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IIlcteasing~wareIlessof the importance ofenviroDll\ental factQrSior lhesustainabUity of 

econ orn.icgrQwilibas focussedattentionontheeI)vironrnenttll,c.oQ$equences ofpoli cy ref ohnS .fIt 

developing;cQuntries. However,theatlalyticalli.te~t:ure on the'environmental impact. of such 

chan,ge.s is sparse (Cruz and Repetto 1992). Intbe presence ofdiffetentlevels of enV{roomenW 

e~temantiesassoclated with different industries, simple ecouQIrticpolicyreformprescripdons 

aimed .atreducingrelative price distortions Can .pctentiallyaggravate environmen1aldarnages and, 

through both direct and .inciirecteffecf.$,bamper long term growth. In this paper we consider the 

environmental effeotsofIXtrpyrefoll11s on the caseofsQil erosion in hilly lands. a major 

problem in many- developing (;ountries. 

Most analyses of this problem argue that solutions must ·~sought in upland areas 

themselves, in neW technologies, altered practices, reducedio.;migratiou,more secure tenure 

institutions aIldstroIlgercontrols over resource :use.Whlle these direotapproaches are 

unqeniablyirrtporta,Ilt. they almost entirely overlook the pot.entialrole of relative price changes. 

This is surpnsing,glventhe large body of evidencesbowingthat :shifts In relative prlcesand 

profitability can induoesubstanticu resource re~location inagriculture~ even in developing 

eoononUes (Askari and Curru:rtings 1976). Upland agriculluralecopotniescannotbe considered 

to exist in isolation from. the rest of a developing economy, let alone frorn otheragricuhural 

regions and subsectors drawing on overlapping resource bases and producing similar g~. 

MoreoYer,the effects of upper watershed soil erosion 00 water quantity and quality directly 

impact on lowland agriculture, hydroelectrio power generation, and availabiJityof clean water. 

In this paper we investi~ate lheroleplayedby intersectoral and interregional market links 

as. conduits for relative pdce changes affecting upland agriCUltural resoUrce use. Using a simple 

model we evaluate the likely impacts on upland resource allocation of some changes in 

commodity taxes and trade policies currently under discussion in developing countries. 

We adoptageneraJ equilibrium approach to the analysis, for twornain reasons. First. 

environmentalprotectlon is not the onJy • or even the, most pressing ~ issue confronted~ythe 

gov.ernments in developing countries. This means that polidesaimedat reduced soil erosion are 
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likely ,toheaqopte.dorUy Whetltbec()~t$:inte~.or'(jUtert'potentiaHy,Qyerridingtargets{most 

nQtably:aNPjgrQwth~:e~temalbal:ir1ce,(!h¢apWi;lg¢·goQdsandtQlerablep~bllcsectort!efidts) 

are not toohigh.G>ut .poliqye,;,penme.ilts constit\lte$earcbesfot·~ good" environmental polh~jes 

thatare:alsoconsistent with olher¢collottUc p9licyg9~s. Such searche.scanuotsatisfactorilybe 

COQdllctedlna partiaJequHibrium setting. 

Second, 'inaciditioll loprQblemsof sUStainability in·upland!lgncuJ.ture, the nature of the 

.soilerosiollproblemln.YolVe$ ane~~maIltyrthe deterioraupnotdownslreal1liand and Water 

reSQUrcesdue todaOl siltation. flooding and diminishedwaterquality. Analyses of comparable 

siWati.ons suggest :PigoYian taxes OJl upland fanners'as first-bestr:n~s to equate private and 

social rates .of return on 'erPsion~ausing actiyities. Theappropriaterateofa taxona poll uting 

apuvitywould \J{!sufficien.t to reduce its level without itl,troducing distortionselsewbe.re in the 

economy. HQwever,the Pigovian sol utionis infeasible inmost <.ieveloping countries • .first 

~cause .(lfthe dim cultyof associatin.gparticular quanti ties of poll uti on wi tbparticuJ ar.f anns (the 

non.,poilltpollUtiouproblem)t3ud second becauseQf the practical difficulties in assessing and 

~onectiDg taxes onsma:U .. scale, semi-subsistence fanners who are among the poorest groups in 

theitcountry's economy.l In practice. developing countrygovemmentsrely heavi1yon indirect 

taXes ... pdmarilytrade.ta~es - as relatively easily coUected fonns ofrevenue.W·orkable market

based solutions to upland soU erosion must pe no rce work with these second~bestpolicy 

instruments. Trade t.Mes, unlike production taxes and subsidies, alter both producer and 

consumetpnceSeVon when there are no non-traded goods, 50 again we conclude that a 5ingle~ 

sector analysis is .inappropriate. 

The analytical problem is compounded in developing countries by the presence of 

substantial e;tisting price distortions, most notably in the fonn of existing tariff structures. There 

are therefore two sources of divergence hetween private and social rates of return. to soil-eroding 

activities: price distortions and externalities. Whenextemalities are present~ the standard policy 

prescription of removing price distortions to correct incentives need not be an optimal one in a 

welfare sense. 



Inacortlpani()n\pape.r{Cp~hea(land JaYasuriya 1994) w(! .. examlIle the effects o[tcchniCal 

progress Qlltbe allocation of uphmd land among crops'.associared with difterentratcs orsoH 

.erosion 'in a !StYlizedtwo...regioD devclopingc~()flom)'. In thi$pap¢rwecmploY' astnlcturnly 

$imn~ model tQilIlalyzethe lntersectQrnleftects pitrade;md tax polic), changes ouc.hanges in 

'Upland'agriculturalresou('Ceallocation,.ao.d thusontates.ofuplandsoilerosi.on. 

III thef ollowingscctions We n~.tprn:sennhemod¢l (SC{!tiOll 2). We QUlline astyHzeQ 

,smaltopen develQpingecQn;Qnlywith .ta,rirr..disto~.pri¢esand e~aminea.ltemative'poli¢y 

change:s fbftheir likely effects On ~upland lau.dallocation between cmps.and therefofeon tberate 

orerosion~ Fora range ofpolicychartgeswe assess<changesin.n:al incomes. tbe price of food, 

and the :aUocation>of uplan&l~nd to foodproduc:tion~ Subsequ~tltly; in Sec:don 3 wep.tcsefit 

numeOcalsimtilatlonsolpolicychanges andupland.te.SQurceallocation. Section 4 COOGt udes the 

paper withabriefdiSOllSslon ·o(,o\ltreSultsand SO.me suggested diT(!ctiuns for poJicy-<>riented 

e~tensi6ns lQtbisresearch~ 

2. 'The 'Model 

In developing tbemexiel We focus au the issue ofsQil erosion in uplands t2 and abstraCt from. 

many dimensions of tbesoil degradation problemln,Qrderto highlight some ke.yeeonomy-wide 

relationsbi.ps whicb come into play when trade or tax pollciesare altered. We also abstract from 

prope.rty ,rightS issues. 10 out model upland land caobeu.sed to groweithetan annual c.top, 

food, Jt.perennial tree crops. with the lalter associated with markedly lower relative rates orsoil 

erosion. This stylization summarizes empirical infonnation from slopiogupiands of developing 

countries showing typic~ annual per hectare soH losses from estabUshed perennials to be Qne or 

two orders ofIllagnitUde less.than. those, iormost allnual crops.3 

In the model, ata given level ofm~asurednat1onal income a.reaUocation of upland land 

from annual food crops to perennial tree crops is <!onsidered to ~ welfare"improving.3.S the 

resulting land use 'pattern: would gene.rate lower soil erosion. To focus on changing profitability 

and its impact dO laudaUocationamong crops. we·a$sumet.hat~Ultivationora iparticulatcrop is 



a$~iatedwitltagiv(!n,t1lt¢ pf $oiIiero$i<mwQlcncannQt;l)e·a) ti!reg; in,;the'shprtnul;. hrQth~r 

word$w~~b$ttactrtom,thepOssibnity·t,bat ¢hcm~e$'; in :~lati Y(!'~rQP?tQfiti:lbmty would lead to 

changes lrtthe te.velQr'investrneptsinlatl(i~Qnserv;itiQnrcltherthanin the areas d~lyoteQ ,to the 

Gomp¢tingtrQps/~OnsimU~gtOWld$we 19nQtetben!l(ited ~d. pOteodally hnportapt:.eiteatof 

eh~ging land val oCS.iQil$ojJcapservatlOIl. III vestments iandh~nceQn oVernUsoil degra.dati on.s 

TIiislsaCOQ1pJex,prPbleJl).,aJ]daddressing i,i('cYenin:p;il'tlal.t!quilibdurn wouldreq~ire.~,muc:h 

mOll!·el~QQPi~mQdel~6 

TIlelllodel 'ptesentsa:representative developingecoQomyin WbicbUtreegoQds ate 

.produced.and.CQllS\bll«i!.lmport~cpmpetip.g'Jlut.n.l,\facture$t eXpQttabletteecropsandnon~traded 

food.7 FoodJs produced:in ,two sectOI'$,Ql1einthe lowland~gionandipne in the upland .. The 

coe;Qst¢ru::e oftW() fOOdproductiODl!!chnologiesisa stylized fact thatfits very well with the 

fuud4fi1etl.taldifi'ercnces ·~tw~n loWland.lrtigated@dupland ·rainfed·agnc1.l1tutein de.velopi fig 

cQuntries. In lowl4nd;,moItbCrOp a~¢llltureproduces fooo .onlYt using laborandsector-s~¢ific 

land. 'rQod isa.lso produced. in upland. where it competes (or (upland) land witb tree crops. 

Tbus:a.lthotlgh Q.nlythree goods:arepTOduced; tbe fonnalmodelhasfoursectors.8 Webe.&in by 

settingou!afidanalyzingecou¢aUcstnlctureinuplandand lowlands regions separately .. 

Subsequently we introducetbefoodtnarket clearing coodhionllnking the regionalec;:ononii¢s. 

RegionaIeconorrues 

Each.sector uses two factors ofproducuon. Labor is used inal1.sectO.tsfbut dUe to short·nm 

immobHi,YJplaIld 3nQlowiand labor cannot be substituted for one anotber (this dual labor 

market assumption isrela.xedin simulation ehperirnents in Section $). Upland land and labor are 

fr(!ely mobile between upland fOOdanrl treecTQP prodllction.Lowland lanel is specIfic to the 

loWland fOOd ,s(!ctQf. The manufacturing 5ectoralso uses a specific factor. capital. Weassume 

competitive factor and cQmmodity markets. Analytically t the upland region is a. standard '2X2 

Heckscher.:QhJiileconomy (Jonesl96.5)~ ThelowlandregioQ .isthefamiliat 2 .. good, 3 .. inpUt 

specific factorS economy (Jones 1971). 



R¢giotlalproducti.Qn\aI}(j,f~¢tdrd¢mallds ares.hQWllias (t') .~ ($~)irlTableL ;Factor 

dema,ndCuncti OIlS (111t(~!)f(4!).apd (5') .ateth¢.<firsl,.:Q(de.rcQnditiQDS ·:of le¢llilotogy~onstrai ned 

cost.;minhn1zatlop1bY'ti '~p~$Crttatlv¢prodUcerb.l each s~t()t* ·~l"I)PfQnt ¢otiditlons.(3~ 'and 

(ot)Statet,hilt.after,.tM;, nW¢r)UC$ are:e~austedill'ractpr:p~ym.ept$. ra<:lQrmatket clearing 

conditions (7)s4\telijat l1phmd, ,and. lowland laQor' anc:iupland;latld·a.te aU fully employed Inthe 

regi()nstowhicbtheyhelong~ Tbe: oth¢tr~<:tors .,...capital. illmanijfacturi~g;and 'land in loWland 

,agriculture ,- are itnmQoo.einthe sbort run; ,eacbi$ thus '(llltyemplo~edipa~ingleseCtb.r* 

CQJJirnoditypnc:ingcondltiotis (~}rel~tethedbtllesticprlceof e.ach:tradablecQnunodity toY/orld 

prices"mQdifiedbytarlirs{jrexport:~es'.WtlYt We'allpW for food prodUcdQRlQ 'beo~edat 

differeI1tratesirtei!chtegion. Eqllation (g) sta(¢s:thatthe 'prQducerprie.~offooQ' ine;l¢hregiotl 

i$eq~aI lQthe.~g~g~te market..clearing food 'price less a :~gioll-.specific.productiotltax~ 

Them.odel inT~ple; 1 CQnttllns 19 equations and 31varjables.Fotoutanalysiswe 

choose-the following variables. to be exogenous: regioIlallnbore:ndowmeQt.$ W:, J.h~ upland l~Qd 

endownient;f.lowla.ndcapitalendowmentsA.d{j= 4lv1); wotJdmarketpricesoftradablespj, 

nndtaxand tariff rates sr·anq ~,a toU)lof J.1 variables.Fot' the modeltobecxactlyidentified we 

mUst determine the value otooernore v~able, theeconomy .. wide"price of food. Pp_ 1'bisprice 

is determined by 3Jl aggregCite food market clearing condition whichwUl he, discussed below 

(equatioo( 15». For the moment it is convenient to thirlK.of ?pasexogenous to producers in 

eitehr region. 

Our interest lies in the impacts aftAA', and tariffcnanges' dn the aUocatiOtlOf upland land 

between foodalld tree crops, and by eXtenSion, on the rate of upland soil ero.sion. these can be 

tipproxlmated by e~pressing .the model in.lefTIlsoiprqportional changes of variableS, then 

solving for changes inetlGogenous prices and quaptities resulting from taxaud tariff changes. 

Asnoted above, 1n this part of the analysis We aSSUme labor to·~ immobile between upland and 

lowland regions. The correctshott .. run characterization of .the labor market inanydevelQping 

economy is an.etnpidca.lquesuom however, sorne fQtro .ofduallabor market assumption is 

main411neQ, explicitly or QilierWise.in mQst cu~nt theorizing dnagriculturallalid degradation 
,~. 



andsoileroSiop..9lnnumericaJsimll.lauQll$latcrig'UJepap¢fWe:ttl9W(9r··.rolgrati()Q'tQ~e 

place11~e" lor the :Iat,Qr'tnar:R¢ttQcl¢ata¢t~s.b9~hn:!1~iQtlS •. GiV¢tlth¢ :stilJctl.lte ·ofsectotcd 

'~lati \Ie f a~tortllt¢nsitl¢$! 'We\fi,t1d:Q~r~ull$(o'berobust 'W,l thrt!~pe¢tt():tb~se two 'Wld¢ly 

diff¢ret1tlabQt:mobiUt}fas$unjpd()ns~. 

~t th¢propprdQJlal"tll@g~ il}i~y variable X l>¢den,Q(edby 'aca,ret"sQk~dXlx'~ The 

PfQporti()n~:cbaJlg~!orroSQr (tt) .. {9~} inTabl~ late iIDYerrbyn) .. (9)below. B¢calJse~acb 

$~ctQt.US~S onl,y:twQ ,(ac;torsthetC! :i$,Jtl$t ·(mefreep~etet' ill :eacb,theelasUcitYQ(' subsd,tUtiQIl 

Q»Th~sbate9r r~ctQr >iirrthe tQtal.cQstsol.sectpl'jisgivenby6ij. In (7)" 'NJ deno~~sthe share 

ofsectorJlllcl11Pl¢ymentpffactor i. In (S),cnanges in 4Qfllesticpri¢esoftbe tWQrradabte 

cQD1Il1oruties<are;·set ;~tchMJgt;!$in.W()tId.pri¢e;a.odin,t.rnd¢ taxes; detJOte(lbyf)= (l+U); Wbere 

1$ {X~4WJ~Finally;iIl(9)the~netichange lnthe prO<iocet,priceo[ foodgrownine~cb region i$ 

equal tothesumioftbe. change lIltbe economy-wide'fo<xlprice anddhanges in. sector;.sp¢cific 

producQontaXe$,given by &,=(l .. sr), where rE{U.L} .. 

/V] ::;:$) - ij/tjo/W -.A) j E{UfX} (1) 

R)= .~ +e~Jcrj( 1ft .... . h.) (2) 

PJ = ehj~ + 6KjA (3) 

lYh =: fit - fJKh(:nt~-~h) h ,E{L.M} (4) 

kh:: tit + 6NhOh(¢ ..... !2k) (5) 

Ph 7: ONbti + e.Kh~h 
/I to, AU 

"-NuNr; + ANXJYX :: N 

ANIft L + "A.NM.*,W = If 
AKf/k u +~KXkx ;:: tV 
.t.. .. " _ A •• ~A, lj - 1:') • 1) 

Pj =PF+Sjt 

j E{X.wJ} 

jE{L,U} 

(6) 

(7.1 ) 

(7.2) 

(7.3) 

(8) 

(9) 

equations (1) and (2}describe factor demand changes in each upland sector in terrrts of 

changes incommOdity outputs and in tbereJative prices of upland landartd labor. An equivalent 

analysis applies lor lowl~ndseclors in (4) ... (6). By the Slofper~SamueJson theorem~ changes in 



t¢gippal (a<;torrpn¢c@tiQ$ .r¢flect>shlfts, inrelativ(!',ptoducerpri¢¢s{eqUl.ltiOhs{3)twd(6)}. 

·PtQdu¢et.ptic~¢hatlgesa:r:e intutndetermi9~d: \b~changes lll~¢~itarirrs; world 'pdcesand. 1n 

·.tb¢:c~¢rrO¢<lt dOnl~$ti¢spppJyanqqetnancL'We 'now 'cQtisiger'lhc:;patd~l ,eq,uHlbtiufrt irop~¢ts 

ofcbangf!sln ,tJlrifts~d .t4.,<e$,'Qur¢sou[¢e·allocatIonanq r~ctof .pn dttgittthe two. rCJp ooS.. the 

~alysisispaf'tii;l.~ utlibrium',p¢qauSl! (or the" 'tllPfil~ntw.eignoreendo,genQu,$. tQ<>dpticechWlges 

caused byadj ustm¢ntsbl :agg~g~ted¢maodand:~,giQnalsuppnes. In Qtdertp fbcllsanpoHcy 

cluutg¢s 'We ~ttm~ 'zerogroWt1thl·faclOr'enq().wrnenJ:$.,~tting\y.;~&l~'f.kU,RL,aijdk;\t~quaJ 

to ZerQt~Or otevityweconoentrate onexp,ressl¢n.srelevanttoH"mdallocntion inupland$f since 

byassurrtptioo.these ~~dite¢Uy otnh¢.eroslon'rat¢. 

l)$tug'.{l) .... (7) we obtain reducedJotrne~pti!S$ions:rorproportiQlltlr ch;,tngcs iil.S¢ctPrat 

QUtpttt$ aI1d~lativef~ct()rpri~es in te[ln$Qfe:tQgenQU$.cb3Jlgesifl.~es, .tariffs, world prices of 

tradablestandt.bepri¢eoffO¢d~ T.aklng1he tlifferencebetwcCI1 the tWo upblildsettor zero profit 

~ondit.iQn$ (51 w¢Ond tb,atretatl'leJaetorpricechanges in uplaudaredirectlyttlatedtQ relative 

cornmodif.'y price ~ba,ng(!sj tnexHfiedbyanycormnodity ~es: 

(ltr • k)- ~fol". ji".r$ u- t)(: J, (10) 

where e:: (etU) - eN:() > 01fuplandfopd productionislabQr'"'intensive <tel~tiveto tI'eecrop 

prQduQtiotl (Jones 19(5). Arise in the price ofttee crops relative to food, reduces wages relative 

to land rents;anidefiucale{f~t isobtalned by an increase in tbetree crppexport $u.bsidy ri'x > 

0) ot1Ul upJamlfood :pr04uction tax. (Su < 0). 

Next. using (8) and (9) We solve for outputichanges in upland sectors as: 

~tJ - EjlF<Pr - fox +$u" tx) (11) 

P'x - -Sx.rJ.P,.-- ~x +SY'" tx), (2) 

where e/!r:> 0 andEx,y > 0 ate own .. price supply elasticities of upland food and tteecrops. A rise 

in the relative price of tteecrops reduces food production and increase tree crop ptoducti.on~ At. 

constant prices tbe same output changes are adlieved by increasing the mteof the e;\;port subsidy 

relative to that oflbe fOOd production tax. 
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Using{lO) "" (12) w¢ca.nsolv¢ (1) and (2) for upland factor d¢Il1 atlQ $ in t¢tms bftnanges 

incommoditypdcesand fiscallnsttuments.lnilie·ca.s¢oftl1¢ ch~geindemand for lan<iin 

llptandfbod produotion, for ~~pl¢, this :substItution yields: 

~t:l ,···f.NtAPp .. f:>x+ ~fJ-tx ), (IS) 

whereENU= Sfr+<OpIJNd8) >O)OOthet things equal, thelU'e~ ofuplandlano, deVQtcdtQfood 

crops is' teduce(lbya'~lativefoPdprice detitlue. At con.stafit.pnces,· increasing the export 

sUbsldyrelative.tothefoodta.x wiUalsoresultlnareduGtion.illfoQCJ.latld,dernand. ~pressiQn 

(13) 'showshow rJirectsectorel.instromentS -uplandfoOO production :ta~.es or-tree crop export 

$ubsidies -- can redUce th~u$e ofuplctiJrlland for food production by incr¢asing dIe telqUve. 

profitability oflr¢c ctQp$~ MoreoveTi·if the upland and Jowlandeconorrues wereinde~nrjent, 

these would be meohl] price poHci¢savailable as lnstrumentsofenvirorunental policy in 

uplands. 

We now relaxiherequiremeo.t ibatthc prlceoffoodremain ,constaIlt. As we will show 

below, tblspticerespQuds endogenoUSly to taxartd tariff ·shifts.so si gus and magnitudes of 

fa(:lorciemand responSes to poUcy cnangesdepend greatly on tberesponse of U1e·(ood p.rice to 

the same changes. Suppose, for e~.arnple~ that the treecrop e~V0rt subsidy were incfeasedby 

1%, $0 1:", :: L From (13), with nochangeio world prices or the othetp¢Hcy variables, the 

change In upland land demand with respect to the subsidy WQuld be: 

Similar expressions can of course be obtained for the other policy changes; all reveal that in order 

to predict the impact of a polley change on the use of upland land for food production it is 

necessary first to knuw the effect of th.e same change on the price of food. 

The food market 

For-political economy reasons most developing coun.try governments insulate domestic markets 

for staple foods from international price .movements. To reflect this we now suppose that food is 

not traded llltematiQnally; accordingly t the food pricePp is detenrtined entirely in domestic 



iTlarkct$~ Thisf()od.pricmgJ1$leis criticaltothetesultsobtilttle~Lin ~e'aI\alysi$"sinceJt is 

through .cJidQgenp~adj qst,tnetltsin th¢· rQOdpriC:¢"~lativ¢ 'to ,prl~es oCuad1iblesthatpoUcy 

¢h1U)gesin Qtlc,regiQo ~c(:l~sou(CelillocatioJl,'pro<iucdofittndinpilt prices in both r~~iorts. 

The J'O<XimaI"ket thusprO.vidC!sacoQduittbropgh whichchangestnu;xes @d tarlfTslevied on 

Iowljllld .S<!ct.ors;UI'ectupland,land al104!;ltion. Tbisr¢glo(1w link :e;\pands the set of economic 

policy instrumentshavlng tile potenUaltoaffectupHmQ1l!source allocation>c It alsocreales the 

pOssibility that.thf'Qughitld1~t imp~ctsQntlp.tandc()mm04ity 8.Ildfactorpnces, pnce pp'licy 

['t!fofIllsapparcnUy unrela.ted: to the· uphmd regiQrtrnightproduce!lune~pected" ctlVifQIUnenW 

cops¢quence$. 

TnegencralequiHbrium change i.n tbepoce of fooddepelldson supply changes ioboth 

.regions as well as on changes in fooddernand, w.hich itself depends onchang~sin cOJllrnodity 

prices as well 'as in the incQmes ofccmsumets .. For simpHcity we assume food to be 

homogeneOUStso consumers make no distinction by tbe region in which It is produc;ed. 

InCQme.~onsmUned utility rtJiWnUzationbya representative consumer ~ orsevcral 

COQSUmers bavU)g identical QOO1othctic preferences) is summarized by anexpeodituro function 

E(P,{/l 1n the ve.ctOt of cQmmodity prices l' and utility; where 1):;:: U( C). To~l income inench 

region. issunimarizedbya revenuefullctic:lIl dCp), wberer = {U~L}; eacb P,a.subset of,PI 

coproins tbeprice$ of goodsprnduced in region r (e.,g. pi'" = (fM, PF»~ Since We suppose. 

tariffs to belloo"zero in initial equilibrium, additional income is generoted from uuiff revenues. 

If these arcretumed toeonsumersthen the aggregate budget constraint can be wdttenas the 

equality nr"xpendituresand diSpQSAbie income: 

.. ...L 1. . U . () •.. . L E(P,lll :;; uc(Pj + 0 CP ) +- fAI'M (~\f" GM) (14) 

where subscripts on E andG indicate partial derivatives of these functions with respect to the 

sUbscriptedprices.8Y Shephard's lemma ~-= CJ is COPSUlller demand for j. and. Of:;: YJ is 

production of commodity J in region r.We can nOw write the market clearing forfoO<:i in termS 

of the derivatives or the revenUe and expendjture functions: 

5f{P";fJ) == ol/(plJ) + Gfo<P~. (15) 



Equa~Qt:'l$(14).and (IS), with(P)., (9'), ('orffi.an.¢!ti¢UYideIlUflcQ'genenllequllibtiUn1 

.sys~emSQlving for endogenous factordemaqQs;]odprlces, cOJ)111lOditY:juppHes.apcldomesuc 

prices; atlAtbeutiUty level of ther¢preserttAtlve(!otlsumer~Market .. cleariJ1g copditious (7~1') .. 

(7.3') ensure [unemplQyment of ttl¢~ors: (14)el'lsute$equalityoraggtega~eexpenditure tl,nd 

income, and (15) reql.li~s.thatthe foPdrnatket is tneqllilibrillm. I3yWaltasl law, WheIlthese 

condttionsaresatisfi¢d tn1deisalsoill bata,rlce. ItlproPQnjQ~al changes of va.riables, the, same 

ex~¢tly identified'.systemis givenby{l),.,(9) and (dependiQg QQ wmchp<lHcy l~ ~ing,Ghang~d) 

either (19), (24)t (29) 01·(34) below. 

The gcncrnl eqtlinbriumhnpadt ora small change in 11 tariffoftaXotl real incorneand 

foodpnce 1$ fOlJlld by totally differentiating (14) and (15), using. th~ price dennilion$ in (8) and 

(9). Th~efff!ct ofea¢bpolicy change. on u.plandl3JJd demandoisfhenfound by sUbstituting the 

geQ¢mlequilibrium change in the price of food with r~spect to that policy Into( 13). We explore 

four policy¢hanges: a tarlffincJ'Ca$e, M export subsidy on tree ct;lJp$,afood production·tax. in 

uplands, and a )owlandfoodpro<!uction subsidy_ 

Tariftlncrease 

To stUdy the ceteris parib~effect of a tariff change we take the total differentials of (14) and 

( IS1~ holding coustartt all policies other than the tariff. We define the change in real income as 

dY:::: BudU, where Eu is the inverse of the marginal utility of income. We denote eXcess 

demand for eacbcoJtl!J1odity ,"" that iSt oet imports (Ej- OJ) - by Zj~ We further note thatEFlj 

=CpEu and EMU:=CMEU. Lastly, in otder to focus on the policy change we let the prices of 

trnciables be fi~ed and ohoose units.so that initially Y= PF ::: P/ :: PAt :; 1. Tbis implies that 

quantities in each sector are equal to their GNP shares. It also follows from this choice of units 

that PM = l+tM' Real income and food prilZe changes In response to a tarlffincrease are then 

found from the solution (0 Ute simUltaneous equation problem: 

[ 
1"'AI:. Ai -IMZ,1.,.IF 1 [ d Y 1 :;: ['MZ/yf.\jd( 1+{.\. ... /) 1 (16) 

Cp ZFP dPp ",ZPMd(l+tM) 

The detenninant of the coefficient matrix is IAI = (1 .~ f,...tCM)ZPF+ (\,,cFZ;'tfF <: 0 in stable 

mod~ls (Dixit and Nt," ~'.,.arll980)llf so when the tariff rate is increased: 



n 

(1.7) 

and 
(18) 

lnan.cconomy withe~stiQg tariff dis(Qrtions~rai$iQg tbetarlfJ'UllamhiguQllsly redUCf!5 real 

income. 12 Tbetarlffrlse bas two contradictory ettectSo.Il food prices. Fil1i4 it induces 

sUbstitution between fOOd andimportables inconsllfllption andproductiQn~thi$ e({cct~ captut~d 

byZPM in (8)1 is positive as long ·~Fand kf·~ net substitutes. The t;.lrirr increase also 

cailSes real income tode<;lil1¢, whh::breducesJOOd demaud~ thise(fecl is¢aptured by the second 

term in (18), and is largerfor abigher initi:;a\ rruifr rate. However, ufllessthe income effect is ,$0 

large as to outweigh the substimtioneffect, increasing the tariff will raise the relative price of the 

non traded good, food (DQrnbuscb 1974; Edwards and Van Wijnbergen 1987). 

Returning tothe·effects of the tariff change on regional economies, it is clear that alUgher 

tariff rate wiU reduce food production inlowlancl$, where manufacturing and agriculture compete 

for loWland labor. What will b~ppen to food production and land demand in uplands? To find 

out .• we eXpress (18) in proportional changes of variables and substitute the resulting c.x~ression 

for the general equilibrium food price change (19) into (13). the change in upland land allocated 

to food production. Expressed. in proportionalchanges t (18) becomes: 

where: 

for = _lAlwl{ ~(f3FM .. 0/-£./...14) + IA~pMfJMM- YA~MM) rIM, 

IAI =~iY{t;(~ff.~ Or",f) -1,\APM~Mf - YM£Uf) }< 0 (r == L'(}) 

~ij ;::: (8C[l8Pj XPJ lei) is the elasticity of demand for good i w,r.t price j; 

tij ;;: (8f;f8Pj )(Pi If; ) is theelasticilY of supply of good I w.r.t price j,' 

0, = l'r ICft + Yu) is the share ofregion r in total food production; 

PM=CMIYis consumptiou of importables as a share of total ex.penditure; 

1M =Y:\./ IYis domestic production of importables as a share of GNP; and 

6 ;;: (1 .. IMPM) > O. 

(19) 
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Asbefore;theJirs~terrn on the r.b.sof(19) is thepri¢e,¢f[ectora;~hift intht!(!;(¢essdemand 

cunteforfQO<i; ,theS¢Goildtermis.lh¢tealinc:011lf;. iIfipactofth~ tariff: change. S\i~dtuUng (t9) 

Into (13) gives:fhegenera)·equilibriumchangeinuplandfood .. lt\lida!location: 

lJu "PI' >- 0 
-t' , ::::S~<: " 
',M . ,1M 

(20) 

Evaluaung.(19) and (20) together it can '~seenthat :raising: tarlffs.~ends toincreasellpland food 

land.area.;r.b.r9qgh substitUtlon effects in COliSUIIlPUQU (~FApO) and 1n lOWland production 

(EtlPo);sincemanl.lfactllOng protec::uoIldrawslabor QutoflowhUldtood andli!duces its supply. 

!b.iseffecthasagreater.(ood price impactifa large fracdonof total fo<:><i supply comes from 

lowland (OL-,jio 1). Theposiuve sUbsututionefiectis diminlshedby anegauye income effect, the 

size of which is goVeoled by the inltlaldegft(! of tracie distortion (thi), theelastiGiUes of eXcess 

demand for importables, and the size of the importablessectotin .relation to GNP. Both 

sUbstitution and tncomeeffects are scaled by the upland food supply elastidtyaNU; whIch 

describes the extent to which resources are transferable between upland sectors. If we accept the 

presumption that sUbstitution effects dominate 1n (19) then tbetariff will raise food prices and 

cause \Jpland land to shift into food production. 

Treecrop E1;;port Subsidy 

The secondexrunple, an export subsidy for the tree crop sector, provides an incentive for 

producers to switch resources. from food to tree crop production. The subsidy is initially zero, 

so unlike the tarlffit generates deadweight losses andflscal costs only at the margin. The 

incrernental fiscal cost of the subsidY, and ofdistortions associated with its ,effects on relative 
.<f 

prices, will lbusbe negligible and can reasonably be ignored in order to simplify the. analysis. 

Taking the total differential of (14)ancl (15). with all policy instruments except the export 

subsidy held constant, yields: 

[ 
l .. tAt:M.fM,Z,MF] '[ d, Y 1 :::::: [-(ZXX -,IMEM~{)d( 1 

+IX) ], (21 ) 

Cp ZFF dPp "ZFxd(l+tM) 

from which we obtain solutions for real income and food price,changes: 

dY= ,.lAI'-l{ZFF (Z.t\' • lAiE.VX) + ,,~jZ.,'-fFZp.dd( 1 +1,0 > 0 (22) 
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en} 
Equation :(22) shows that the: subsidy unambig~()usly Incre~ses ~ggl1!gatereal income~ so.lQhg as 

We ignore Its fiscal cost.1J The Income effect in (23)is thus posidve:tnbrcover. the subsidy 

C~U$esreSOtlrces Jobe drawr1out ofupland food production.I3otheffectsr:.rise the food price. 

To find the effect on upland land demand we ;onceagain write (23) in pl'QpQrtional.changes! 

PF -= ...fAI .. l{ ~(firx -Oc.,€Px)- (PX~)tx'" Y~,<EXX~ tMPM~MX )}tx; (24) 

substituting this into (3) we find! 

~;-em{~- 1)~ O. (25) 

With no change in the price of food the subsidyreducesAr u~ Bowever,the .possibilitye;cists for 

ap~radoxica.l result in Which the export subsidy irtcreases the .food prlce by So much that upland 

food .area .actually increases. The likelihood ofthis.outcome is sma.lland depends on a high 

income elasticity of food demand and a large food supply contraction; nevertheless it. is clear that 

the export sUbsidy will not have the fulleffectintendedaslong asitengende.rsincreasesin both 

aggregate income and the food price. 

FOOd. Sector Policies 

We .next consider the impacts of direct taxes or subsidies on food production sectOl'S. Food taxes 

reduce aggregate real income and. in addition, raise the price of food by causing food sector 

output in the regiorl to which they are applied to decline. Subsidies achieve the opposite price 

and production outcomes, but their effects on .realincome are ambiguous since subsidies alter 

tariff revenue through. cross-price effects in production. As in tbeexport subsidy case 

considered above. we assume that when the only initial distortion is the tarifftthe direct net 

revenue effects of the production t;axesor subsidies will be negUgible and maybe ignored. 

Uplandproduction tax The appropriate rate df a tax on upland food production could in principle 

reduce erosion toa socially acceptable rate by aligning private and social profitability ill that 

sector. However. a production tax on upland food would not unambiguoUSly reduce upland 

food area. Its effect.on upland land use would depend en thee~tent to which the tax caused the 
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economy-wide foodpri¢e to,incre3.se;anclon thee cooseq1.letltlo,,vland supply :respons¢. If We 

<!onsider'd( l"'Sf/)i n lil¢e lotaldiffetential$Of (l4)and. (IS) ,holding world ,priceS(Uldotber 

poIiciesconstalit, We ()Qtrun: 

[ •. I-tMC'M '(M'l,,\.JE' ]'.' .[ dY ]'= ,[ o¥.· .•.. p ..... f<l ..... •.. r ... l ... -S .... u). ] 
C F zpr,. dPp ·e'rPpjO .. su) 

(26) 

dY=IAJ·tfY:uPFZFF + of!FtAi:'r:l-Mt}dCl-sv) ~o (27) 

A rood prOductio.tl ta~, Imposed in. uplands (d( I-sU) < 0) reduces aggregate welfare by 

deadweight los$~sassoeiated withlhetaX, as shown by the first leml in braces in (27). 

However, the tax caUSes imports importSloincrease, both because tbelQwlandfood sector 

expands. causing labor.to now outofmanufactunng, andbecau~ cOrlsumerdemand switches 

toward manufactures. Both etfectsare summatized in the net e,;tcesS demandpatameter ZMF~ 

Theeffectofthe upland food taxon. food pdces is also ambiguous: 

dPr =IAl"f{(l,.tMCM)G~ .. CFO~}PFdO-su) ~.O. (28) 

As with the tariffchange, the upland food tax. .ha:s twoc(}lllradictoryeffects oufoodpnce. The 

upland food sector contracts (the first term in braces) which increases Pf , and aggregate, .income 

dec1ines~ which reduces it. To observe the effects on upland land we once ag(lin convert: (28) Into 

proponioJlalchangesand substitute into (13), to obtain: 

Pp :lAl·l{teuF .. PF Hlrtu, (29) 

flu (for ) ~!J= eNu ~I.J. 1 ~ O. (30) 

As .(30) shows, taxing upland foodprodnction will reduce upland food land area, exceptio the 

event thattne, food price increase itcauses is very .large .. Atbestilie impact of the tax w.ill be less 

than would be predicted by a partial equilibrium policy analysis in which foodpcices were 

assumed to be unaffected by changes in upland production. 

Lowland food produ~tion5ubsidv The distribution of public expenditutes for inigation. 

infrastruoture, extension, f(&Dand input subsidies is substarJia:ly biased lowardslowland 
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agricultliteifineany c:vety developingcO\lntry ~ In.recentciec:ades, 'proquctivHygainsltorn 

"green revolution II hi gh,.yielding<;erea,lvaneue$WerecaptureQiall1lost enurely by lowland 

faunerst,parti¢ulatly th()$¢ with acc;esste irrigation. Tbes.llpply efn~qtQr thls·technlcalprQgres$ 

caused eerealpdces tofhlliP,rofitson th.e technQIQgicallylagginguphmd farms d¢cHnerl'as. a 

result. 11l,e' ,green ,tevol:ution tbus ,contrlbutedtoa slQwing,in the rate of e;x,pansion of annual fOod 

'crops, in uplands (CoXhea.danct,Jayasuriya 1994l. TtlaprQf'it~m~titnizjngptoducel\ technical 

progress is ,equivalent to aJ)ric~r:ise. In outf'i£1aleXcpenment, ,tberefore,wc(lol1sider a subsidy 

on lowland fOOdp.roductioo.TotaUydifferenliatipg (14) ,aIld (15) a$·before. with d( i-su '> 0 

andbQldillg world prices and otberpoUciesconstantt weObWt1: 

frornwhicb: 

[ 
•. j-/,wCM .IMZ~tF ] .. :[ dY ] •. :; [. <Gl .t~G .. >A7F)P, .. Fd .... <I'-Sf) ]..... (31) 

'.: Cr Zp f .dP f . . GfrPrd(1--s!.J 

1 t .L 
d}l' :::: lAt .. {l'LZFF "lhI.GMFZFf- Gf'F'4'iF l}PfCl(1"stJ ~ O. 

dPr =IAl·l{(1-1A,t:'M)GPf- ... CAd; .. tA~'i~1rnpf.cl(l"SL) ~. o. 
(32) 

(33) 

PeadweighJlosses ftQwthe subsidy ~duce realincorne; boweverthe expansi..onoflowland 

agriculture causes manufacturing production to contract $Ouuiffrevenuesin.crease~Onee agaIn. 

therefore:. tbenet welfare gain lsprobablynegative, buttlOl unambiguously so. To find the 

erfect()fth~subsidyon upland land allocation we aga.1nconvert (.33) into proportional changes: 

Pf == IAJ .. l{1;oLSLF "'OLPr+ r.'.iiA~MF }fL • ,(34) 

and substitute intet 13): 

ltv (Pr ~ 
&L=SNlJ Sf..) ~ o. (35) 

A positive lowland supply response to the, subsidy redUces the price of food. but this reduction 

rrta~be offset if tbe tarlff'revenue increase 1s large. Unless this income effect dominateslhefood 

price change, tbe lowland subsidy will cause upland land to shift out of food. The .shift, 

however, :is unlikely lobe as greatasthatspurred by the upland tax or ex,port subsidy (compare 

(3,$) with (25) and (SO». 
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The foutpoH cye~peri mentsj\i$cQndqqteQ ;~Yealtwo:irnp<;lJ"t;tn~pointS •. F1r:st,genel';l} 

equilibrium feedbaeklllayalt~r ot' even .QvertUrnth.e Jrttendi!Qef'fectsof a:chang¢s Intigiven 

pon 0)' ~ SecoQd.areductionin tiplClIlclf oOd.area. :cQuMfJQder $dmeciNUm$tanG~s,be;i~hleved 

'eqUal lysucce$s(uuy. obYinditect: meaijS -a;$ubsi(iYQQ lowlaudfOOdprodu¢tiofl,Qratariff 

rtduction ethf!. OPPOSll¢:ofthe, cas.ea,nalyted byiIS) ~ .. ~. iby the. moreicOoYentioo!lldjn;ct 

Thc.reare ·gOOdpoUticalatldeConornicreasotl$ tC>copsiqertheeff ectSof lQwlandpoU cy 

interventions oouplandresburGea,llocauon.Flrst, foodselr ... $ufTiciency goruscontintletQ 

motivate igoyeI'IiI1lents.toseeksupplygains(romtechr)ologlcaHy'moreadVal1ced lowland areas" 

Second, .¢aSeQfcollcctionandarelauvelydiffu$e impact me~s th~ttrade~esc()ntin Ue to\)e 

hnportant fis¢al policyinstrurtlents in.manydevetoping(;oUtltries. Tbird, strUctural ,adjustment 

.programs fordevelQping.collotriesinvarlably st~ss·tariffreQucdQn as one componenl: Qfafi 

overall strategy of reduclng allocauve inemd~mcy. Our analysis suggestS that{"educingexlsdng 

tariffdistomons;orevencottnteringtbem With. neW distortions such as treecrope:<port 

subsidies, may :also reduce the rate oCuplatldlanddegr:'JdatiOth Ifso. the long ... run. economic 

gainstrorn reduced erosi.ooandlanddegracUition sbould be offset against new fiscal COsts, tariff 

revenue reductions and othetmore visible economic and poUticalcostsof tarlffreforrn. 

It might be argued.thatt.he "disprotect1onl'\ofthe manufacmn.ng sector jmpnci~in either of 

the policy changes just discussed· a subsidy on tree crop producti()n~ orQn l.owland food ... is 

undesirable when indUstrialization isobvioustyanirnportant policy goal in its owtlright. 

However. in an economy in wt:kh policy distortions already conrerconsid~table benefiLS·on the 

manUfacturing sector. theagnctilturalsubsidies wouldmc:rely COlmterbalance some or the 

existing anti,..agric'ulture bias of developmentpolicy. this point servesloreinforce the 

observation that inapoHcy-.distortedecol1omy there frequently '¢xists a "mandate for regulation It 

(Vasavada 1992:597). 

Our,analysis with this .simple model ex.po.ses important general equilibrium. mechanisms 

linking regjonsasweU as sectors. A partial equilibrium an~ysis ignoringregi.onal market 



linkages wou\dQQ$¢tve ,the$ymro~trYbetwe~ll: t~ug uplattdJ<>OQ.JltPQUcUonnnd;subsidizing 

tre¢crop<e~port$.HOw~vetl ,it would falltp. C,aptli~:lnCli~ctf!tt(!GtsoPU)¢ relatIve profita.bUity of 

upl~nq;<::topsf 'atl<l.cQns¢qt.l¢nt,$hirtsl11.1h~aUO(:~tioTrorUplapdtesourcf!Si;~rlsb'rgtrom 

lnter'VentioJ)$lplowland sectors andU1llls111.irted lP uplan(i$thtou$hke>,<:ornrrto<iity markets SlJc.Q 

liS those (oiistilplef oods. SQm~1)re$Crlpti6n~ for .teOuc;e.d :envitQnmefitaldegradation inttplanp$ 

or deYelo,ping countrles.ptedi¢t.that~dllctions itltfclde,tAXes wUlleadto increased, tat~sof 

resour¢e deplenonln'devet Opblg C()Ur.!me$~ 14 Our geileP11:eq'-lilif"riufO:anaIysi SCQottadicts sUch 

predl~ti()nsinthe;caseQfanulllll croP$gIt>Wtl in. uplandS. 

cQmparativ¢.:smti¢s pf'f!diCtJ0(1S5Uch as those we have p~~nted.help identify wbich 

tech1Ucal (iUclmarketpatcimeters ate likely to be impot14nt determinants oCme Qutcome of a polley 

¢hatlg~'~HowevetJcoI11parati vestatic resuhsdlJi.typicallybedefin.i ti vel ysigtled QnJ y in mode Is 

of.minimaldimensiOllS.Evenin th~$implempdelaboveWe can Iuake ,few firm pn~dic;:tion$ 

.allQutiliesigns of changes in .real income, the. 'priceoffO()d~altd the d~mandfor land for upland 

food .pro<luction even with Qnlyasinglemarket link betWeen upland and lowland regions •. When 

changes in ¢ndogenousvariables canootbe predicted a priori~ numerical simulation provides an 

appropoatealtemauvemethod. 

3. SQmelllQstrati:ve e~etimel1ts 

ModelSttucture 

In this section We Iuvestigate the effect.$ of the tax. a.ndtarlff changes considered above in a 

coniputable model usingsYllthetic data intended to be broadly representative of the structuteofa 

developing ecoJ1omy.l,5 These data are presented in Table 2. It(!IIl3 in the table indicates 'thattbe 

two lowland se¢tors together account for nettrly four-fifths (77%) of GNP, while ti:'eccrops 

contribute 14% and uPJandfood 90/Q. Upland sectors. however. account for half oftota! 

em pi oy.ment (item 1). Of thefour$¢ctors. manufacturing is the least and upland food the most 

labor.lntensive, withtbe oilier two sectors holding intermediate p<>sitions (item 2). Because 

lowland production technologies.ate ingenetalmQre advanced, weassumesbort-tun Allen 

elasticitiesoC snQstit1Jtlotl of 0.2 in upland sectorsaild 0.5 inlQwlartd sectors •. Food accounts for 



18 

n1ittleoverhalf(56%)6fconSJ.liiH~.r'(!xpetldituO!$,.rnaI1ufacture<lg6Qds4b%artd:ti'~ctopsA% 

(ttf!m5)~ .Intheab$~nceofOeuerinfQnn~ti()ti w.~N111eQllt,cro$S .. prlc~'eff~ctsin CQtlsumptionand 

itl1pQs~llPi'tiltY in¢om¢!andpwn,~pricf}elastJgi f.ie~.(jr.cQns um¢rdenlat1d fbr'AAch good. 

Th~cQre squcture· of the, IT)odel Used inolJr simulatiQnanatyses is a$ip~~nt~d in Section 

'2. 'We,e:~tf:!Jldth¢ 'model 10 in¢lucIem~u~$Qf~b~tlg~$.in>.trnc1¢~ol11me$arid;'l~!J¢S. 

g<;)v~mrnentnWenues ,and ,expenditui1!s •. Wealso ~ddOrie hUtlalclistorUoo, a subsidy on lowlan.d 

~grlclllturalpfQd\1¢tion.l6ThissubsidY'Il:flectsth¢pmv~ling.bia,sordevelopil1gcountrY 

,government spepdingon irrigatioIl; !.transportand marketingin!rastn1duretrese~hand 

4evel()prnen~ and agncuIturru.hl,puts in{avorofimgated 10wl~dcere~lagriculturerelatiYe to 

uphmda~sancIex;portt!bl~cropsectQI1i. The resulting sectoral protection strUctu~ reflects a 

rematkabIY\1ruforIn 'pauemobserved f1¢tPssdevelopi,Ilgeconotnies, in which· sector-specific 

pplicies confer directprotection. onimport-:<Qmp¢tingmanuf~ctures iUld .staplefoodptoduction 

Il!lativeto agrictiltutal exportables, while theinditectefTe¢tsofttade andmac~conornic policies 

pert~lize aUagnctdtuf,il $ectorsrel~tive to manufacturing (KI11eger, SchiffandVal<ies 1988). 

Our anal ysisconcetns short-ron changes in pri ces, resourCe aUocati on 'and income. In 

this length of run some factorsarespeciJic to SectorS. artdthernobIHty of labor across regions is 

restdcted.11tereforellconsjstent with theshort,.run scope of the rnodeJ'I rather than impose e..r. 

post balance 00 the budget and on the currrentaccount, in our$imulations we permit both t.o 

move into deficit Or surplus. Pennitting the budget and trade accounts to display temporary 

disequilibria is not merely approp.oate fora short-'rtln sirrtulation;if also serves to reveal theklnds 

of macroeconomic stresses to which a gov.emrnentcontemplatinga policy change is likely to pay 

close attention. By this means our analyses revea.lnoton!y the environmental outcome of each 

policy ch~ge,but also some, of its key economy-wide and macroeconomic implications. 



Finally;, fOf'eaqn PQlicyohap.g~ wepteseuttwo·sel$Of sitnul~tiQn results. In the .fi rst We 

m~inWJ1 tbe, dlIal labor tnarket assumptioopf Section 2.. In the secotlclset we relax this condition 

Mdpenni~ migtation~tweetl upltmd$ andlowlMds~ AlJowingtree lab¢rrnobHlty among all 

seqt(:)rsadds aneweconomiclhik between uplanoandlowland regions. 

~i rn ulatioo)Restil ts 

lnTables,3 .. 5 werepott the:effccts of fQurpOUcycbanges,~'1ch bavil1gthe effect of reducing the 

upland hmd area oevotedto food production.l? The cb,anges are:anexportsnbsidYon treecrop 

productioo;tariffreductionin manufactJJring; aPigovi~ productiQrttax on soU-.efoding upland 

foodproJuctfon. nnda $ubsidy oniowland food production. Each policy instrument lS altered 

byaurutormrate of 1 O%.E(fects QoprodUction fc factord< nand, and the priceoffOOd are 

cQnsisten~ with those found in thc.analysiSQf Section 2. 

Asexpected~ the interventions lhataffectuplandsectors diJ'f:ctJy - UtePigovian tax and 

the treecrop export sUbsidy - have relatively .gteater impacts on upland resource .allocation. The 

upland food productlonta~, [or example. reduces land demahdin that sector by 33% in the dual 

labor market case,aI1d by 73% wheHiabor is regionally mobile (Table 3. third column), Tbettee 

crop export sUbsidy (Table 3~ first column) reduces upJand food land area by 13% and Zl% 

respecti·.e[j for the Same two labor market closures. However. tarlffreduction and the lpwland 

.subsidy a.lso contribute 10 reductions in upland food land area; albeit by smaller amounts: 100/0 

and 1<5% for the tariff reduction, and 12% and 32% for the lowland food subsidy. In the single 

labor market case, reducdons in upland food labor demand due to each OCthe lowland 

interventions are not matched by employment eXpansion In tbe more land-intensive treecrop 

sector. The lowlandpolicy changes thus promote outward migration from uplands. 
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from a purelyenvironmept.al vi¢Wpolnt the t:esUlt$in Tabl('!S i.ndlcate that dir1!ctpbli<;ies 

are.relauve.ly.rnore effective illreoucirtgupland roodlandatea~,andshould therefore reduce 

erosion roles laster Irtthe shortOln. However, th¢Qquentac:count~btldgeta.ndreallnconi.e 

changesrejJ<Jrted in Table 4 ~verllconsid¢rabl¢,asymrnetry in the macroeconomlc Jrnpa¢(.$ ()f the 

fQutpolkieSI .Both trade tax.changesincreaserealtoconlc; While the fOOd sector interventions 

reduc¢it 

fiscal CO$tS of food sector taXes are: seen t()besubsUintiaUygreat<~r than those .oftradetax 

reforms~ The (ood sector instrotnentsand the export subsidy are all sources of new deadweight 

losses whicb. othertngs b¢ingequal, will reduce real income. With thetood ~es (hese losses 

ateaccompaPled by reduced importS, and therefore by de¢Uningtarif[11!venues. Thee~port 

sttbsidy, by contrast, has the effect ofmovjng the domestic .pri.ce.ra.Uoof tradablescloser to their 

world price ratio, and the gains from this shift are sUfficient to offset any new resource 

misallocation costs created by the subsidy. 18 

The policy changes alterfactorlncomes in different w~ys, producing a range ofincome 

distributional outcomes. FactQf price movements caused by the policy changes are reported in 

Table 5. Thetreecrop sector is land .. intensive relative to upland food, and ea.ch pOlicy change 

causestbe former sector toe~pand and the latter tocontrocL In the dual labor market 

ex}}¢riments. returns to upland land increase relative to upland wages. which decline by as much 

a$29%. These fa.ctorprice effects are of course moderated wheI11abor is UlobUe. across regions. 

The tree crop export subsidy, for example, promotes expansion of the large ap~ labor,.in~ensive 

lowlanc;lfOQd sector~and so bids up both wages and upland land returns. By contrast. the 

distribution of galns from the upland food tax is conce,ntrated in increased returns to lowland 

Jand. 

In Sum, the environmental benefits from a Pigovian Solulion to upland erosion must be 

weighed against questions about its economic sustainabilityin tenns boUt of narrowly defined 

macrocco.t1omic targets ~nd broader social equ'ity goa.ls.First, policies Which require developing 
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counttygoyemments tQinct.lt' bUQg~tdf!Ocitsate, urtliRetyto be considered desitlble i.n an era of 

Ughtfiscalconstnliots. Secood;poUcies that bicitJpm~ prices of CQfiSuJ1l¢tst1tpleslike rood a.~ 

likely to pe·pQIitically margina1.tblrd,.policycQangesthatreduceaggregatt;real in¢Qn)e afui the 

eartUIlgs of uplrutd laborcantltere,bybeexpec~ecl t()Itlct~eabsQhltepovenyt Md In partlc.ular 

povertY among ,the mO$t vUlQernbJ¢grt>l!{ls tn theecooorny t uplandi.farmers, . Sincernembers of 

the Si!me: groups ate prim~rllyre$pQ(lsiblefotland \lS¢decl~ioo$l~dtng to .changesin etosh:m 

rates, in Ute longer(uJ,ltbeUplaud rOO<! ~cQuldc()tlGeivably ca\.l$eeti'Jsi()ntate$lQiru:reC1Se~ by 

red.ucingthe tenns ofttade ofuplaIld fanners.· 

Fourth. tbeanalysis begsqu.estions.aboutthe jidtninistratlveand,political costs of 
.... 

~temadvepQHciesl' Praeticaland political COJISiderations vinually role 01,lt tbepossibHity of 

imposing. direct prOducQOntax¢soIl upland foo4 produce1'$. Not only Wotl1dthe administrative 

costs of assessing such a tahbe prohibitive. but tn .additioQ, the ~ would reduce th(! ~1;lUVe 

incomes· of grOups known tOOOCttpy the lowest posidonin developing COUntry income 

distributions. Ruling outdlrect ~es on upland food producers and SUbsidies to their 

competitomin factorofllroduqt markets leaves the tnIde ~ OpUO[1S!a. subsidy on tteecrop 

production, ora reducti.on in manufacturing sec~or tariff protection~ The p<:)li ti cal costs of these 

policies should not beminitnizeth in particular, hnp9rt~substituting' industrial capitalists are 

frequently the best-placed to ini1uence, policy. Nevertheless, in addition to its indirect 

environmental benefiw. tariff reduction has the advantage of being consistent with many other 

long-run policy goals in developing cOUntries. 

4, Conclusions 

We have pre~DtJ;!d a small general equilibrium modellllustraUng Jlj;ltket;;;based interactions 

between upl811d and lowland agricultural economIc systems andexpJorlng implications of some 

pubUc polley changes in dlffen!nl sectorS for upland soil erosion rates, as implied by fe;lllocauon 

of land in the up,land region between ·mQre erosive food ctops and less erosive tree crops. 

InonrmodelPlgovian poUutionUUesare superiQr InslrumenlS for.reduGin.g upland food 

area (and by extenslon t erosion); however. tbey and some oUler measureS are inc{)nsistent witb 
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.otherliktly goa}SQC{?Qli¢y.notablyt¢dl.lceq.QUdget deu¢itsatld improved welfare .of poor 

household$.8ye~tension,$pbsidi¢s orpnce.nscs for uplandrO()dptoduceJ$ ..... $Qm~thn~s 

f~c()mmend~ aspaJUatives fQrtanddegnldaUonpmblems -wouldalmo$t certainlY hayethe 

effeotor incre~singuplMd food:landar¢a,.Becallse ofintetT¢gional ~d iptersectorol linkages 

throughf9OdaoQ 19wrmarnetsa,ndilirough,lrade, ta.~ andtarlffpoli¢ies havhlgrtQdireCl 

relaUpnsh1pstoupfandagricultural. production caUldwetl prove effective in reducing erosion" 

produ¢i.llg.~ctivity. Such in${fumetlts sboUld be included In the $et c.)fpo$Sible interventions 

aimed at achieving reductions in, upland. eroslon. 

Out results from . this simple cx¢rcise are intended to be illtJStrativconly" We haye 

ig'Oored.the, .eifects ofcha.ngingland values on the potential adoption of 1 illld-..couscrvil1g 

technologies andihfrasttuctural investments,We havea,lsoavoideq explicit specification of a 

damage function relating uplanderoslon rates to the productivity of lowland agricldtute. This 

relationsmp is as yet poorly understood~ pararnetersgovemitlg the rate of loWland latld 

degta,datiQU due to uplandsQilerosionha.ve. not ~enempirlcally established. 

Our findings highUghtthe need forpo1icies addressing upland soil degradation to 

recognisepotenUalup/andlrnpacts of trade and taxation policies addressedm~nly to lowland 

a.gricultureand non .. agrIcultural (e.g.m~ufacturing) sectors, In deve[opingcountries, real 

wages and agricultural earnings continue to be paidmount determinants of eCOnomic welfare. and 

changes in the price of food continue to be the major determinants of changcsin teal wages and 

agnculttmll incomes. 1'here is every reason to eX~ctthat a change In relative wages or 

agricultural earning opportunities bet\veen lowlands and upland will induce migration and/Qr 

reSQurce reallocation responses such as those we have attempted to capture. Policies aimed at 

slowinguplalld land degradation must take account of economic links among regions. 

Developing country governments considering adoption of policies intended to reduce land 

degra¢ltion arejusUfiably concerned about the implications ofenvironmenml polides for 

economic goals they frequently regard as mOre pressing. Our analysis makes possible e~p1icite..t 

4I11e comparisons of the effects ofa,ltemativepolicy changes in relation to multiple objectives. 



TIle, re$UltsiIl thispap¢fsuggest apoShiverel1!UPtl$lii,p betweepmanufactming tariffr~uction 

and tnoves .away fromerosipu .. increasing\lplandreSource us~panerns~ If these results tcrmun 

trllcirt larger. mote riohly' spedfiecl'Jllodets. ilieusorne common J¢~rs tilaJ .eJ1Virotin1efitalgoals 

mightbeachicv.nbJe only at theexpenseofecQt}QmicgroWih might ~anay¢d. 
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Productlonand factof;denland inuplancisectors: 
i\~ = .N){}j,lV, R ) 

KJ =Kj(1~Sf\ R ) 

.P jYj '= lY:tV] + ,kE) 

;ProductiotlandfaQtord¢tnand in lowlandscctots: 
Nj = i~{}'j''Vt .QJ} 

'Kj =~{JJ' \r\ Qj) 

P jf, = ViVj + QjKj 

Regional factOr markets 
NU +- I.Vov: :::; Na 

NL +NM == NL 

Ku +KX=K.:u 

Domestic prices oftradables 
.Pj ::: Pj s{l + ~J) 

Regional producer prices of f oed 
P,. =PfO '" Sf} 

Variable .definitions: 

Labor use insectorj 
Otitp.ut of sector j 
Upland land price 
Lowland, landlcapitalprice (j =L.ll1) 
Land .endowment i.n ,upland region 
Domestic price of conunooity i 
Production .ta..'( on fQod produced in 
region r (r='U,L) 

Subscripts: 
U Upland food 
LLowland food 

r =U.£ 

(I ') 

(41
) 

(5') 

(6') 

(7.1') 

(7.2') 

(7.3 t
) 

(8') 

(91
) 

Landlcapital use in sector j 
Upland Wage 
Lowland wage 
Labor endowment in region R 

World market price of) (j= ,"1.;.\') 
Tariff (or export tax:) tate on traded 
good J (j =: lvf.X) 

M Manufactured good (importable, produced in lowlands) 
X Treecrops (e~portable, produced in uplands) 



Sec~or 

'Upland food Lowland food Tr~crQps 

I.Seclor shares! [} factor deI11and (Nj) 

tJplatlQ land 0.31 0 

Upland tCloor O~50 0 

;l.Jjwland labor 0 0.66 

Lowland land 0 1.00 

Mfg.capiW 0 0 

2. :Factorsharesin total cost (BU) 

Upland land 0044 0 

Upland labor 0.56 0 

Lowland labor 0 0.40 

LowlMd (land 0 0.60 

Mfg. capital 0 0 

Total l~OO 1.00 

3. Sector shares.l~ GNP (Yi) 

0.09 0.47 

4. Budget shares oLgoods (~':i) 

G.56 

5. AlleneIasticities of factorsubstitutton(oi1 

0.2 

6. Initial subsidy andtarifftates 

o 

0.50 

0.p9 

0.50 

0 

0 

0 

0.04 

0.36 

0 

0 

0 

1.00 

0.14 

0.04 

0.2 

o 

M~nur. Total 

0 1.00 

0 1.00 

0.34 LOO 

0 1.00 

l~OO 1.00 

0 

0 

033 

0 

0.67 

1.00 

0.30 LOO 

0.40 1.00 

0.50 

0.30 



Endoeenous Variible b' .,... -

Dual Laoor Market 

OUtput 
UphUlcl .fOOq 
Lowland ItXld 
'Ttee¢fQPS 

Manufaqruring 
LahorDemand 

'Uplar.dfood 
Lowtand.fcod 
Tt~ec:rops 

M~u(a,~turlng 

l.andAlloatltion 
Upland food 
Tr¢~ctQps 

SinfPe.I..abor~1arket 

OUtput 
Upland food 
Lowland food 
Treecrops 
Ma,n,ufar;turillg 

Labor Demr:mti 
Upland food 
lowland food 
Treectops 
ManUfacturing 

LantJAllocarion 
UplandfbOd 

TreectDps 
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a~JlOrt Tari.t't 
sUl)sldyon reC\l¢t!QnlnUplauQf®dLowla,ndfood 
f.fee'ctp~ . rt)'.lact:u.rin&:Jltt>duction;~prodnsubsid~ 

P~tc~nt.g~ cbBnges 

-11~2 .... 8.6 -27.8 -lO.l 
0.7 0 . .5 O.t 0.7 
7~1 S~S 18~9 6.S 

, .... 1.1 -.0.8 .... 0.2 ..... 1.0 

-9.5 -7.3 -23.7 .... 8.7 

1.7 1.:3 O~2 L6 
9.5 7 •. 3 23,,1 8.7 

--3.2 -2,,5 ... 0.5 -3.1 

-1.3.2 -10.1 -32.9 ... 12.0 
5.9 4..5 14~6 5.3 

-20.0 -15.6 -12.4 -..32.3 

1.5 1.1 3.9 2.5 
10,,2 7.8 '32.6 13.8 
-0.9 -..0.7 0.5 -0.7 

-1.9,4 -14.9 -72.1 -.32.7 

3.6 Z.8 9.5 6.2-
l1A 8.8 32.9 12.2 
-2,.8 ""'2~2 1.5 -2.1 

-2:1.3 -16A -72.7 -31.8 
95 7.3 32.3 14.1 



e.,pprt Tariff 
stiQsidyon ~uctiQtriQ Uphmdtood (..pwhm,Q rood 
treeCtQPslllif~¢tUrin$.er04uctiotl tax . Pt~tlsu?sldt 

BrQd~c.et··.Rnc¢s: 

Upl4IldrQoo 
Lowhmdfood 
Tre~rQps 

Ma.nuf~turiJlg 

COt1$Utner·Pri.ce of Food 
a,PQtts (vQl\mle) 

Imports 
Cllrt¢Ilt:Account (% .orONP) 

Single. Labor Maiket 

Producer Pri ces; 

6.4 
.6A 

to~o 

0.0 
6 .. 4 

12.0 
23.9 
.... 1.2 
0 .. 7 

1.2 

-O.S 
1.2-

Uphwd food 8.1 

Lowland fcx:xi 8.1 
Treecrops 10.0 
Manufacturing 0.0 

Consumer PriceofPood 8.1 
E.,ports(volu.me) 15.8 

Imports 47.1 
CUrrent Account (% at GNP) -1.1 
Gov. Re,ventte{% orGMP) ,0.8 
Gov •. Expenditure (%ot GNP) 1.3 

Budget (%01 GNP) n .... O~5 
Real ~tJl>+-- h·t: __ \.~ ~C~Ll 

.... 2~.8 

...,2~8 

0 .. 0 
--7.7 

-2~8 

9;2 
18.3 
-O~9 

-0 irS 
-0.1 
-0.4 

0.9 

-1.5 
-1.5 

0.0 
-7.7 
.-1.5 

12.2 

20.8 

-0.9 
-"0.4 
-0.0 
-0.4 

0.9 

·-9,,1 '"'"3 .. 3 
0.9 6.1 
0.0 0.0 
O~O 0.0 
O~9 -5.3 

26.4 10.9 
-Ul.S """1.4.5 

4.0 2.5 
-1.3 ~OA 

0.0 4.6 
-1 .. 3 -S~l 

-4~O ",,2.5 

-0.6 0.9 
9.4 lQ~3 

O~O 0.0 
0.0 0.0 

9.4 0.9 
45.2- 20,-2 

2.5 -6.6 
4,3 2.7 

-0.8 -0.2 
OA 4 •. 8 

-·L2 -5.0 
.... 4~3 .... 2,,7 



EndogenQUS Variable 
Duall;loorMarket 
PQJ;tat.Prlc~ 

tJl?l~dland 

UplallcllabQr 
tQwland:l~bor 

.Lowland.laud 
·rvtanltf. capital 

Singlel~borMarket 

Ffi.<;totlJrices 
Upland.hmd 

LabQr 

Low lao ciJ and 
Manut capital 

EXport Tariff 
$upsidYQn nxhlqtionin Qpland.(ood :I...owland fbod 
tree crops rrt'facturing Jlrod~ctiQfitll~prod~stjbsirl.Y 

16.5 5 .. 0 16.3 $;9 
.-1.8' --9.:1 .,.,29 A .,..10.7 

4,,3 -4 .• 4 0.6 4+1 
7.7 -L7 1.1 7.4 

.... 2.2 -9.1 -0.3 -2.1 

13,4 2.7 1 .. 1 -.16.0 
3.8 -4.8 --2.0 4~8 

lLO 0.8 17.1 15.3 
.... 1.9 ..... 9.2 1.0 -14.0 
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1 Tb(! 'pUbH¢g09dclW,a¢teristics()fIlOIl~~int 'pol hitlonal$OreJ1ciertn.feasibl~most Coasi.M 

llargairiirtg$dllltiotJ:s.CllthoiJghthe$¢ .. ~.h!QCca$sioIlallyobsetvedin'trapsactlQJ1$<.be.t.ween 

imJividl1alfannerSwh.ha(ijohJ1Ilgprp~rti~s. 

:~Probl~msPr.SQil(!tosiOQ i~d u(!grn<iatiotI.are:notcon1iped t<:rl1pl andst a.l thQugh i t~ppeats at 

,present th~tIllQstacuteptQblem$are~sQ¢iate(l withuplapdland usepatteros. 

3 The (litferenceb¢twe¢n~rt!nnialand attIl~ crt>P$ dominates ttlostcQmparis.ons oferQsion 

tatesfor.agiv¢tl~t9fphysical condltlQns.Tbe{oU()wingme3$uredmtes orsoiI loss(ora Illajor 

Pbllippine w.atershed atetypl~h 
Ave~spH loss PrQPortion :oftQt::ll 

Area(%) (tlhalyr) soilloss(%) 

Prlmatyandsecondaryforest 

Lowhmdandirrigated. ric& 

Gtasslandlsav;umahb 

Swiddenldiverstfied croplCU1d 

QthetloQo"a. gricultu.ral 

4O.S 

7.2 

38.9 

3···· '''''.' .J.:.. 

10,.4 

2.15 

0.28 

197.80 

428.59 

(1 Nearly all 10 area,s ofloWor DO stope,' . . . . . . .' . . ... 
bMa.mly short fallows foO'mng:.par1of the sw.ddenlannuai cropland base, 

1 

81 

17 

Source: W. Cruz, H. Francisco and Z. Conway (1.988); "The On-Site and Downstream Costs of 

Soil Erosion in the Magat and Pantabangan Watersheds", Journal a/Philippine Deve/opmem 

XV(l). 

4- In most developing COllnr.riesthe irnpa~t of neW upland annual crop production technologies 

designed to minimize Ianddegradationanderosiort remains limited, mairtlyto I'IproJect" sites • 

.s The economic importance of off..:site land degradation efTects typicaIly exceeds that of on-site 

effects (e.g. Cru:z.. Fancisco and Conway, op. cit.). 

6 Given the paucity of data on the relevant physical paraIlleters, we do not expHdtlyificorporate 

nalionallncome lOSS(!5 dUe tolowerOn~siteproducuvityand off .. site damages. Accordingly, in 

out model the definition of real incollle excludes tbeeconomic costs of art-site soil degradation 



,andorr .. sit¢dama~~s~ Aso~r.dis¢t1~$iowdfthr$.J)Qinthltetinthep~J)~rmak¢$<:leatti,gnoring 

th¢seeeQDotWc costs of eJl)Sioll hlti'PdU(:¢sa.tnbigttiJ)' Qy¢rth¢ 'tr,uewe.trare, impacts ,of'p<>Ucy 

cha,ngesthat bothreqtJce'erQstopand~ause ,mc:i,Sllteq r~l incom~ tQd~cl ine~Coflvet$eIYf' ira 

give.tlpQli~ychange~u¢e.$ e.fO$ion·but ill¢T~m~tl~di '~<ll'iIJ¢Qme! the:ch(iflgc ,m.ustbe: 

welfa.te-in,creasing" 

7PcvtiloplngcQuPt(y (oodmaI"ke.t$ atetypicallygQv¢meg,b;y governmetlJn:gulatiorl$lIIvQlYi~g 

q~ti~tive restrictiQn~'which iIlsulated()mesticfOOd,:marke~rr(jm iDt.¢t'Qadonal price 

IJ1QVement$. TlleS~tnt!asur¢seff ectivel Y CouVert food lnt~)'an()n",(r;lde~fgocx:l," 
... 

8Se.eC()Xh~dartdWarr (l.99lJ (ora m()(ie.lbui1t c:ucmg.simiiar lines where a traded good with 

exogenously given pric;e i.Sl>1"OQ4Ced with two ditTe.~nt speclficfactors; the model presented here 

e~tend$the ~rlier~alysi$ to thec.~ wneretheOfJ.tj:nltpnce is endogenously determi.fled. 

9F()t eX31l1ple!"(Interv~ntions in agriculture bave)L11endenQY tQbiasUle publicaUQCatiorio[ 

resources toward the modem (ann..,bou,$ehold subsectorr~I~Uve totheUilditio.n~l andtyplcally 

.l;ibpr .. stlrpl.u~ :subsectorof the ruralecoDomy" {Parc:ieyalld R~ 199h 8)~ 

lOProofsat'e given ill CoXhead and Jayasurlya (l994).and n:1a.y be ObtaiIl~d from tbe authors. 

HIn, Pixitand Norrnan (;Ind lIlEdwardsand va,nWijnbergen 1981) the determinantof' this 

mato4 basa positive sign. Their definition is analogous t.o lAI{EFF .., GUF -. Ga) > 0 in OUf 

model. 

l~ The proof relies opthe fact th~ttbe rnatrixZ of second partial derivatives of the expenditure 

relt;ltion is negadve semidefinl~e The term Inside braces in the expression for dYis the second 

principa1minor()flhlsm~trix and is therefore positive, 

lJ The theory of the s¢coIld .. bestpred,icts that in. a distorted economy real income may in som~ 

circumstances be increased by introducing a new distortion. III the pre~ot example importables 

are ov.erproduced .and undercortsumed relative to tbeir free trade prices, an.d the initial le,Yel of real 

income is less tban itwould be under free trade.. The export subsidy brings the domestic price 

ratio oftradables more closely imo line with wodd .prices and thus redijces resource misallocation 



(d~adweigbt Joss¢s) ea~qlJythetarirf. Theposiijy~,chai1g~in (22)is m¢a511red.relatlve to its 
11l1tial,tadrr~i$tort~dlevet AS.ilPteQiQthete~J, w¢igrHjreth4{i$Ca);c~torth¢ Sllbshly; if this 
Were very.large itcQul<lreverse th~ sl.gnof(22). 

14 FQr e:Glrrtple;%euttimateimpact.ol tmdetaxe$lngenerdli$ to roduce the rote Qf resource 
deple~onsiIlcet11ey wQtSentheterm~of traqer;,lC~ bYdeycjQpingcpun.uie,s" (Lanibf,!rteelal 
Im!3$)~ 

IS 'Most Qfth¢~ta ... n9tablythose foremploymen~ factQtiQt¢nsityaudcOIiS~n)~tbudget shares 
.,. ... are dtawnJrom Philippine ¢ConQrnic statisijp$(NSCB 1992.). 
H)· the gQVetnnlentbudget (lJ) consists o(~venlleSrrQII1 tarlffs.iUldthe upland foodprodu,¢tiQn. 
~!and e~p(mditures onsqbsidies ~ppl.ied tQtre¢cttlpe~pQrts and l()wl~ndroodproductipn! 

* .-.. . . * B ;:T,~{PMM ",SCPF'Yt '" TxP xX + SuPFfL 
Where Mand X ~e import and e~port volumes. These-net tevenues accrue to the model1s 
~pr¢sentatiyecQnsumer. We~sumeinitial mtesoftlietaritrand ¢fthelowland agricUltural 
sUbsid, to be 30% and 7.1 % respec~ely: at these rates ·tatiff revenues areexactlymatcb¢d by . . 
th(!cost of the subsidy. so the budget is in.itially in balance. Since the other two poUcies Sv and 
Tx are initially zero, whenallpoUcies change, the ch~ge in the budget is given by: 

dB:; TMP.~(P.~{+t(+irtT.\1) "SLPry/..CFf F + tL +~L ) .. P~XdTx +PpYudSu. 

A bUdget deficit or surplus resultingfrom changes i:t tax Or trade policies is met by increasing Qr 
reducing the taxation of hQuseholds· factor incomes. 

I""· ThesimulatiOll software used was 08vWACK v.4,,2 (Codsi and Pearson 1988). 
18 The welfarega1n from the ex.port subsidy is a detUonstrationof\he well-4nOwu. principle that 
luan economy witbe;dsting distortions welfare maybe increased by adding a new distortion. 
See footnote 11. 


