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SUMMARY 

BaSIC grams are qUIte Important m the rural economy and m the general populatIOn dIet of EI 
Salvador In spIte of a boommg economy m the 1990s, the real pnces for basIc grams contmue to 
declIne to record lows Demand and supply parameters are crucIal mformatIOn for effectIve 
polIcy makmg aImed at thIS sector 

The major purpose of the study was to proVIde estImates of the consumer demand and supply 
response for four basIc grams m EI Salvador maIze, red beans, nce, and sorghum A SUbSIdIary 
ObjectIve was to tram personnel of the MImstry of AgrIculture and LIvestock m the underlymg 
econometnc procedures and results Usmg 1975-97 data, the mam findmgs are 

(1) Although basIc gram pnces have severely dropped m relatIon to the consumer pnce 
mdex, these pnces have not dropped m relatIon to the agncultural wage rate--the mam 
component of the cost of productIon 

(2) The estimated short run (long run) elastiCIties of area planted WIth respect to the expected 
pnces are 0077 (0251) for maIze, 0 136 (0529) for red beans, 0222 (0296) for nce, 
and 0 269 (0 330) for sorghum 

(3) The estImated pnce elastIcItIes of demand are -0 553 for maize, -0601 for red beans, -
0530 for nce, and -0394 for sorghum Except for sorghum, all demands were found to 
be mcome melastIc 

(4) Technology has played a strong role m Illcreasmg the prodUctIVIty of nce but a rather 
weak role m the case of red beans 

(5) The productIOn of maIze and beans are charactenzed by a hIgh tendency to contmue 
cultIvation III spIte of changmg economIC condItions 
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Econometric Analysis of Supply Response and Demand 
for BasIc Grains In EI Salvador 

IntroductIOn 

EI Salvador has expenenced the most sIgmficant advances m economIC growth and urban 
poverty reductIOn m Central Amenca m the 1990s, although m many respects the rural sector has 
been left behmd Of partIcular Importance to the econonuc health of the rural sector IS the basIc 
gram subsector (maIze, beans, nce, and sorghum) because It uses approxImately 70% of 
agrIcultural land and these grams constItute the staple dIet of the Salvadonan populatIOn 

In spIte of the Importance of basIc grams both m agncultural productIon and m food 
consumptIOn, there IS lack of knowledge as to how changes m pnces and other factors affect 
theIr productIOn and consumptIOn Such mformatIOn IS vItal for better-mformed polIcy makmg 
In partIcular, the pnce elastICItIes of supply and demand are vItal components that affect how 
much productIon and consumptIon are affected by pnce polIcy decIsIons In addItion, these 
elastIcistIes determme the welfare Impact of pncmg polIcy decIsIons and the Impact of natural 
dIsasters such as El Nlno 

The mam ObjectIve of thIS study was to develop and estImate a prototype supply-and-demand 
model to estImate the Impact of changes m pnce and non-pnce vanables across vanous basIc 
gram subsectors (maIze, beans, nce, and sorghum) A second objectIve was to strengthen the 
Mimstry of Agnculture and LIvestock's capaCIty to analyze past, present and future agncultural 
polIcIes WIth respect to basIc grams The second objective was accomplIshed through work wIth 
the consultant and through teachmg and trammg modules 

Trends m the Market for BaSIC Grams 

FIgures la-ld show the trends m the producer pnces for four basIc grams mEl Salvador maIze, 
beans, nce, and sorghum m the 1975-97 penod Most notIceable IS the drastic dechne m real 
pnces for all basIc grams m EI Salvador, as defined by producer pnces deflated by the consumer 
pnce mdex ThIS severe detenoration m the terms of trade for basIc grams was hIghhghted m a 
recent report by the World Bank (1997) that clearly outlInes ItS Imphcations for rural poverty It 
IS also mterestmg to note that, when deflated by the cost of labor (the mam component of the 
cost of productIOn), the detenoratlon m terms of trade IS not apparent 

FIgures 2a-2d show the trends m consumption of baSIC grams and theIr sources (domestIC or 
foreIgn) It IS not surpnsmg that the declme m real pnces has translated mto Increases m 
consumptIOn ObVIously, Imports of basIc grams are playmg an Increasmgly Important role In 
fact, El Salvador now accounts for 55% of all Imports of basIc grams m Central Amenca 
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An addltlonal mSlght IS obtamed when decomposmg productIon mto the area cultIvated 
(manzanas) and YIeld (cwt per manzana) FIgures 3a-3d show the trends m area planted WIth 
the four basIc grams It IS mterestmg to note that both maIze and beans show an upward trend m 
area cultIvated m spIte of the declme m real pnces defined WIth respect to the consumer pnce 
mdex However, both the areas cultIvated WIth nce and sorghum appear to be more random In 
fact, area cultIvated m nce has declIned m the 1990s, however, nce cultIvatIon IS now more 
concentrated m lITIgated areas YIelds are shown m figures 4a-4d The most stnkmg trend IS 
that nce has expenenced the greatest gams m productIvIty whIle red beans had expenenced the 
lowest 

Model SpecIficatIOn 

Followmg conventIOnal specIficatIOn of market models WhICh mclude supply response, an 
econometnc model can be specIfied WIth three behaVIOral equatIOns to capture area cultIvated, 
YIeld, and demand responses, plus an equatIOn that represents market eqUIlIbnum The same 
model IS specIfied for each of the four baSIC grams 

Area Planted 

Smce basIc gram productIOn consIsts of two components, namely area planted and YIeld, the 
supply SIde of the market IS dIVIded mto two representatIve equatIOns The ratIOnale behmd thIS 
IS that dIfferent tImmg and mformatIon are used for deCISIons regardmg acreage and YIeld At 
plantmg tIme, growers do not know WIth certamty what pnces they WIll receIve at harvest time 
Hence, deCISIons on how many manzanas to plant must be based on expected rather than actual 
output pnces 

The number of manzanas planted IS hypothesized to be a functIOn of the expected pnce for the 
basIc gram, cost of productIOn, and area planted m the precedmg year Smce the cost productIOn 
senes reported by MInIstry of AgrIculture (MAG) (1979-96) was qUIte mcomplete WIth apparent 
mconsistencies across the years under study, the wage rate applIcable to baSIC grams was used as 
an mdex of these costs ThiS IS not an unreasonable SubstitutIon smce labor accounts for over 
40% of the total cost of productIOn and over two-thIrds of the variable costs 

The mfluence of planted area m the preVIOUS year depends on the degree of partIal adjustments 
producers make With respect to changmg economic condItIOns as well as fixity of factors of 
productIOn and psychological mducements to contmue to produce certam baSIC grams Casual 
observatIon suggested a hIgh degree of "tradItIOn" m the cultivatIOn of maIze and beans and less 
mertla m the cultIvatIOn of nce and sorghum 

Yield Response 

BasIc gram YIelds are mamly affected by weather condItions throughout the productIOn penod 
and technology over the years After consultatIOn WIth analysts from MAG, It was concluded 
that unlIke some vegetable crops, Yields of basIc grams are not sIgmficantly affected by the 
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FIGURE 3 AREA PLANTED, 1975-97 
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output pnce or the pnce of mputs Once a technology bundle IS adopted there IS very lIttle 
farmers can do to mtentIOnally affect YIelds It IS mterestmg to notIce that YIeld nsk caused by 
weather has dimimshed m nce productIon as the fluctuatIons of YIeld have been reduced through 
an mcreasmg proportIon of the crop bemg produced under Irngated lands 

Demand 

Farm level demand for baSIC grams IS denved from consumers' demand Hence, followmg 
consumer chOIce theory, the quantIty demanded of baSIC grams IS stIpulated to be a functIon of 
theIr pnce and consumers' mcome 

The pnce of SubstItutes IS not mcluded smce these grams have a umque place m the Salvadonan 
dIet WhIte maIze, whIch IS produced m EI Salvador, goes mto the productIon of corn denvatIves 
such as pupusas and tortIllas Yellow maIze, whIch goes mto ammal feed and has other lImIted 
mdustnal uses, It IS not a SubstItute (It IS usually Imported from the Umted States) ThIS study IS 
concerned only WIth whIte maIze Red beans (frlJoles) do not have a close substItute eIther 
UnlIke other Central Amencan countnes, EI Salvador does not have a strong tradItIon m the 
consumptIon of nce Its per capIta consumptIon of nce IS about one thIrd of Costa RIca's or 
NIcaragua's Fmally, sorghum (sorgo or ma/clllo) IS mostly used for lIvestock feed 

Demand can also be speCIfied as bemg pnce-dependent mstead of quantIty dependent In thIS 
case, pnce IS assumed to be determmed by the quantIty supphed mto the market (quantIty 
produced plus quantIty Imported mmus quantIty exported) and consumers' mcome Tills 
speCIficatIon IS common m penshable commodItIes such as fresh vegetables or for very short run 
analYSIS In prelImmary estImatIon, these types of speCIficatIon dId not perform as well as a 
quantIty dependent or the tradItIonal speCIficatIon The pnce flexIbIlItIes obtamed under pnce 
dependent demands are nevertheless reported for comparIson purposes, and the Impbed pnce 
elastICIties are conSIdered upper bounds of the true elastICIties 

Price ExpectatIOns 

Area planted IS an ex ante deCISIon based on expected rather than actual pnces Further, smce 
expected pnces are not recorded or observed, hypotheses have to be based on how expectatIOns 
are formed TypIcally, agncultural economIsts have modeled expected output pnces as bemg 
determmed by past pnces (Cobweb behaVIOr, dIstnbuted lags, and adaptive expectatIon models) 
In other words, agents are supposed to react to recent past mformatIOn m a naIve manner-there 
IS no use of current mformatlon or room for learnmg For tradItIonal farmers thIS can be JustIfied, 
gIven the cost of acqumng mformatIOn Furthermore, a recent study by Ramos, Worman, and 
Hugo (1993) conSIdered the Cobweb model appropnate for baSIC grams mEl Salvador the pnce 
farmers expect IS the pnce they receIved m the precedmg penod Nonetheless, such a model dId 
not YIeld satIsfactory results for red beans and sorghum 

AlternatIvely, the RatIOnal ExpectatIOns HypotheSIS postulates that producers base theIr 
expectatIOns on current market mformatlon ThIS hypotheSIS has been applIed to agncultural 
problems by GoodWIn and Sheffrm (1982), and ShonkwIler and Emerson (1982) It IS 
conceIvable and even plaUSIble that both types of expectatIons, usmg illstoncal as well as current 
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mformatiOn, may take place m the market (Lopez, 1986) In the case of basIc grams m EI 
Salvador, It IS plausIble to assume behaviOr of a Cobweb type rather than the REH type In tins 
report, both types of pnce expectatiOn hypotheses were tested based on a model proposed by 
Lopez (1986) It was determmed that the cobweb model was appropnate for maize, nce, and 
sorghum but that the REH was more sUitable for red beans 

A Market Model for BaSIC Grams 

The econometnc specIficatIon of the market model follows directly from the precedmg 
diScussIon The behavIOral equatiOns to capture the above chOIces, are specIfied as follows 

where 

In = naturalloganthm operator 

t = year t subscnpt 

At = area of a baSIC gram planted 
p. 
t = expected pnce ofthe baSIC gram 

~-I = area planted m the prevIous year 

Lt = agncultural wage rate 

~ = Yield per umt of land 

~ = weather condItions 

T t = a trend vanable 

QtD = quantIty demanded 

Dt = the consumer pnce mdex 

It = consumer mcome 

M t = Imports 

Xt = exports 

f31)' U/l = parameters and error terms 
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EquatIons (1) and (2) capture the supply side of the model whIle equation (3) captures the 
demand side EquatIon (4) represents the eqUlhbnum conditIOn where apparent consumptIon 
equals shipments from domestIc and foreign sources net of exports In the case of El Salvador, 
Imports predommate over exports 

Homogeneity of degree zero IS Imposed m the equatIOn for area planted by deflatmg the 
expected pnce wIth the agncultural wage rate (labor IS the main component of productIon costs) 
Homogeneity of degree zero IS Imposed In the demand equation by dIViding the baSIC grain pnce 
and Income by the consumer pnce Index The pnce used IS the baSIC grain pnce at the producer 
level Thus, demand IS meant to represent a denved demand at that level 

Followmg Lopez (1986), the following model was estImated to determme the nature of pnce 
expectations 

where ~-l IS the pnce receIved In the prevIous year, ~reh IS the REH pnce forecasted follOWing 

McCallum techmque (1976), ut an error term, a IS a parameter that weights the relevance of the 

Cobweb model The test ofmterest IS Ho a = 0 (Cobweb model) With 1975-97 data, one faIls 

to reject this hypothesIs at the 95% level of confidence for maIze, nce, and sorghum but not for 
red beans where a was estImated at 0 874 With at-ratio of3 452 

The Data 

For data sources, tills report relIed pnmanly on data supplIed by the Mlmstry of AgrIculture and 
Livestock of El Salvador, espeCially by the DireCClOn General de Economla Agropecuana 
(DGEA) and the Office of Agncultural Pohcy AnalYSIS (OAP A) Sources also mcluded 
Internatwnal FmancIaI Statlstlcs of the InternatIOnal Monetary Fund (Gross DomestIC Product 
and the consumer pnce Index), Po/ztlca AgrIcola volumes II (by Pleltez) and III (by Ramos, 
Worman, and Hugo) of the Mmlsteno de Agncultura y Ganadena for productIOn, YIelds, Imports 
and exports, and DGEA's reports on cost of productIOn for the agncultural wage rate Production 
and trade In the 1990s were obtamed from computer files supplIed by the DGEA and OAP A 
Annual observations were collected for the 1975-97 tIme penod 

The effect of weather on YIelds was measured wIth a Stalhngs' Index FIrst, expected Yields for 
maIze, beans, nce, and sorghum were obtained by regreSSing YIeld on tIme and usmg the 
predIcted values as expected YIeld Then a weather vanable was measured as the ratIo of actual 
to expected YIeld The four resultmg weather vanables were correlated and the alternative crop 
whose weather was the most hIghly correlated wIth a gIven basIc gram was chosen m heu of a 
gram's own weather vanable Red beans and sorghum weather IndICeS were Interchanged, as 
were nce and maIze IndICeS to aVOId spunous correlatIOn The mam advantage of USing the 
StallIngs' mdex mstead of direct weather vanables IS that It IS SImpler to estImate In addItIOn, 
thiS mdex mcludes not only the effects of vanous direct components of weather such as ramfall 
and temperature, but also mdlrect effects such as Insects, disease, and pests (Stallmgs, 1960) 
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Once all vanables of the model were operatIOnal, the structural model was estimated Ordmary 
Least Squares were used for equations (1) and (2) smce they do not contam endogenous 
vanables as explanatory vanables A two-stage least squares (2SLS) techmque was used to 
estimate equatIOn (3) This method was preferred over a three-stage least square technique 
(3SLS) because It Yielded more plausible results, probably because some of the reqUired 
conditions for 3SLS to be efficient were Violated (such as lack of complete specificatIOn of one 
of the equations m the system) All estimations were conducted With the SHAZAM software 
program The results are presented m Table 1 

Results 

The estimated coeffiCients of the structural model are presented m Table 1 In general, the 
results are plauSible and conform to a prIOri expectatIOns of signs and magrutudes 

The pnce elastlclstIes of supply (as measured by the elastiCity of area planted With respect to the 
expected pnce) are m the range of prevIous estimates for El Salvador or SimIlar countnes For 
maize m El Salvador, Ramos, Worman and Hugo (1993) find a short-run elasticity of area of 
approximately 0 0709 (vs 0 077 m Table 1) For nce, they find a short run pnce elasticity of 
0259 (vs 0222 m Table 1) Unhke the results of Ramos, Worman and Hugo (1993), the 
elastiCity for red beans IS estimated at 0 136 (vs -00257) and for sorghum IS estimated at 0269 
(vs 0017) The Imphed long run elastiCIties of supply m Table 1 are 0 251 for maize, 0529 for 
beans, 0296 for nce, and 0330 for sorghum Sulhvan, WamlO, and Ronmgen (1989) report 
consensus supply elastiCities of 0 22 for maize and 0 58 for nce for the Central Amencan and the 
Caribbean regIOn (vs 0 251 and 0 296 long run pnce elastiCIties m tills report) 

The pnce elasticIties of demand are approxImately -0 553 for maIze, -0601 for beans, -0530 for 
nce, and -0394 for sorghum In other words, the demand IS pnce melastIc reflectmg reluctance 
of consumers to change the quantity purchase m spIte of pnce swmgs 

ImtIally, the demand model contamed lagged consumptIOn as an explanatory vanable However, 
this was only margmally slgmficant m the case of maIze In that case, the short run elasticity 
was estimated at -0305 whIle the long run at 0571, which IS close to that reported m Table 1 
Except for sorghum, all mcome elastiCIties were less than 05, reflectmg normal but mcome 
melastIc goods Fmally, the consensus demand elastIclstles reported by SullIvan, Wamlo, and 
Romngen for the Central Amencan and CarIbbean region are -0 30 for com (vs -0553 m Table 
1) and -0 65 for nce (vs -0 530 m Table 1) 

The magrutude and slgmficance of the lagged area coeffiCIents mdicate that both com and red 
beans are qUIte traditIOnal crops WIth a strong tendency to contmue to be cultivated m spIte of 
pnce/cost condItions On the other hand, as dIscussed m the graphIcal analYSIS, the areas planted 
With nce and sorghum tend to fluctuate much more Fmally, It should be noted that technology 
(as measured by a trend vanable) has played a stronger role m ralsmg nce prodUCtiVIty than m 
any other baSIC gram m EI Salvador 

10 
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I Table 1 Estimated Parameters for the Market for BasIc Grams m EI Salvador 

CoeffiCIents 

I (T-RatIOs) 
EquatIon VarIable Parameter MaIze Red Beans RIce Sorghum 

I Area Intercept /3\0 3 876 2606 7134 9607 

(3 11) (2 125) (4011) (5 168) 

I In(J:* / Lt) 0077 0136 0222 0269 

I 
(228) (2 163) (2 167) (4099) 

In4_1 /311 0693 07428 0251 0184 

I 
(7 16) (6652) (1 407) (1 896) 

R2 0720 0742 0215 0496 

I YIeld Intercept /320 -1 774 -1394 -6052 -3992 

(-1 66) (-1 156) (-6375) (-1 394) 

I w: /321 0430 0686 0657 2213 

I 
(3 500) (6605) (4 144) (6 142) 

In I; /322 1008 0708 2034 1046 

I (4297) (2646) (9664) (1 644) 

R2 0577 0682 0830 0635 

I Demand Intercept /330 14884 13 659 11 211 1 393 

I 
(4978) (2 714) (2670) (0 183) 

In(J: / Dt) -0553 -0601 -0530 -0394 

I (-4641) (-3275) (-5059) (-1 621) 

InUt / Dt ) /331 0371 0356 0467 1 359 

I (1 258) (0710) (1 169) (1 852) 

R2 0534 0310 0605 0138 

I Notes N=23 (1975-97) The R2 IS the squared correlatIOn coefficIent between actual and 

I 
predIcted values The area planted and YIeld equatIOns were estImated wIth OLS The demand 
equatIons were estImated wIth 2SLS 
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Table 2 reports the results of 2SLS estImatIOn for (real) pnce dependent demand equatIOns 
Hence, the coefficIents are pnce flexibilItIes However, one can denve the own-pnce elastICItIes 
by mvertmg the pnce fleXIbIlIty coeffiCIent WIth respect to total quantIty reachmg the market 
The Imphed pnce elastICIties are -0 817 for maIze, -1 117 for beans, -0 600 for nce, and -2 481 
for sorghum These coeffiCIents are sbghtly larger than the dIrect elastICIties for maIze and nce 
(-0 553 and -0 530, respectIvely), tWice as large for beans (-0 530), and SIX tImes as large for 
sorghum These can be conSidered upper bounds of the true elastiCity estimates 

The lack of consIstency of the results m Tables 1 and 2 also show some of the shortcommgs of 
the proposed model for the case of sorghum ThIS gram IS baSIcally used for feed and mdustnal 
uses and ItS modelmg should perhaps reflect some Important factors captunng thIS aspect, such 
as the mcorporatIOn offinal output pnces (e g meats) 

ConclUSions 

Empmcal findmgs show that the area planted WIth baSIC grams m El Salvador IS mamly affected 
by the expected pnce of output, the agncultural wage rate, and partial adjustment as measured by 
the coeffiCient of the lagged area planted The short run elastICities of area planted WIth respect 
to the expected gram pnce were approxImately 0077 for maize, 0 136 for beans, 0222 for nce, 
and 0 269 for sorghum The Imphed long run elastiCIties were 0 251 for maIze, 0 529 for red 
beans, 0296 for nce, and 0 330 for sorghum The partial adjustment coeffiCIent for both com and 
beans confirm that these are "traditIOnal" crops and pomts out the difficulty of response of these 
farmers to changmg economIC condItIOns The results also confirm that nce has been the only 
gram With dramatic mcreases m productIVIty due to technology 

The pnce elastiCitIes of demand were estImated at approxImately -0553 for maIze, -0601 for 
beans, -0 530 for nce, and -0 394 for sorghum These results confirm the notIOn that the demands 
for these grams are pnce melastlc From a supplementary model mvolvmg pnce-dependent 
demands and hence pnce flexbIhtles, the ImplIed elastiCities were estimated at -0 817 for maIze, 
-1 117 for beans, -0 600 for nce, and -2 481 for sorghum Although these can be conSidered 
upper bounds, the results for sorghum seem qUIte unstable UnlIke other baSIC grams, sorghum IS 
sIgmficantly transformed through mdustnal uses, such as for animal feed Hence, ItS demand 
may reqUIre a dIfferent modelmg approach 

From these mamly techmcal results, It IS difficult, If not mappropnate, to draw polIcy 
recommendatIOns Nonetheless, the results clearly pomt out that maIze and red beans should be 
m one category of baSIC grams (I e , tradItIonal) willIe nce and sorghum represent a dIfferent 
category The results also confirm melastlcles both on the demand and the supply Side, mdlcatmg 
the potentIal for severe pnce volatIhty However, an aspect that was not emphaSIzed m the 
modelmg was the exphclt role played by mternatIOnal trade ThIS would be one promIsmg future 
directIOn of research Fmally, With the severe declInes m the terms of trade for baSIC grams m 
relatIOn to the consumer pnce mdex, It IS dIfficult to vlsuahze alleVIatIon of rural poverty If 
current trends contmue WIthout the sIgmficant gams m prodUCtIVIty expenenced With nce, an 
alternatIve mIght be to push for hIgh value-added crops (such as vegetables) under appropnate 
mstItutIOnal support These Issues, however, are beyond the scope of thIS report 
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Table 2 Estimated Parameters for the Inverse Demand FunctIOns 

CoeffiCIents 
(T-RatlOs) 

Vanable MaIze Beans Rice 

Intercept 8046 -0063 10 323 
(1 164) (-0008) (1 073) 

InQtD -1223 -0895 -1 666 

(-4742) (-2986) (-5244) 

In(lt / Dt ) 1 016 1 179 1 093 

(2970) (2 173) (1 917) 

R2 0684 0471 0705 

ImplIed ElastICItIes 

Pnce -0817 -1 117 -0600 

Income 0831 1 317 065 

Notes N=23 (1975-97) The dependent vanables are the producer pnces deflated by the 
consumer pnce mdex These equatIons were estImated WIth 2SLS The R2 IS the squared 
correlatIon coeffiCIent between actual and predIcted values 
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Sorghum 

-20424 
(-3678) 

-0403 

(-1 923) 

2279 

(4831) 

0494 

-2481 

5655 
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