularly at disaggregated commodity
level, total agricultural exports of developing countries, excluding fishery and
lorestry products, has been used as the dependent variable. If the directional
(from developing to developed) export is cither a multiplicative or an
exponential constant of total exports then the parameters can be inferred. + 1f
the above does not hold, then (1) will suffer from a specification error, biasing
the estimates ol coefficients.

These two points together imply that tor tropical commeodities where almost
all exports go to developed countries and where developed countries do not
produce stgnificant quantities of them (the latter corresponding broadly to
non-compeiing exports), equation (1) will provide better estimates than for
commaodities where cither developing countries themselves account for a large
share of imports or where developed countries are large producers ol these
commodities. (This is confirmed ater by the better results obtained for
individual tropical products).

The supply of exports from developing countries is considered to be a
function of two sets of variables: first, export price and long-term trend factors
including changes in technology and infrastructure, affecting long-term
comparative costs of export supplies: sceond, short-term factors such as
pressure of variation in domestic demand and sudden changes in domestic
production, affecting short-term variations in the availability of export supplics
from year to year. These two sets of variables have different implications for
short- and long-term export policies.

Thus: X*= 3, + B, (P,.=P) + Byt + B;(5—5) + B, (D-D) (2)

where P = price level (measured by the GNP deflator) of developing countries
in dollars.

- A~
t This can be seen as follows: let directional exports X, = 6,\’," where & is a known constant and X¢
is total exports. A regression in logs of X4 = g + o) Y* + ay(P — P*) yields parameter
estimates of oy and a identical to (1);if X, = X', then the regression yields parameters equal
1o a6, /b, and ay/6.



224 N. ISLAM AND A. SUBRAMANI A~

P, =P =relative prices of exports

t =time trend
(S-S) = supply shock measured as the deviation of actual frroduction from
trend

(D=D) =demand pressure measured as the deviation of GNP from trend.

The relative price term in equation (2) is included to capture the relative
profitability of producing the good for export. By is thus the relative price
clasticity of export supply. which is expected to be positive.

The time trend s included to take account of the factors such as factor
supplics, infrastructure and factor productivity which cause the supply curve to
shift over time. 32 is expected to be positive (there could, of course, be secular
shifts which work negatively as well).

The term (S=38) is associated with the effect of random shocks in supply on
exports, under the assumption that such shocks cannot affect the foreign price
of the product. This is in accordance with a kind of vent-for-surplus’ theory of
exports in that export supply is driven by random variations in production
mainly due to agro-climatic réasons, characteristic of agriculture in developing
countries. B, is therefore expected to be positive. (S=9S) wis obtained as the
residuals from a regression of developing market cconomies’ agricultural
productionon time.

Domestic demand pressure (D=D) for exportables in developing countries
mereases the profitability of selling in the domestic market rather than in the
export markets. When domestic income and. therefore, domestic demand rise
above the trend level thereis an inerease in the relative attractiveness of selling
with domestic marketas compared with the exportmarket which, in any case,
carries the pereeption of higher risks in the minds of producers or traders. As
the pressure of domestic demand increases, resources tend to be diverted away
from export production and long delays occur in deliveries tor export market
(see Goldstern and Khan (19853). p- 1061 (D =D) was obtained as the residuals
from a regression of developing economies” GNP on time. 8, is expected to be
negative,

The supply-shock variable and the demand-pressure variable (especially the
latter) could be correlated with the relative price variable. To that extent there
may be estimation problems (discussed later). but on theoretical grounds all
three variables need to be included separately.

The starting point for the estimation of cquitions (1) and (2) is an
autoregressive distributed fag (ADL) formulation since relationships between
cconomic variables are necessarily dynamic, Two importanit factors that lead to
dynamic relationships are adjustment costs and expectations about the future
course of variables. At the same time, however, to the extent that cconomic
theory does not specify the lag structure of this dynamic process, the ADL
formulation is a natural choice.

In this paper, models with lagged dependent variables are catled distributed-
lag models. wherceas those with lagged variables, both dependent and
independent, are called autoregressive distributed-lag (ADL) models. The
distributed lag is one formulation of the restrictive version of the general ADLL
model.

Because  of its  profligate parameterisation  and  the  presence  of
multicollinearity, an ADL formulation in unrestricted form is likely to yield



AGRCULTURAL EXPORTS OF DEVELOPING COUNTRIES 225

inefficient estimates of individual coefficients. Hence a more parsimonious

arameterisation which includes a limited number of lags, i.e. restricted ADL,
1s attempted. However, to ensure that this parametensation (which s
essentially a series of coefficient restrictions) is a valid one, it is tested against
the unrestricted ADL model.

‘The indexes of statistical adequacv of the estimation procedure v/hich were
uscd are: (1) a test for absence of autocorrelation in the error process; (2) a test
for the validiiy of the insuments used, wherever instrumestal vatabins are
empioyed in the estimation procedure; and finally, (3) o test for the stability
(overtime) of the parameter estimates throngh parameter-stability tests.

The Model for Estimation

Recasting equations (1) and (2) in unrestricted ADL. form, the fotlowing
equations result. For the choice of length of “.gs of the unsestricted ADL
model, itis generally recommended to use a lag length of 4-5 for quarterly data
and 2 for annual data (Henry et af (1984)). Since we use annual data, a lag
length of 2isused in estimation.

XP=w, +a, Y bapY!  +a, Y o+ a (P =P*) + an(P-P%),
+ o (P, =P*), 3+"‘\1X|Dz'(h.vxlu): (1%)

X? = B+ By (P."P)x + [51.'([)\"[)'~ s ﬁn(P\“P)« 2k B.t+ By (S_§ )u
+ ﬁl:(s—g )[  + B”(S—g >' ;'*' V)u ([)_l_)); + ‘5,13([)-r) )| |+ ﬁu(D-'_D)l 2
+ ﬁwxx\ t B&"'? ! (2*)

Equations (1*) and (27) are the so-called structural relationships; if an
cquilibrium condition of the form X;" = X} = X, is imposed, then the reduced
formscan be derived. Forexportquantity. thisis:

X,= 0,0+ 0,Y tOLY!  tOY! 0O, (P =P, + 0, (P=P*), .
FOLP=P) 4 OL(P=P), .4+ Ot +0,(5=S),+0,(5-S), ,
+ 00 (5=S), -+ 0, (D=D), + 0, (D=D), |, 9. (D=D), ,
FO(P=P7), + O, X, |+ 0OLX, 3

where (P=P*), = ratio of GNP detlators of the exporting and importing
countries. In a purchasing power parity sense. (P=P*), can be
considered us arealexchange rate.

A similar reduced form tor P, can be derived. In equation (3) the O's are
functions of the various structural parametersin (17) and (2*). One important
point needs to be made. If equation (3) is estimated inits unrestricted ADL
form. the correct price variable to enter the right-hand side are the current (P—
P*)and lagged valuesof (P —P* ) and (P~ P)t.

In our analysis we estimated the structural forms (1') and (2*) using the

instrumental variables (1V) method. The results are compared with those
obtained from ordinary least-squares estimation procedures.

t M lagged values of (P - P*yare used, then this amounts to a set of coefficient restric dons, viz:
Oy = =0y and Oy = - Oy Setting Ox = = Oy, vields in equation (3), Oy, ((P—P*) . ~
(P.—P), )= Oy (P-P*), | whichisthe one period lagged (P-P*). Similarly for the second
lag.
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Data

Data on aggregate developing country agricultural exports, both aggrepate and
individual commodities (quantities “and unit values), were obtained from
FAO's AGROSTAT data base. Data on aggregate incomes (in constant
dollars) and GNP deflators of developed and developing countries were
obtained from the UN National Accounts Statistics. In all our analyses the data
pertain to market cconomies only, both developed and developing, excluding
centrally planned economices.

Estimation Results

We first examined the structural cequations (1) and (2*) for roral agricultural
exports of developing countries over the period 1962-1983.

Ourpreferred estimates for the export demand function were:+

Ne=4 84 043X, 0365, = 0.02(P =P*), = 0.05DUM, (DI)
(1.95) (2.20) (3.16)  (0.173) (1.83)

R:=0.951.6=06.03 = 73.01
/‘I = 4“'./.\ = ’1 I‘\’

and

Ne=2.60+ 044X, | +033Y +0.12(P,- P*), | = 0.0600DUM, (D2)
(L15) (2.33) - (2.8)  (1.15) (3.31)

R:=09533.5=0.029.F =71.69
2, =459, 7. =017, 7. =1.27

The figures in brackets are tstatistios and DUM, is a dummy variable for oil
shocks which takes onavalue of 1 for 1974, 1975, 1979 and 1980 and a vilue 0
for all other vears. R and ¥ are conventionally reported statistics. & refers to
the standard error of the equation. 7, is the Lagrange multiplier statistic to test
the autocorrelation in error. 7. is the Lagrange multiplier statistic to test the
validity of the instruments used in the simultancous cyuation procedure. 7 is
the Chow stability statistic to test the structural change during the sample
periodi.

FoAnstruments used Y7L Y LN, - DUMand R

+ Under the null hvpothesis of no autocorrelation. osdistibuted as U wath 2degrees of treedom
(Engel (1984) 2 Under the nul hypothesis that the error s uncorrelated with the instruments
(¢ nosimultancous equation bus) 7. s aistributed as v owith degrees of treedom cqual to
(K- k1)ywhere Kos the total number of predetermined varables i equations (1) and (2) and
KEis the number ot jomtly endogenous plus the number ot predetermined vanables included
in the equition. The order condition tor identitication of the simultancous equation system is
that ki < K (Hausman (1984)). The other indey of statistical adequacy (7). the Chow test
(See Maddala (1977)), relates to the stability of parameters over time, To check tor structural
change that may have oceurred during the recent world economic downturn (after 1980) rhe
preferred model was re-estimated for the period 19621979, T hus 7, the Chow parameter
stability statistic is distributed as F(41.20-h) under the null hypothesis of no instability in the
equation: hrefers to the number of parameters estimatedin the preierred equation,
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The two estimates for the export supply function were: ¥

X, = =23.74 + 0.70(S=8), , + 0.05(P -P),

(9.97) (1.54) (0.51)
+0.020 = 0.12(D=D), —0.05DUM, (S1)
(24.00)  (0.87) (3.96)

R? = 0.980, = 0.063, F = 137.00
Z,=3.60.7.=4.54.7,=0.29

X, = =24284 001N, | +0.74(5=8) , +0.09(P —P),

(6.10) (0.021)  (1.63) (0.82)
+0.020=0.15(D=D), = 0.06 DUM, (S2)
(4.9)  (1.12) (4.02)

R>= 098], = 0.060, 1= 110,99
Z,=2.00,7.=572.7,=0.196

The preferred restricted vaodels were those that satisfied three diagnostic
tests — an absence of first order autocorrelation, an appropriateness of the
instruments used, and no evidence of structural breakdown after 1980 — and
were arrived at after testing alternative combinations of lag structures. Only
the results of preferred models are presented above: hence they do not include
all the variables and lags mentioned in equations (1) and (27). A comparison
of individual estimates with the unrestricted ADL estimates provides a test for
the vahidity of estimatesin the chosen forms of the equations.

Interpretation

Table 1 shows the long-run ciasticities from the preferred models as well as
unrestricted ADL models. The export demand equations reveal that the
income clasticity is well determined and robust to changes in the specification.
When the export demand equation was estimated using OLS, the preferrid
and the unrestricted equations vielded incomie elasticities equal to 0.56 and
0.57, respectively. The -¢ confirm the robustness of the estimates. Although the
coctficient of the price clasticity is of wrong sign in two cases, it is statistically
insignificant. In a preferred supply equation (S1). all the coefficients have the
correct sign, apart from the refative price term. Hence it can be said that muceh
of the variation in export supply is explained by time trend and other non-price
factors such as the supply shock term.and the oil dummy.

However, unlike the export demand equation, the preferred export supply
equation is not very robust to changes in the specification as revealed by a
comparison of elasticity coetficients for preferred and unrestricted equations
(‘Table 1). The trend coetficient is robust: the supply shock term has the same
sign but shows a large vanation in size: the other two coetficients change sign.
All three equations also show that the contribution of the relative price termiin
explaining export supply variations is very smatl.

The overall results thus appear mixed. The two clear conclustons which
emerge are, first, the low income clasticity of demand for developing country
uporls and scumd the relatively insignificant role of price as oppesed to non-
price (l(.lnrsmcwpl‘umngupnrl supplv

t Instrusaentsused: Y L Y? (8- S)l y (D l))l‘l.und[)UM,.
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The persistently wrong (but insignificantly so) sign of the price clasticity of
demand can possibly be explained in the hght of the specification errors
discussed carlier. Furthermore, the aggregate price clasticity of dennnd foi
agricultural exports is likely o be small since possibilities of substitution in
demand in response to relative price changes hetween agricultural and non-
agricultural products are limited. An equally important explanation could be
the significant levels of non-price-related protectionist barriers in developed
country markets facing developing countries” exports in cereals. feedstuffs,
cte.. which constitute a farge proportion of their agricultural exports. In the
presence of such guantitative barriers. it is not surprising that relative price
eftects are poorly measured or estimated.

Table 1 Export Demand and Supply Elasticities

Export Demand Income Price
Unrestricted 0.633 +0.363

Preterred (1) 01.630 -0.4135

Pretented (b2 0.389 +0.214

Domestic Demand — Domesue Supply

Faport Supph Price Toime frend Pressure Shocks
Unrestnted 0.001 0.015 0.74 1.47
Preterred i81) t10.05 [IXIN -0.12 .70
Preferred (82 HO.ONY 0.02 -0.18 0.758

Souree Authors computations from equatons (D1, (D2, (ST and (82)

Export Demand Functions for Individual Commodities

The demand functions were estimated for tive individual commodities, i.c..
coftee. cocou. tea, hananas and plantaims, which are traditional tropical
exportsand tor pineapples and tomatoes, two relatively new non-traditional
exports. The demand tunctions for these commodities were specified in the
same way as the aggregate demand tunction, although it is recognised that the
commodity markets mav notoperate exactly the same way in all cases. Export
supply functions were notestimated because of the lack of data on prices facing
producers of these commaodities. The findings are presented in Fable 2. and the
implicdincome and price elasticitios in ‘Table 3.

Several features ol these results are worth notng. [irst. the resubts at the
disaggregate level are superior to those obtained for total agricultural exports,
All the income clasticities are well determmed. For 4 out of the 6 commoditics
the relative price termis of the right sign and statistically significant. Except for
tea, where there is evidence of second-order autocorrelation, the preferred
models foraltcommodities meet three diagnostic tests.,

Second. mostot the parameters are robust when estimated for different time
neriods (such as 1962-79 and 1962-82) as well as when different estumation
procedures are followed. Except for coffee. the OLS estimates and 1V
estimates are very simitar and preferred TV estimates ceported in Table 3 are
similar to the unrestricted ADI estimates.

Implications

The evidence presented in ‘Table 3 suggests that, for tropical traditional
commodities, the income and price elasticities of demand are low and almost



Table2 Regression Estimate: in Demand Equations for Six Agricultural Products (1962-83)

Lagged Deperdent Relutive Others
Lstimation Variable (X1) Income Price {Relutive Price
Commodity  Procedure t-1 t-2 t 1-1 t-2 t of Teay Intercept R: v F Z, Zy, 7,
Coffee v a7 - 27 7.91 673 058 175 5.09 273 048
(5.77) (313 (6.48)
OLS 41 - 1N 8.76 744 052 247 537
6 96 {325} (Y.69)
v ) -.31 14 574 683 0539 1148 119 211
(4.5K) (3.2) (1.56) (2.79)
Cocoa v 18 -.19 11.25 362 06 183 548 1.11 .73
(1.64) (2.48) (H.79)
OLS 28 -.28 V.64 673 059 17.51 4.09
(3.2 (3.8) (7.06)
Banana & v 38 -.40 390 w32 047 1166 356 534 1.40
Plantain (11.63) (4.53) AN
OLS S8 -.39 S84 933 47 117.6 350
(11.8) (4.74) (8.16)
Tea v -.30 67 10 689 u3d 031 7482 7.05 194 172
(1.31) {4 86) (1.39) (3.38)
OLS S 06 S84 929 031 10992 7.53
(12.3) (1.44) (8.55)
Pineapple v .73 43 -.72 —1.01 931 093 7211 456 278 .57
(2.58) (1.02) (1.68) (1.29)
Tomatoes v 1.93 7 11.72 893 126 7053 798 1.70 .99
(4.39) ( .38) (2.18)

SHIMLNA0) ONIJO THIATA 4O SLYOIXEH TVANL NI DV
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Table3 Demand Elasticities for Selected Commodities

Commodity Parameter Preferred Estimates®  Unrestricted Estimatest
Coffee Income Y EE
Price -.27 -7
Cocoa Income 18 36
Price -.19 -42
Banana & Plantain Income S8 70
Price -.40 =30
Tea Income 52 54
Price U6 Rt
Fineapple Income 1.59 2.16
Price =2.67 =35
Tomatoces Income 1.63 1.71
Price A7 -.26

Source: Computed from Table 2.
* Elasticitics computed from preferred IV estiniatesin Fable 2.
t Elasticities computed from unrestnicted ADL estimates.

certainly less tian unity. Thus a slowdown in the income growth in developed
countries will have a proportionately smail influence on export performance.
Equally, however, the pull of developed countries in expansionary situations is
also small.

Even if, for individual developing countries. the price elasticity of export
demand may be high, clasticity is low for the developing countries taken
together, so that simultancous action by all or many developing countries in
reducing prices. or in inereasing supply. results in @ movement along an
inclastic aggregate demand curve, with damaging repercussions for export
revenues. Indeed, the decline in commodity prices during the carly 1980s may
be duce less to the income downturn in the North than to over-expansion of
aggregate export supply due to a variety of reasons, including the necessity to
boostrevenues to serviee large amounts of outstanding debt. In view of the Jow
price elastictty, this led to a drop in prices and revenues. The conflict between
individual and collective action for the promotion of agricultural exports of
developing countries needs serious recognition.

Finally. it is worth contrasting the results for traditional and non-traditional
commoditics. The latter exhibit high income elasticities and one commodity —
pincapples — even a high price clasticity of demand. Insofar as it is possible to
generalise from this admittedly fimited evidence, one lesson seems to be the
need for developing countries o rely progressively less on traditional
commodities and increasingly to diversify towards non-traditional agricultural
CXports.
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