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Abstract

A computable general eguilibrium model is designed ewvaluating the
economic impacts of agricultural policies such as price floors in food
production, price ceilings in food copnsumptiom ard in the use of
agricultural inputs, and irrigation investments. Trade, sales tax, and
¢mtarn;i debt are also featured to assess their interactions with

agricultural policies in fogtering agricultural development.



Modelling Agricultoral Development Policy:
A General Eguilibrium Approach®

by

Ronom Ii. Clarete and Jomes 4. FEoumasset**

1. Introdgction

There is growing awereness of the crucisl importance of agricultural
development to overall economic growth and stability in many developing
conntries (Eicher and Staatz, 1984: Mellor and Jnhnstﬂn,.1934= Horld Bank,
1986). However little is known about how agricultural sectors are affected
by trade and macroeconomic policies and about how agricultural policies affect
i the whole economy. Cur information on thesge matters is based largely on
effective protection and domestic resource cost analyses {e.g. David, 1983)
which describe poorly the resource allocation effects [(Corden, 1967;

Bhagwati and Srinivasan, 1973), and cost of policies.

In thiz paper we describe a computable general eguilibrium model for
evaluating the economic impacts of agricultural dﬂvelﬂﬁlent policies in
developing countries such as price supports, subsidies in the use of key
agricultural inputs, and irrigation investments. Another use of the model
is to analvee price ceilings in food consumption intended to promote a
better income distribution. HNot only can we evaluate the respective comtri-
butions of these policies to agricultural developmepnt, but alss we Ccan
compare development strategies that rely on price interventions wversus those
that shift the supply curve through irrigation investments, a compariscon
previously done using a partial equilibrium framework (Barker and Hayami,

1976) .

*Pm garlier verzion of this paper wvas ﬁreaanteﬂ to a conference on
Applied General BEguilibrivm Analysis in the Developing World at the
Oniversity of Western Ontaric, Movember 15, 1985. We wish to thank A.
Blomgvist, P. Mitra, and J. Whalley for their wvaluable comments. FUHe alone
are responsible for any remaining errors.

)
Azszistant Professor and Professor of University of Western Ontaric
and University of Hawaii, respectively.



The model al=zo incorporates tariffs, export and domestic salesz taxes
in order to assess their impacts on agriculture and on the economy &5 A
whole, as well ag how these policies interact with agricultural policies.
Tariffs and Er:pnrt taxez tend to discourage agricultural production by
lowaring the prices of exportable farm produocts and by raizing the cost of
imported inputs in agriculture, raising agricultural production subsidies.
It is interesting to know whether a free trade regime coold ralse farm
production more efficiently than subsidiez. In the caze of a cheap Food
policy, the question worth locking into is whether a free trade regime by
ancouraging the prodoction of food items, most of which are Et:'tpnrl:a.ahlesr
conld encourage food congumption through lower market prices of food |

products less costly than food subsidies.

T_h:: general equilibrium model described here iz an extension of the
Showon-thalley model to address the policy concerns just menticomed. In
particenlar, we develop an Arrowv=-Debren model of a small-open economy with
homegoods, which features trade, domestic tax, aad agricultural policies,

R mll.-crpen economy framework with tariff policies was already dmlnpaﬂ
in Clarete and PBoumasset (1985). This was modified to accommodate
nontariff trade barrierz, rent seeking, and a Herrisz-Todaroc labor market
distortion in Clarete and Whallew (1935). We further extend this ffmawarh
by .aﬂﬂing price=fixing interventicons amd irrigation investments in agri-

culture, as well az sales taxes.

The general equilibrium treatment of price controls in & closed

econony framework was modelled by Imam and Whalley (1282). We extend




their approach by featuring the interactions of price controls with trade
policies in a small-open ecopnomy model. We follow Imam and Whalley's
traatment of price controls in the case of irrigation water which i=s a
homegood in our model. However, in the case of tradables, excess demands
are absorbed by the rest of the world, which implies public spending and

defici® to defend price controls,

This raises the question of financing the deficit. In FKehoe and
Serra, this deficit was funded by government debt from the domestic private
Beu't;:r- In cur model, we alse allow the government to incur a deficit but
this is paid with public external debt. BAs in the Kehoe-Serra model, we do

not feature debt repayment.

BExisting computable general equilibrium models for analyzing agri-
cultural policies (e.g. defanvry and Subbarac, 1%984; Bautista, 1984; Cuizon
and Binswanger, 1983) typically use the Johanzen approach to applied general

equilibriws analysis (Johansen, 19613}.1 As such, the method is susceptible

1ﬂnncisely. thiz method iz as follows. Consider (1) Fix} = 0 to be the
complete set of general equilibriom relations, where F represents a2 zet of
n functicons, x is an m-dimensional vector and 0 is an n=dimensional
vector (m > n). Then, (2) Gy = 0 is obtained by totally differentiating (1)
with respect o x%. Particularly, G iz an n-bv-m matrix of the partial
derivatives of F with respect to x, and ¥ = Jd+. Y asgane thet G = [51[52]
where Gl iz n-by-n and GE iz n~by-{m—n}; Lurther, we assume that
y = ['F:'ilr:_,'] where y, is the vector of the changes in n endogenous variables

(the unknocwns) while ¥s is the wector of the changes in (m-n} exogenous

variables (the shifters). Tims, (2) can be rawritten as E;l:,rl + GE?E = .
Assuming GII exists, the solution to the model iz (3) e -GIIGEIE. deJanvey
and Subbarao (1978} used the method by Dixon, Parmenter and Rimmer (1984) of
plecewize calculations to minimize the linearization earror in the Johanzen

approach.,



to linearization errors unlike Shoven-Whalley models which use nonlinear,
fixed-point algorithms. There is, however, a more fundamental concern-:
about using the Johansen method. In the process of identifying the model,
it is not uncommon that extraneous relationships to the basic Arrow-Debreu:
model are appended meddling the resulting welfare economic analysis, TFor
example, the nonagricultumral sectors of the economy were left ont in the
puizon-Binswanger model. Hnnetarﬁr_ phenomena were featured in deJanvey and
Bubbarac (1984} .whr:.a apparently treat BONEeY as nentral in. the model. It
should be pointed out however that this concern is not a necessary conge-
q'l.t;mcn of using the approach as demonstrated in Harberger (1962). Besides,
this pitfall can also occor in models usiﬁq nonlinear solution atra.tag:ieit
(McCarthy and Taylor, 1978; Boadway and Trﬁﬁdani;k, 19?%: ﬂté?iﬂ,ﬂﬂ Melo

and Pobinsomn, 1982} .

In the foellowing section, we lay down tl:l.e.huic .stru;:turu.nf mu:- model .
In Section é we introduce ta:iéfs, siles taxes, and price comtrols. In
Section 4, we i.ntrnt-iuct external debt. In Section -5. we add irrigation
investments and subsidies to the model. Finally, potential applicaticns and

limitations of the model are summed up in Section 6.

2. & Small-Open Economy Model =

Consider an economy consisting of N producers, a.nr} H COnSumers.

of the N sectors.(producers), some goods are not traded and: comprise the

-

set SH. All other goodz are fully traded and make up the set ST, The

economy is a price taker in its tradables. We dencte the eXogencus world

p.':ic;s veotor as i,




Production is carried out under a decreasing returns to scale tach-
oulogy,. Every prodecer utilizes M wvariable factors, a sector-specific
factor, and intermediate inputs. De:imtinq X to be the gutput wector, F
to be the M-by-H factor demand matrix and %Z to be the N-dimensional
Vector of fiwed factors, we describe the N production fupctions as:

X P . B e
4 ]{ 5 j}l 3 r « B

Under profit-maximization, one derives the N supply functions,
(1) xj = Hj{w, i Eﬁ?; e T TP

where w and p are respectively the vectors of factor and producer

prices, and the M derived demands for factors in each of the W =sectors,
(2) Fog = By 0o ps Ej}, L Py T T SR

by taking the raspective gradients of the N restricted profit functions.
Intermediate inputs are utilized in fixed proporticon to production. We

denote N-sguare matrix A= [aij] to he the input-cutput matrix,

Economic rents are generated because of the presence of sector-
specific factors. The respective rents in sach sector are given by:

b

M
R v i P R
L2} “.] _D:I 5 iEl aijqui igl ijwi J r v My

where ¢ is the H-dimensiconal wector of consumer or user prices. The
digtribution of these profits is assaomed exogencus. This can be dope by
specifying how T iz distributed among consumers. To simplify our

expogition, we introduce s set of exogenous share pavameters, to be



dencted by the H-dimensional wvector O, defining how the aggregate

profit in the sconomy iz to be diwvided.

Consumer preferences are described hy H utility functions, each a
function of the final demand for goods: T.'Ih = Eh{ﬂ'h}, b= Lyseay Hy wWhere

U denctes the H-dimensicnal wvector of utility indices and Ch stamde for
the ¥N-dimensional wvector of final demands by consumer h. TUnder constrained

otility maximization,

(£} Chj = E'hj!q: Yh} bi="3p cicy B Il daiay  y

where Yh iz the income of consumer h. Summing up (4) asrogs all consumers

Jives the vector of market demami curves, O.

The Incomes of consumersz come primarily From their endowments in
varjable and fixed factors. We assume that consumers are exogenously endowsd
with factors and derive income by selling these rescurces to firms. There is
nt tradecff between leisure anpd market time in the model. Denoting F5 to

be the H=hy=M factor endowsent matris,

M M
(5) X E w,FS,, + 0 _E 8 S B
i=1 j=1
— H —
The total sopply of factor i  in the economy 1s Fs_l = E PSih- =
i=1

Although the total supplies of wariable factors are fixed, their respective

allocations across sectors are endogenous in the model .




Since the world prices of traded ooods are fixzed, we can define the
following Hicksian (Hicks, 1936) composite guantities as in Clarete and

JSroumasset (1985):

(G} I

1]

T G-{cj + I0,) and
- JET =] ¥

A Y
T
i

where Inj is the total intermediste demand for good j. C_ and i, are
- &
‘ respectively the demand and supply for the composite good. According to the
Hicks composite commodity thecrem, goods with constant propartional prices

can be agOr o &ted in value terms and treated as one nammm&ity.

BY choosing a numeraire, we can scale the fixed world prices of traded

goods with a scalar ¢ the domestic price of the composite commodity. If

e
the chosen numeraire iz a collection of homegoods, r, <an be interpreted
a8 the relative price of homegoods and traded goods or the real exchange
rate, as in the special case invelving two tradables and a homegood, the
nuperaire (Dornbusch, 1574). The domestic prices of traded geods are

givern Ly p= rTE.

Summing up {5} across all consumers and egquating the total with
aggregate expenditures of consymers, and using (3}, and {6), we cbtain the
following expression of Walras' Law:

M N
{7 El vl Ejo-FE)+ } poci+In

i j=1 JEER

. - xﬁ} + rT{cT - xT} = (.

)

Thus, general equilibrium for this basic formulation of a small-open econcmy

iz the set of equilibrium prices of homegoocds, factors, and of the CoEposite



s

cum:nﬂihﬁ which clear all markets of homegoods and factors and simaltancously
satisfy trade balance.

Note that there sre no woedges between producer snd consumer pricas af
wiell as between domestic and world prices in the medel. In the following
section, we introduce the government that taxes imports, exports, domestic

sales, and imposes price controls on a subset of traded cormodities.

3. Price Interventionz, Tariff Policies, and Sales Taxes
noprice=distorting govoermecst o onow added into e mEwEely PO pelca
il on oo SN and hnfcrmed Eate aandanoes T et R Floors in prodocing o

subset of traded goods. We denete STC to be the subset of traded goods under
price ceiling policies and STF as the set of traded goods vnder pricce floors
in producing a subset of traded goods. An intersection of STC and STE 1=
allowed. Any excess depands arising from these pricing policies are absorbed
by the rest of the world. Hence, no rationing iz dome in cesponse Lo Such
palicies.

The subsidy cost of price interventions iz fully borme by the
government . To pay for the subsidy, the government imposes tariffs on
imports, and taxes exports and domestic sales. We dencte t to be the vector
of tariff (or expoct tax, if negative) rates and tx to be the vector of =ales
tax rabes.

The domestic price received by producers iz given by:
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where p is the vector of price floors. The total mmount of produection

zubsidy (P5Y izms

[

(33 ST AT O rT;L{l + £ 31X .
j 3 319
JESTF

The domestic price paid by consumers is given hy:

-

minfq .o v (1 + £ )(1 + tx )}, if j £ STC;
= G o J 3
(10} g ={p Al + tx) if j € SH: and
j i i
rv (l+t)1l+te), .  otherwise
LT 3 3 3

whore 7 iz the vector of price ceilings. The total consumption

subzide (2% i=m:

= j
(11) Coadl oF irIuril R e R
: + tx
e 3 e j

Hole the intecactions hoetwoon price interventlion and trade policies in
the model. By varying the vector t, the policymakers can affect the amount of
fubzidies. Increasing btaciff rates or lowering oogport tax cates, for exampls,

Lends Yo reduce production subsidies by decreasiog the wedge botwecn the Floor




price and marginal cost. In contrast, the ame policy measures tend fo
ipcredys consumpticn subsidies by raising the difference betweon mareinal cost
and the =eiling price.

The revenucs from trade taxes (TR) and from sules taxes (CR) arc siven

3

oy

(12) TR= F Tt {C +I0 - ); and

: ¢ s | 3 i
jesT
q tx
J -
R AT e # ppatar g R R v (L + ¢ Jtx NC + ID }
: Gl sty = B T 3 FU5 3
JESTC 3 JE&H iETBC

where THC denctes the set of traded goods with uncontrolled prices,

The fiscal surplus of the povernment iz defined as-
13 D=TR+ CR — 08 - PS.

We azcume that the surplus is given back to consumers in a Iumpesum fashion as
teansfer payments, dencted by TY. We further suppase that the HE-dimensional
vector of share parameters, ¢, which describes how TY is to he distributed to
all consumers in the model is known.

Accordingly, the income of consumer h is modified to f&flﬁét tha

Lransfer payment received by him from the govermment . Egquation (5) becomes

M 1} 4
(58} Y oa F owps e ¥ x T i et - 2
h i ih h 3 h
i=1 3=l

Adding up {5b) ascross all consumers, equatring the result £o the total
expendiiures of consumers in the model, and making use of egquations (3}, (&),
(B} through {13}, we chtain the following exprezsion of Walras' Law, the

derivation of which iz detsiled in the Appendix:




a5 §

i) |
o —_

(7b) 1 wi{_g i L I L ID, - X,)
i=m] i= JEZH

~ +1':T|[CT“-ET:I+{D—TY'.I=U.

General equilibrium for this formmlation will he the set of factor

prices, homegood prices, r and the transfer payment (or lump-sum tax if

T.‘!
D = @) which clears all markets of factors and homeqoods and balances the
trade and public sector accounts. Formally, we solve the following simml-—

taneous equation set for w, pjt?jEEH}. r. and TY:

T
H —
(14) b B F5; = 0, fom Sy
=1
C.+ID. -X. =0 ¥ £ SH;
j £ i 2

CT—}[T=EJ and
O =P =

4. Public Foreign Debt

In Secticn 3, we added price controls, tariff policies, and sales
Eaxes to the model. We let the real exchange rate fully adinst so that the
government can balance its budget. However, governments in LDCs typically
borrow externally in order to fund their balance of payments deficits. Im

thie section, we feature foreign borrowing of the public sector,

We suppose that the govermment can sell public bonds to the rest of
the world at wnit prices. One unit of public bond is egual to one unit of
foreign exchange borrowed or foreign credit. Since the country is small,

the world demand for such bonds is perfectly elastic at the given worla
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marginal cost of credit. To simplify, we assume that the marginal cost of

lending to the small country is zero. Furthermore, due to the static paturc
of the model, the matority date of the credit isz unspecified. These simpli-
fying assumptions imply that foreign credit is Practically a transfer to the

economy from the rest of the world,

Enticipating a Fiscal deficit, the government sells bonds to the world
the amount of which is equal to the expected deficit. PForeign crediters buy
up all such bonds. We denote E to be the amount of bonds sold and L to

be the amount of foreign credit. Thus B — IT; = {0,

Adding B - :&;.= 0 to equation (Th} and noting that TY, the antici-
pated fiscal surplus to be transferred back to congumere, is equal to zero,

we come up with the following expression of Halras" Law:

M i1
EFc) E v f E F..-F5.) + E PO T =)
e ' jesg 3 it

+ thET - KT =L} + (D + B =0

The relevant general equilibrium conditions with foreign borrowing aré:

k| =
(15) = Py~ F5; =0, g
=1
O S E L R | e
3 g i | ~

rIfCT - xT - LY = 0; and
D +8= (.

The last two equalities are respectively the balance of payments and the

balanced budget eguilibrium conditions. The balance of payments conditicon
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statas that the actual trade deficit is egmal to the public foreigm debt.
The balanced budget condition states that the actual and anticipated fiscal
d._efic.'l.ta are equal. EBguation (153) is to ba solved for w, pj [¥j £ S5HY,
L and B.

5. Irrigation Investments and Subsidias

To introduce irrigation investments, we create a market for irrigation
water. Consider now that irrigation water iz added as the (N + I}th sector
of the modal. Accordingly, we expand the dimension of the wN-dimensional
Price vectors in the model to accommodate the price of irrigation water.

We dencte IRE to be the set of irrigated sectors [crops).

The demand for irrigation water ig derived from the marginal product
of water in irrigated crops. Formally, the production functions of these

crops incorporate irrigation water as an additional inpﬁt:

15
{15) X Ej

i ¥: ¥y ECERR;

E ] F §
uj{ j’mj

wherae gj is a decreasifig-returns-to-scale function and i'il:n:JI is the use of
irrigation water in the irrigated sector Jj. In (15}, we allow for substi-
tution betwsen Ii-;la:rj and the variable factors to occur. Under profit maxi-
mization, the derived demand for irrigation water is:

=

16 . = WD, ey ¥ £ IBRR i= R+ 1
{15} o ]ﬁw:F;qi j:-r 3 i

Ceartainly, water is required by all crops. The difference is that in
nonirrigated crops water is provided only by nature. Since the model is
non=-stochastic, we asspme that the amount and distribution of natural (as

opposed to irrigation) water are exogenous for the duration of the analysis.



Accordingly, natural water is incbrporated in 23- With irrigation, irrigated

crops can vary the ase of water, using the market of irrigstion water, while
continuines to utilirze the natural water as & fiwed inmput.
We suppose that the production of irrigation water can be represented by

a production funmction which transfosms variable facters and a2 sector-zpecific

factor into waker:; WE = Ej(nj, 31, whers £ 1 & decreasing-returns-to—seale

function and j denotes irrigation water. Under profit maximization,

(173 WS = WS(p.wiZ ] j = irrigation water
5 ; By

which iz the cupply functien of irripation water. Note that the p vector has
2 th : S =y :
4% its (N#1}  elemest the marginal cost of providing irrigation water.

The link between irrigation investments and water provision is channeled

through the fix&d.input, E-, in (17). which reprosents mostly the fixed
capital that irrigation investments underwrite. Irrigation capital in turn
may take varicus forms such as an irrigatien dam or & system of canals for
gistributing irrigﬂtlﬁn water be varicus farm plots. An exogencus increase in
v:rlgatlan investments will expand the stock of iTTigatlon :aplta‘ ans
dttﬂ“dlngly will =hift the supply curve in (17} ocutward.

The extent uf ‘the shift depends upon the nature of irrigatiom
investments. One of the leading irrigation policy issues at present is Lo
daternine whether eonstructing irrigation dams or improving the manapement of
ex;u,.ng irrigation systems will c¢xpand more the supply of irrigation water.
For cur purposes, we assume that the »:fhnxcal information about the
“E*ﬂtlﬂruhlﬂ between the nature and :ﬂtent of irrigation 1nuy5tmertﬂ and tha

cupply of irrigation water can already be provided by enginéers.




In acder to focus on the tradeoff between investment in irrigation amd
gither policies to inerecase the available supply of food, one needs Lo absteact
from izsues of water monagement. We assume that any inefficioncics in
munageszent are already built into the production function. Subsidies to
irrigation are measured as the difference between the charge per unit of wates
and th: long-run marginal cost of delivering water. Since wWe are abstracting
from issues of information and enfoércement costs, it does not matter whether
the institntional mechanism for water charges is a price per unit or whether
}pantitinﬂ of wator are centrally determined and farmers charged & lump Zud.
in cither case, farmers are assueed to use water up to the point wherc the
marginal product of water equals the user cost, qj.

Since water iz a homegood, our analy:sis of the water subsidy follows

clozely that in Imam and Whalley (1%82). Suppose now that 44, j = ircigation

water, it the price ceiling of irrigation water set by policymakers.

Formally, the user price of irrigation water 15 given by:

{18} q = Ein{[;_.P_EI + tx 31, j = irrigation water.
J el 4

Substituting (18) into (16) and summing wp the result across all ircigated

crops, we get the market demand for irrigation water.

1§ producers would receive qj, then an excess demand for water would

arise and could be resclved through rationing. Howewer, this would consteain
rather then encourage the use of irrigation water and thes would defeat Lthe
purpose of this price ceiling poliey.

Hemce, producers are subsidized to produce more water Lo cover the

excess demand for it. The endogenous sd valorom subsidy rate is:
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1 3
solution of (18) such that WS is egual to the market demand for irrigation

- T L =% s ﬁ_—_l.._q]ﬁ;‘, j = irrigation water. The price pj in tuwrn is the

water. The cost of the irrigation program is:

{19) TS = ) SR TR Z.} + Ic, i = irrigation water
JEIRR 2 w

where IC is the amount of public funds invested in building irrigation

systems. Eguation (19) is subtracted from (13), modifying the fiscal surplus

in the model.

The following excess demand function for irrigation water is added to
the equation set in (14} and is to be solved for the marginal cost of

irrigation water.

(20} m::j - W8 =0,

5. Potential Applications and Limitations

The general equilibrium mcdel designed here can be used to evaluate +ho
economic impacts of agricultural policies, such as price floors in food
production, price ceilings in food consumption amﬁ in the use of E;griculturul
inputs, and irrigation investments. We can also use the model to compare
two-tier pricing policies and irrigation investments as tools for improving
income distribution and food consumption in dewveloping countries. Frevions
comparisons (e.g., Barker and Hayami, 1976), have utilized partial equilibrium

formalations, *

*
Barker and Hayami (1976) also used government expenditures as the
basis of their comparison instead of true economic costs.
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Furthermora, since the model features agricultural as well as trade
atd tax policies, we can use it to assess the relative efficiencies of
these instruments to foster agricultural development. In particular, we
can estimate the producticon effects and the economic costz of a regime of
faxm subeidies and indirect discriminaticon via import protection relative
toca quime of free trade. Also, we can assess if free trade policy by
encouraging the produstion of exportable food items, is a better instrument
to encourage food consumption than food suhsidies..lrbr those interested in

‘agricultﬁial implications of measures which raise tax revemmes, the model

can be used to compare the relative waste of tariffz apnd domestic sales taxes.

The model is also potentially useful in computing constrained optimal
values of policy instruments within the control of the policy-making bodies
in guestion, taking the other policy variables as politically fixed. In this
case, the analyst solves for the valpes of the flexible policy instruments
that maximize real national income subject to the fixed policy wariables.

In practice, this analysis may involve the following. Given a finite set of
policy optiong to offget the inefficiency and undesired consequences of
politically fixed policy distorticons; the analyst uses the model to compare
dizcretely his alternative strategies; the option which gives the largest
net increment o real national income is chosen as the second-best

agricultuyral policy.

A5 is always true in applying abstract models, it is important to bear
in mind what phencmena are left out. The model does pot incorporate
disequilibrium, the process of adjustment, induced investment, oY exogencus

disturbances that may occur during a period of adjustment. Accordingly,



1B

the model should not be used as a predictive tool, except as a point of
departure., It has been designed primarily to assess the efficiency and
equity congequences of alternative policies, not to predict the actpal

path of adjustment,

The model also does not attempt to incorporate transaction cozts and
the forms of economic organization that would be necesgary for a more
realistic analysig of agricultural policy issues. For example, our treatment
of irrigation water as an ordinary commodity with a well-developed market of
its own abstracts from property rights problems with regard to natural
sources of water and enforcement problems of irrigation fee collections.
Hence, our approach here is best regarded as a limited approximation of the
actual allocation mechanism for irrigation water. - Despite these limitations,
the guasi-open economy model developed here provides a natural starting point
for evaluating trade-cffs among price-distortions, quantity controls, and
investment policy. We believe that the model is a potentially useful tool,
if not applied in an owverly rigid and mechanistic fashion, for informing

policy dialogues on agricultural development strategy.
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Appendix

The effective budget constrzint of the commumity is:

N
c—IEI Era- ¥ = G
_a,.I.f‘j j hat iwl i m h =1 i ®

Substituting equation (3I), the definition of Wi We et

M
¢ - fFweEFs Eipxnza Iq - wF ] -7TY=0.
JEqu 3 T e e ja i=l ij 3 1 151 il

This simplifies Lo:

? w [ % T e T ID ) - E%ﬂ

i=1'1 3=1 13 E 3 s e

+ E%IE q {G + ID ¥+ E%tc q . ic + ID )

- -E P‘: - _.E P_!_—T"f:ﬂ.
FEETE 33 jEuTF j 3

Using cquations (8) and (10}, the definitions of domestic conzumer and

j € &%c, and (b) rT:Tj[l * £5)Ks, if § € STF. we get:

producer prices, and adding and subtracting: (a) rT;jil + tj3{Cj + Ibj), if
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.E w ( g £ -FS )+ _Egﬂ piCc_+ 1D - X))
sy RS i e ey | i 3 Aoy 3 5

$ FoEtefc +ID)or F oow (e £ID - X]
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Multiplying g3 with (1 + txg3f(L + taxyd if § € STC and using (6}, the

definition of the Eicksian composite good, we gel:
H H —

Y wi{ PE _“FEE) 4 p(C +#ID -X)
fal 1 =L 33 3 FESHE- 4 -3 ki ]

e

9

A e s e I S e e (¢ +Ip)
T T O CpERT Iy d 3 L | JesTc ] k| (1+tx ) 13 3
3

-

q %

3 3 =

+ = (C+ID) + F T l+tItx(ChID )+ T p bx {C+ ID)
JESTC (Letx J 3 j JEHTC T i s A R s = B s 3
3

£ (p - c v {1+t )IX - TY 2 O.
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.

Finally, using (93, (Y1), (12} and (13}, respoctivaly, the dafinitions of
productisn sebaidy, consumpticon subsidy, taciff cevenue, sales bax revenue,

“and fismcal surplns, we derive equation (Th).
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