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FACTOR MARKET INCIDENCE OF
AGRICULTURAL TRADE
LIBERALIZATION: SOME

ADDITIONAL RESULTS

THOMAS W. HERTEL*
Purdue University and IMPACT Project

Liberalization of trade implies changes in producer prices, which has conse-
quences for farm income, agricultural employment and asset values. The
relative incidence of the effcct of changes in prices on fixed factors depends on
the relative magnitude of the Morishima elasticitics of substitution in agricul-
tural production.

The high profile which agriculture has enjoyed over the course of
the Uruguay Round of the GATT negotiations has stimulated a great
deal of research into the possible consequences of multilateral trade
liberalization. A broad sample of this work is summarized in the recent
volume edited by Goldin and Knudsen (1990). Despite this wealth of
studies, there remains tremendous uncertainty about the likely conse-
quences for world prices of individual agricultural products.! Conse-
quently many policy makers have been somewhat disillusioned
regarding the ability of agricultural economists to conclude much at
all about the likely consequences of trade liberalization for the ultimate
variables of interest, namely farm income, agricultural employment
and asset values.

The analysis of agricultural trade liberalization can be partitioned
into two parts. The first piece of the research puzzle pertains to the
likely consequences for world commodity prices. This has been the
primary emphasis of most agricultural trade modeling efforts to date
and will not be considered here. Instead, the aggregate farm price level
will be treated as being exogenously determined. This enables a sharp
focus on the second part of the research problem: assessment of the
consequences of such a price shock for farm asset returns, factor
employment and farm income.

The assumption of exogenous commodity prices is only strictly
appropriate for a small, open economy. However, by partitioning the
research problem in this manner, 2 number of valuable insights may

* The author is an Associate Professor in the Department of Agricultural Economics,
Purdue University, W. Lafayette, Indiana. He is currently a visiting Fulbright Senior
Research Fellow with the IMPACT Project, at the University of Melbourne.

! See, for example, their summary table in chapter 17 of that volume.
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be obtained in the absence of any consensus regarding the likely
change in world agricultural commodity prices. Furthermore, in many
cases it is possible to say something about the consequences of agricul-
tural trade liberalization for aggregate farm prices in particular
countries. For example, few would argue with the proposition that
liberalization of OECD agricultural policies may be expected to raise
the price of a representative basket of products supplied by Australian
farmers. Similarly, EC farmers would be expected to see lower prices,
on average, following liberalization measures.

The model used in this paper is very similar to the simple partial
equilibrium model used in an earlier paper to analyze the role that
technology and factor mobility play in determining the impact of
reductions in agricultural subsidies (Hertel, 1989). The formal
propositions in that paper refer to the long run, which is characterized
by the notion that nonland inputs are in perfectly elastic supply. From
a policy point of view, the short to medium run is arguably the most
relevant. This paper focuses on the relative incidence of a reduction in
agricultural support when multiple fixed factors are present. The type
of question to be answered here may be posed as follows: Which factor
will experience a greater increase in rental rates, following an increase
in farm producer prices, land or capital? It will be shown that the
answer to this question hinges entirely on the relative sizes of the
Morishima elasticities of substitution between these two inputs.

This breakdown in the composition of a change in aggregate farm
income is of interest, because the mix of factor ownership differs
greatly across farms. For example, some farmers own their land, while
others rent it. If the rental rate on land rises, the former group benefits,
while the latter does not. Similarly some farm households are net
suppliers of labor, while others rely heavily on hired help to meet their
labor requirements. A change in the rental rate on farm labor affects
household income of these two groups differentially.

The implications of simultaneous changes in both commodity price
and acreage restrictions will be explored in further results. Variable
input use will also be examined. Finally, the paper provides a con-
venient measure of the change in farm household welfare associated
with an exogenous shock to the composite price of agricultural output
will be provided in the paper.

Analytical Results
A partial equilibrium model of the farm sector
The analysis begins with the same basic partial equilibrium model
outlined in Heriel (1989), only specialized to the case where there are

two groups of fixed factors in the agricultural sector: land (L) and
nonland (K) inputs.? All remaining inputs are assumed to be in perfect-

2 Intermediate cases, where some factors are partially mobile, are easily handled.
However they add no new intuition.
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ly elastic supply, 1.e. dp./p, = ﬁv Also, constant returns to scale in
production is assumed. The rgsponse of the farm sector to an ex-
ogenous shock in output price, p, = p may be obtained by simultancous
solution of the following three equation system:

9] p=cL6L+cKﬁK
2 0= aL =CL GLLﬁL + ¢k Ok ﬁx + ao
(3) 0=aK=CL OKL 6L+CK OKkK 6K+ao.

Equation (1) requires that receipts be exhausted on expenditures.
Since the price of variable inputs is fixed, the full impact of any change
in product price will be absorbed by the fixed factor rental rates,
weighted by their cost shares (c;). Equations (2) and (3) enforce the
restriction that the availability of L and K is fixed. The parameters o,
are Allen partial elasticities of substitution, so that ¢; ¢ = 1 is the
output-constant, derived demand elasticity for input i with respect to
a change in the price of input j. Output in this case can only be
expanded by substituting variable inputs for L and K.

The partial equilibrium expressions for p. and px are vastly
simplified if we also introduce the concept of the Morishima elasticity
of substitution: p;. Following Blackorby and Russell (1989), u; is
defined as the proportionate change in (q/q;), following a one percent
change in (pi/p;) caused by a perturbation in p;, with all other input
prices and output level fixed. (In this paper a somewhat different
problem is examined, since q. and gk are fixed. Nonetheless the same
definition may be used.) As those authors point out, these elasticities
represent the many-input generalization of the elasticity of substitution
between two inputs defined by Hicks and employed in the widely-used
Constant Elasticity of Substitution (CES) production function. If the
aggregate agricultural production function is approximated with a CES
function, then Pk = Pk = ¢, where o is a parameter describing the
(now constant) elasticity of substitution among inputs.

The Morishima elasticities are closely related to the output constant
demand elasticities, (1n;), and the associated Allen partial elasticities
of substitution (&;). In particular:

Hii =M — N = (G — O4)C; -

They are generally not symmetric, t.e. gk # Mk, and they may be
negative in sign (Morishima complements). However, since 1; < 0, it
is entirely possible that two goods are output-constant complements
(n; < 0) yet Mcerishima substitutes (u; > 0). Indeed, Morishima com-
plementarity is a relatively rare occurrence.

Changes in short-run rental rates

Solution of (1) - (3) results in the following changes in endogenous
rental rates, and the level of output:
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4) ﬁL = [Mk/(CLMkL + Ck Bik)]p
&) f)x = [Hux/(CLpbke + Ck Hix)]p
©) Go = &p.

Here yuxe = Mix — Mkx and Mix = Nxo — Muo are the Morishima
elasticities of substitution between land and other fixed inputs. &, =
cLCk (OLLOkk — 6%Lk) / [-CcLek(OLL — 20Lx + Okk)] is the implied com-
modity supply elasticity of agriculture (Hertel, 1989). (For the sake of
discussion, it is assumed that p, the product price shock, is positive.
However, the following results are equally applicable to the case
where p < 0.) A A

Dividing (4) by (5) yields the condition: p./px = ix./prx which leads
to the first proposition.

Proposition One: The relative factor incidence of an exogenous
product price shock depends entireiy on the Morishima elasticities
of substitution between the two groups of fixed factors. If pyx >
Kk, then the rental price of land will rise by more than that of
nonland fixed factors. If pk. < Pk, the reverse is true. If pyy = pik,
then the relative incidence will be equal for the two groups of fixed
inputs.

In order to obtain further intuition about this result, consider the
instance where kL > pix. This means that, if L and K were permitted to
vary, the proportionate change in (qu/qx) following a one percent change
in (p/px) owing to a change in pk, would be larger than the proportionate
change owing to a one percent change due to a perturbation of p.. That
is, the optimal capital-land ratio is more sensitive to a price change in the
pk coordinate direction. Thus it is not surprising that relatively more of
the benefits would be absorbed by land, when px. > Lik.

The CES Case: At this point it is instructive to consider the special
case in which agricultural technology may be characterized by a CES
production function. Applying the result that yu; = W; = o gives the
following:

(7) pL=cip
(8) Px=ci'p
) 8o = ol(1 - &) / celp

where ¢r = (CL + cx) = the share of fixed factors in total costs in
agriculture, so that (1 - c¢) = the cost share of variable inputs.

The interaction between factor mobility, factor substitution, and the
incidence of a price shock is illustrated in equations (7)-(9). Because
Uk = Mk, both factor prices rise by the same proportion. Furthermore,
this proportional increase (for a given value of p) becomes greater as
the share of fixed factors in total costs falls (i.e., ¢ 7 rises). Offsetting



1991 AGRICULTURAL TRADE LIBERALIZATION 95

this is the fact that the farm product supply elasticity increases as cr
falls, since € = o(1-c¢) / cr. If farm level demand were not perfectly
elastic, this would have the effect of forcing more of the adjustment
onto those purchasing the farm products, i.e., Ipl would diminish.
Finally, note that increasing ¢ also serves 1o the increase supply
responsiveness of agriculture.

Acreage effects

In those cases where acreage set-aside programs are employed (e.g.,
in the United States), there is another important piece of the factor
market puzzle, following agricultural trade liberalization. This per-
tains to the likely impact of releasing idled acreage. Once again, it is
useful to present results for the case of two fixed factors. Appropriate
modification ol eqyuation (2), to introduce a proportional increase in
acreage equal to qu = vy > 0, yields a revised partial equilibrium
solution:

4" PL = ttkp/D — cky/D
(5" 6K = wkp/D +cLy/D
(6) Jo = &P + CLltkY/D

where D = (Coplke + Ck[ik) IS the same denominator as before (equa-
tions (4) and (5)).

Note that the first terms on the right hand side of equations (4")-(6")
are identical to those in (4)-(6). The added effect of the acreage shock
is given by the second term in (4°)-(6"). If it is assumed that L and K
are Morishima substitutes, then D is positive and increased acreage
lowers land rents and raises the price of nonland fixed factors. The
larger the share of nonland fixed factors, relative to the cost share of
land (all else constant), the greater the decline in land rents and the
smaller the increase in returns to nonland fixed factors.

Continuing with the assumption of Morishima substitutes, the out-
put effect of releasing acreage may be seen to be positive, as expected.
Itis also larger, the larger cLpik is relative to cxplx. Using the formulae
for the Morishima elasticities of substitution in terms of the Allen
partial elasticities of substitution (and noting that o = o) yields:
(cLpkL — Ckptik) = CLCk(OLL — Okk). But o < 0, so that this difference
becomes (positively) large when | o | is small, relative to | okk
In other words, the output effect of increased acreage will be large
when it is relatively more difficult to substitute towards land, than it
is to substitute towards the nonland fixed factors. Conversely, if it is
relatively easy to substitute land for other inputs (i.e., when | oLL | is
large, relative (0 | ok |), then the predominant effect of increasing
acreage will be to lower yields and the output effect (qo) will be small.

When pxe = px = ¢ (the CES case), equation (6") reduces to the
following:

9" ao = o[1-cr)/ce]p + (CL/Cr)y.
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In other words, when the Morishima elasticities of substitution
between land and capital are equal, the output effect of increased
acreage depends solely on the share of land in total fixed factor costs
(cu/ce). As cL approaches cr, the increased acreage translates into an
equiproportional increase in output when product price is exogenous.

These results are formalized in the following proposition:

Proposition Two: Assuming land and nonland fixed factors are
Morishima substitutes, an increase in planted acreage (holding
product price constant) will lower land rents and raise the rental
rate on the nonland input. Qutput will increase, with the mag-
nitude of this being greater as c, [lx. increases relative to cxplik. In
the CES case, the output effect of a given acreage change depends
solely on the relative size of the two cost shares: c./(ck + cu).

Note, finally that the basic framework outlined above may be further
extended to incorporate the effects of exogenous input price shocks,
such as a change in the price of feedstuffs.?

Variable input demand in the long run

If the long run is defined as that period over which nonland inputs
are in perfectly elastic supply, then the proportional change in variable
input demand may be expressed as follows:

3 Incorporation of an exogenous input price shock (e.g. an increase in feed prices)
into this framework results in the following cumulative effects on fixed factor rents and
output:

pL= [MKLP* — cKY* + ¢k 0*]/D
PK = [HLKP* — cLY* + cL.8*]/D
Qo = [£sp* — CKMKL Y + cKMLK S*+]/D,

where D is the same as above, but price and acreage shifters have been modified, and a
shifter for nonland fixed inputs has been introduced to captyre the impact of this price
change on the scarcity of nonland fixed factors: 8* = —nxgpe. The exogenous output
price change has been modified to take account of the effect of the increased feed price
on profits, i.e., p* = p — cepg. The acreage shifter has also been modified to take account
of the fact ma}\increased feed prices may indirectly stimulate the demand for land. Thus:
Y* =Y— MLE PE-

As a result of these modifications, a somewhat more damaging net producer price
effect is anticipated, since p* < p < 0. On the other hand, the reduction in net availability
of fixed factors (provided Mg andnLg > 0) will tend to bolster the rental rates for those
factors. The net effect on land rents depends on the relative size of these two forces. In
particular py. is increased if ck(OLE — OkE) > 1, where oy represents the Allen partial
elasticity of substitution between i and j. Similarly px is positively enhanced only if
cL(oKE — OLE) > 1. Of course in the CES case, GLE = OKE = © and the feed price shock
unambiguously lowers pk and pL.
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(10) av =MNvL BL + ao =MNvL 6L +(c Ll OLL — DLL)ﬁO

where v, is the acreage supply response to a one percent perturbation
in land rents, and o, is the own-price Allen partial elasticity of
substitution for land. Multiplying the righthand term by c./cL, making
use of the long-run result that po = ¢i. p, and introducing the definition
of the Morishima elasticity of substitution, yields:

(11) Q= Mv—Mw) +vulci Po
= (llLV +ULL) C L] P.

Expression (11) motivates the third proposition.

Proposition Three: The long-run proportionate change in demand
for variable inputs in agriculture, following a product price shock

of proportion p, is given by (v + ) ¢ L' p. Thus (av/p) >0 as long

as v > 0. Only when land and the variable input in question are
relatively strong Morishima complements, such that Ly < -vw <
0 will the sign of (qv/p) be negative.

Assessing the change in farm household welfare

How is farm household welfare likely to be affected by a change in
the price received for output? Changes in the well-being of the farm
household can be measured in terms of the compensating variation
induced by a given price shock, relative 1o inttial real income. This
may be approximated as follows (see Appendix):

J
(12) CVRI=Ri=0Y ¢ p,
j=1

" is the initial

where R is the proportional change in real income, ¢

share in net farm income of payments to primary factor j, and ﬁj represents
the proportional change in the jth rental rate. The parameter o is the share
of farm income ¢arned on the farm, net of farm factor payments flowing
to nonfarm households. If o is equal to one, then proportional changes
in the share-weighted primary factor price changes in agriculture trans-
late into an equiproportional change in the aggregate farm household’s
real income. In the case of most industrialized economies, o will be less
than one, reflecting the importance of off-farm employment in farm
household income. Thus the proportional drop in real income will be
dampened by nonfarm earnings, the returns to which are assumed
exogenous in this partial equilibrium analysis.

Finally, note that unlike the change in net farm income, quantity
changes do not appear in equation (12). Implicit in this expression 18
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the assumption that if resources leave agriculture, they do so in order
to receive a comparable wage rate. Thus household earnings are unaf-
fected. For this reason inputs which are in perfectly elagtic supply to
the farm sector play no role whatsoever in determining KI.

Substitution of equations (4) and (5) into (12) yields the following
expression for the change in farm household welfare as a function of
the exogenous shock in farm prices:

(13) R1= al(cL/DPLHex/T) Pxl = a(p/C),

where € is the share of net farm income in total receipts. If all primary
factors of production are in fixed supply, then (ci +cx) =C.

In the case where trade liberalization also involves the release of
previously voluntarily idled land in response to a higher producer price
(e.g., deficiency payments in the United States), then (12) must be
modified. This is because when the output subsidy is removed, there
is no longer any reason to idle the acreage, and it may once again be
planted. This in turn generates added income (all else constant) and
must be reflected in a modified version of (12).

]
(12 Ri=a|Y cP+ciPu+y |,

IER P

* —_ A
where ¢ ;=¢/ candy=(u.

From (47), (5") and (12’), the following change in real income is
established, following simultancous perturbations in output price and
acreage:

(13) RI= o { (c./) [Hixp/D - cxy/D +7]
+ (CK/a { p.KLp/D +cy/D ] }
=a[(p+ay/ch

At this point it is useful to summarize the results regarding the real
income changes in the form of a proposition.

Proposition Four: The change in aggregate farm household well-
being (measured as a proportion of initial income), following a
product price exogenous shock of proportion p, may be ap-
proximated based solely on information about cost and income
shares. In particular, &I =( a/C) p, whereC is the share of earned
income in total farm receipts, and a is the net share of farm income
earned off-farm. When p includes the effect of eliminating pay-
ments for idling acreage then an additional term: a( c./c )y must
be added, where y = qu = the proportion of acreage which was
previously withheld from production.
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Numerical Illustration

The Morishima elasticities of substitution derived from the demand
elasticities for Australian agriculture reported in Table 3 of Lawrence
(1990) are presented in Table 1. Note that this matrix is asymmetric
and the diagonal elements are not defined. Further, there is only one
(insignificant) negative off-diagonal element — as against 14 in the
original matrix of demand elasticities. This is an empirical demonstra-
tion of the earlier point that Morishima complementary is a rare
occurrence,

Relative factor incidence

Application of the above propositions to the estimates presented in
Table 1, permits several conclusions to be drawn about the potential
effects of an aggregate price rise for Australian agriculture. Begin with
proposition one. The return to fixed factor i will be disproportionately
affected provided W; > Wy, where j is the second fixed factor (or a
composite of other fixed factors). Inspection of the Morishima elas-
ticities in Table 1 indicates that the elasticities in the operator labor
row are particularly small, relative to other values in the Table. This
means that optimal input intensities in Australian agriculture are rela-
tively insensitive to changes in the shadow price of labor, ie.
Hoplabor,j is small, relative to other values in the Table. This fact is
reflected in the small sum for the operator labor row. Note that the
column sums are uninformative, since they involve summation over
different price perturbations. Furthermore, since:

Z Wi 2 (M — M) Z—Z Nii »

all column sums must be equal.

Because operator labor is very likely to be in fixed supply in the
short to medium run, and because Australian agriculture appears quite
insensitive to movements in its shadow price, this factor price is very
likely to move disproportionately with shocks to sectoral product
prices. For example, when the other fixed factor is land, the fact that
Hoplabor,land = 0 means that virtually all of the impact of r will be
reflected in Doplabor  When paired with capital, as fixed factors, we
have:

A A .
Poplabor / Pcapital = Hcapital,oplabor/oplabor,capital
= (.29/0.01 = 29

Once again, there is a tremendous discrepancy in the way the product
price shock is shared. Livestock is the only other input with a row sum
less than one. Here: Doplabor/Plivestock= 0.04/0.02 = 2.0, in the case
where operator labor and livestock are the only iwo fixed factors.

In the short run it is expected that more than two factors will be in
relatively fixed supply and the precise outcome will depend on the
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factor supply elasticities for each of the seven inputs. However, com-
puter simulation of this more general model indicates that, regardless
of what is assumed about the other inputs, as long as operator labor is
in fixed supply, it will bear a disproportionate share of the shock to
product prices.

It is instructive to contrast the above findings with those based on
a set of estimated Morishima elasticities of substitution for U.S.
agriculture, as reported in Table 2. These are computed from Table 4
of Hertel (1989) and are also based on a seven-input, aggregate cost
function. However, the input categories are not the same. Furthermore,
there are several critical differences in the way in which the two data
sets were constructed.* Thus any comparisons should be made with
some caution. Inspection of the row sums in Table 2 shows that labor
(this time an aggregate of both operator labor and hired labor) is once
again the input with the smallest total. That is, U.S. agriculture is also
relatively insensitive to changes in the shadow price of labor. Further-
more, a comparison of iabor,jWith U 1aborindicates that, regardless of
which factor j it is paired with, the return to labor will always exhibit
a disproportionate movement with respect to a product price shock.

Long run variable input demand

The third proposition derived above pertains to the likely conse-
quences of an exogenous product price shock for long-run variable
input demand. (The second proposition relates to the release of idled
acreage and will not be discussed further, since it does not apply in the
Australian case.) If it is assumed that quality-adjusted, arable land is

4 These U.S. estimates are based on Ball’s data set for U.S. agriculture. It consists of
time series data for the period 1948-79. Most importantly, the rental rates for farm assets
incorporate expected capital gains/losses. This is not the case with the Lawrence data
set. For reasons discussed in his paper, asset rental rates are equal to a constant real rate
of return plus the rate of depreciation. Lawrence’s time series is shorter (8 years), but it
is available for 6 individual states, giving a total of 6 x 8 = 48 pooled observations. Both
of these differences make it reasonable to expect that the Lawrence data exhibits much
less variability in asset rental rates, which in tum may explain the smaller estimated
Morishima elasticities of substitution among agricultural assets. This translates into
striking differences in implied supply elasticities for aggregate agricultural output.
Applying the formula given in Hertel (1989), the aggregate supply elasticity may be
shown to be a function of the submatrix of elasticities of substitution among fixed factors.
When land, labor and capital are all held fixed, Lawrence’s estimates give a value of
€s = 0.003, whereas those from Table 2 give a much larger aggregate supply response,
namely £ =0.53 .

The use of expected capital gains in the calculation of asset rental rates for the U.S.
data set also has a substantial impact on the fitted shares, which indirectly influences
€ and Y; . For example, the 1977 fitted cost share for land in the U.S. was only 0.07
(see Table 2, bottom row). This is because this was a period of rapid appreciation in U.S.
land values. Consequently, the perceived cost of holding land was very low. This causes

-1
cL to be quite large thus leading to an overstimate of long-run U.S. supply response.
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the only factor in fixed supply in the long run, then with
VL= 0, we have av/p = ULv C_I} =452 MLv.

Applying this formula to the first row of elasticities in Table 1,
yields the following percentage increases for variable inputs, given a
one percent increase in product prices: capital = 1.23 per cent, live-
stock = 0.23 per cent, hired labor = 0.77 per cent, services = 0.78 per
cent, and materials = 1.66 per cent. (Aggregate output increases by
0.71 per cent.) In contrast, the first row of the estimated Morishima
elasticities of substitution for the U.S. indicate a much more even
increase in long-run factor demands, with piv bounded by 0.21 on the
low side and 0.27 on the upper end.

Household incidence

Finally, turn to Proposition Four which bears on the question of
changes in farm household welfare following a price shock. While the
Morishima elasticities of substitution play a role in determining the
relative incidence across fixed factors, they are not necessary for
assessing the change in aggregate farm household well-being. For this,
only estimates of C are required, the share of farm household income
in total receipts, and @, the net share of farm income earned off-farm.
Based on the cost shares from the Lawrence study, and subsuming
hired labor into the aggregate farm household, we have ¢ = 0.58. That
is, when evaluated at mean prices and output for the sample in ques-
tion, a predicted 58 per cent of farm costs went to remunerate land,
labor and capital in Australian agriculture. Thus Ri=1.73 (ap). Since
it is expected o < 1, this means that a one percent rise in aggregate
farm prices raises farm household real income by something less than
1.73 per cent.

Summary and Conclusions

As the GATT negotiations over agricultural liberalization struggle
through the ‘home stretch’ there is heightened interest in the potential
short-run consequences for domestic agriculture of the ensuing change
in producer prices. The approach taken in this paper has been to
partition this problem into two parts. The first involves determining
the change in producer prices following global trade liberalization.
This is the focus of numerous large-scale, quantitative modelling
efforts and it is not tackled here. The second part of the problem
involves determining the incidence of a given world price shock in the
case of a particular domestic farm sector. Partitioning the problem in
this way facilitates the derivation of qualitative results which shed
light on the role of technology in determining the relative incidence,
among fixed factors, of a producer price shock. In particular, this
incidence is shown to depend on the relative magnitude of the
Morishima elasticities of substitution in agricultural production.
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The qualitative results also indicate the importance of relative cost
shares in determining the incidence of exogenous shocks to the farm
sector. For example, the partial equilibrium change in the farm
household’s real income can be approximated based solely upon infor-
mation about cost and income shares. No information about technol-
ogy is needed. Yet as a profession, agricultural economists devote little
attention to estimating and reporting these shares. When expected
capital gains are taken into account, the cost of holding farm assets
becomes particularly volatile. How much have these cost shares varied
in recent years? What is the best estimate of current cost shares in
Australian agriculture? There is a clear need to focus more attention
on estimating economically meaningful cost and income shares.

In addition to facilitating derivation of qualitative results, a second
advantage of partitioning the research program into two parts has to
do with the considerable uncertainty associated with the world price
effects of multilateral agricultural trade liberalization. By deriving a
set of expressions for the domestic incidence of an exogenous producer
price shock, it is possible for the domestic implications of these diverse
price projections to be explored and revised as new evidence becomes
available.

Of course in practice the world price effects of agricultural trade
liberalization depend importantly on domestic factor market adjust-
ments. The problems are not separable — particularly for large
countries. Nevertheless, even after the global trade problem has been
adequately modelled, the results outlined in this paper can be useful
for analyzing and contrasting the domestic incidence of trade
liberalization, as predicted by global models based upon differing
assumptions. In particular, agricultural economists would be well-ad-
vised to pay relatively more attention to the Morishima elasticity of
substitution as a means of characterizing agricultural technology and
drawing inferences about the potential incidence of multilateral trade
liberalization.

APPENDIX
Approximating Changes in Farm Household Welfare

The utility maximization problem

Consider the utility maximization problem® for a representative
farm household:

Maximize U(qy, . . . , qn)

N
(A.1) subject to Z PaGn=A.

n=l

5 These derivations follow quite closely the work of W. J. Keller (Ch. 7) in Tax
Incidence: A General Equilibrium Approach, Amsterdam: North Holland, 1980.
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The solution of (A.1) yields N optimal demand equations. If a
commodity (e.g., labor) is supplied, rather than demanded, then q. <
0. Thus, in the absence of transfer payments (A=0), the left hand side
of the budget constraint must sum to zero (i.e. purchases = income). It
will also be useful to define the variable, v, which represents the
household’s disposable income. This must equal earned income plus
transfers.

Now, totally differentiate the utility function, and substitute in the
first order conditions associated with (A.1). This gives:

N N
(A2) dU=Y (U/3¢ndg. = 3, ¥ psdds,

n=1 n=1

where  is the marginal utility of income. Multiplying the right hand
side of (A.2) by (v/v) and (q./q.) and factoring out y and v gives:

N N
(A.3) dU= 0¥ Y (Pa Qo) =2y 3 Co Qs

n—-1 n=1

where ¢ is the budget share associated with good and a,, is the
proportional change in the demand for good n. Thus (A.3) represents
the marginal change in a household’s utility as a share-weighted index
of quantity changes. Note further, that ¢; is negative when good n is
supplied. So, for an increase in labor supply from the farm household,
Cagn < 0, implying disutility associated with more hours of work. Of
course an increase in the consumption of goods and services results in
Ca a,. > (. Thus, if a given perturbation permits net increase in consump-
tion, we expect dU > 0, and the household is better off.

Derivation of the compensating variation

In order to relate changes in utility to changes in prices, the budget
constraint must be totally differentiated, yielding:

N
(A4) Y (Pu+d=driv=1%.

n=l

(Note that the proportional change in transfer is defined with respect
to disposable income.)

Now, it is possible to determine how much income the farm
household requires to compensate it for the loss susfained due to trade
liberalization. Formally, it is necessar); to solve for A such that dU = 0.

From (A.3), dU = O if and only if Z Cn anzo. Thus, by (A.5) the
n=1

formula is obtained for the household’s compensating variation, as a

proportion of initial income:
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N
A A
(A.5) R1=4=Y &p.pn
n=1

In other words, to hold utility constant and keep the household on
its budget constraint, it must receive a proportional change in its
transfer

N
equal to Z Ca ﬁ,, , which is just the budget share-weighted sum of price
n=1
changes.
Now if: (a) the household in question represents the entire farm
sector, (b) all income is earned from farming, (c) the rate of taxation
in agriculture is equal across factors (i.e., pesi/Pi = Pr; /P;), and (d)

initial transfers are zero (A = 0), then cj =—¢; /c . That is, the budget

shares associated with primary factors (i.e., land, labor and capital)
equal the negative of their share in earned income, Assuming further,
that consumer price changes are negligible (i.e., pi=0 forg > 0), we
have:

J
(A.6) Ri=Y ¢ p.
j=i

where ¢} is the budget share for factor j, under assumptions (a)-(d).
If only a fraction (o) of the farm household’s disposable income is

based on farm earnings, then c:- = (o) (- ¢; 7/ ¢) and so:

J
(A7) Ri=a Y. D,
)=

A further subtlety about (A.7) involves the possible ownership of
agricultural assets by nonfarm households. To handle this, o should be
viewed as farm income divided by farm income plus the difference
between farm household earnings from nonfarm sources and nonfarm
household earnings from the farm sector.

Finally, if policy liberalization also relaxes the set-aside constraint,
on idled acreage, then earned income from land is augmented by the
change in planted acreage. This adds another term to the left-hand side

of (A.7): a.c} G, 1 = land.
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