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METHODS FOR AGRICULTURAL POLICY ANALYSIS:
AN OVERVIEW

R. E. Evenson, C. F. Habito, A. R. Quisumbing, and C. S. Bantilan

The economic outcomes attending public sector investments in rural
areas and policy interventions in agricultural product and,factor mar-
kets are importaht. They affect the welfare of both rural and’ urban
households. These outcomes are subject to analysis at two levels, The
first \is at the household or farm level. At this level, the analysis is
“partial equilibrium’’ in character since prices and other factors beyond
the control of the household or the farm are taken as exogenous to
the analysis. The second level is the economy level where “general
equilibrium” analysis is possible. At this level, prices of products and
factors are treated as endogenously determined by market clearing

.forces. - ,

We are currently experiencing a renewed interest in the second level
of analysis because of advances in computational technology. The
advent of ‘“‘computable general equilibrium’’ models promises more
consistency than possible in previous models because it ensures market
clearing. It is important to note, however, that the relevance and consis- -
tency of general equilibrium models, rests on an econometric base. If
we do not have a solid, econometrically estimated model of farm and
household behavior, the computational power of modern, computable
general equilibrium models is of little value.

In this paper, we summarize several papers presented at a ‘“Workshop
on Methods for Agricultural Policy Analysis” held at UPLB on August -
13-14, 1985. The focus of the workshop was en methods, both in
theory and estimation, for analysis both at the partial and general equi-
librium levels. The summary is organized in four parts. The first three
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‘are directed toward partial equilibrium analyses, the fourth toward
general equilibrium analyses..
~ In Part 1, the focus is on farm production and on productivity
change. The unit of analysis is the farm and the economic motivation is
that of cost minimization or profit maximization subject to constraints.
- In Part 11, the focus is on consumption, particularly food consumption.
The- unit of analysis is the consumer or the consuming household (both
rural and urban). The economic motivation is that of utility maximiza-
tion subject to budget constraints. In Part. lll, the focus is on the rural
and agricultural household functioning in market settings that are im:
perfect. Both producing and consuming activities are considered, and
production in the household is given special attention. The economic
motivation is that of utility maximization subject to budget, time, mar-
ket and production technology constraints (cost minimization is im-
plied).
~ The focus of the final section is on the methodologies for combining
the partial equilibrium components into a consistent general equnllb-
rium framework.

Figure 1 provides a schematic view of the relationships between the
four areas of concern. it shows the general structure of a model encom-
passing two sets of markets directly relevant to the agricultural sector.

‘These are the markets for agricultural factors (labor, power, and chemi-
. cals) and for agricultural products (rice, animal products, and other
~ goods). Two behavioral “cores’ are depicted as fundamental to these
markets. The first is the producer core, the subject of Part | of this
summary (and of the papers by Bantilan, Sardido and Evenson, and
Evenson). Producer behavior generates the demand size of the agricul-
tural factor markets and the supply side of the agricultural product
markets. The second core is the consumer core, the subject of Part. [l
- (and of the paper by Quisumbing). Consumer behavior generates the
- demand side of the agricultural preduct markets.

Agricultural households also supply labor to the agncultural labor
market. Agricultural labor markets (and other markets) are not perfect
because of transaction costs and related supervison and maintenance
costs. Part Il and the papers by Fabella, 'Roumasset and Evenson,
~and Sah address these issues.

' A full model requires the specifications of the supply side of all
agricultural markets and an specification of other sectors of the
economy. Part IV of this paper and the papers by Evenson and Habito
.discuss two approaches to specifying a full model in which prices are:
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endogenous. One approach, the “impact multiplier” approach, is based
on differential calculus methods and is suited to comparative static
analysis. ‘The second is based on recently developed ‘“‘computable
general equilibrium” methods. -

In Figure 1, policy variables are termed “‘shifters’ and are of four
- classes. Farm technology and infrastructure shifters opérate through the
producer core. Their impact on factor demand and product supply
(holding prices constant) is complex and shifts all of the equations in
th producer core. These impacts must be estimated with actual data
because there is no a priori theory that can specify their impact. Home
technology and infrastructure shifters are of the same type. These two
classes of shifters can also fruitfully be analyzed in partial equilibrium
analyses in which pricesare held fixed.

These two classes of shifters can, of course, also be fruitfully
analyzed in the more general case where equilibrium prices are allowed
~ to change. The other two classes of shifters, those affecting factor .
supply and those affecting product demand, directly affect prices and
can most effectively be analyzed in the general equilibrium framework.
‘In contrast to the first two classes of shifters, each of which shifted
several functions, the factor supply and product demand shlfters can be
- treated as affecting only a single function.

I. PRODUCTION AND PRODUCTIVITY

While the main focus of the studies under review in Part | is the pro-
ducer core system of product supply and factor demand equations, the
concept of productivity is also important. Many programs are designed
to have an impact on productivity. Sardido and Evenson (this issue)
report’ a regional productivity analysis. -In view of the importance
‘and wide usage of productivity measures, we find it useful to begin
this section with a discussion of these measures. -

The term ‘““‘productivity’’ as generally used in reports and studies does
not always have a consistent meaning. Some studies of a macroeco-
nomic nature use the term to mean output per unit of labor. Some agri-
cultural reports and studies use the term to mean output per unit of
land. Other studies use the term to mean output per unit of input or
more strictly an index of output divided by an index of inputs. Some
studnes attempt to mterpret a “‘change in productivity’’ as equivalent to .

“change in technology.” Other studies attempt.to adjust and correct’
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the measurement of outputs, inputs and prices in such a fashion as to
eliminate the productivity residual.}

A clear distinction should be made between ‘“partial” and “total
factor’ or ‘‘multifactor” indexes of productivity. Partial indexes aré
ratios of output to a single input. The labor productivity index and the .
yield or land productivity index mentioned above are cases in point.
Partial productivity indexes where there is only one output and one
input have a simple and sometimes useful and intuitive meaning, Yield
indexes of rice, for example, mean the same thing in different reglons
-and countries.

Once orie moves to a more general index such as a total factor pro-
ductivity (TFP, sometimes called a “multifactor” productivity index),
the physical interpretation is lost. Such indexes can be given a cost
function or a production function interpretation if only one output is
involved. They require an aggregate index of two or more inputs or fac-
tors. (They also usually aggregate outputs.) If this aggregation is based
-on cost accounting, the TFP index can be given a cost of production
interpretation. A TFP index of 110 for a region or time period indicates
that the cost of production has fallen by 10 perce‘nt'relative to the base -
period or region,?

There is no basis for interpreting productivity indexes as technology
change indexes unless additional information is brought to bear on the
issue.> In fact, many sources of measured productivity change other
than the development of new technology may exist, Errors of measure-

“ment, left out factors of production and weather-related changes in
product will all be reflected in productivity measures. Ultimately, the
purpose of productivity measurement is to account for growth and effi-
ciency. Productivity measures themselves attempt to separate the
growth contribution of standard changes in factors as conventionally
measured from other sources. This improves the prospects for
identifying other contributions, as from research and extension, for
example, through further statistical analyses

-

1. See Griliches and Jorgenson (1967) for an example of this. Also, see Deni-
son (1965) for a critique of these adjustments.

2. The development of the productivity index from a minimized cost func-’
tion is explained below.

3. A number of critics of productivity measurement (Nelson 1985) are criti-
.cal of the strong interpretations placed on these measures.

4. See Sardido and Evenson, this issue. '
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The least restrictive basis for productivity measurement is based on
simple accounting. Suppose that all inputs and outputs are measured
correctly and that we also measure prices correctly including rents and
quasi-rents to fixed factors. Then the following accountmg identity will
hold:

(1) ZP Y, SBRX =V

where P, is the price of the ith output, Y,
and R] is the price of the jth factor of production, Xj

The value of the vector of outputs, ¥, will be equal to the value of
the vector of inputs, X, as long as competition prevails (i.e., no
abnormal profits accrue to firms instead of to factors). Now dlffCI'EH-
- tiate (1) totally with respect to time
a.X,

ovY. . oP
: — — L gt =3 R, —L gt
(2) IEP,. o7 dt + :DY, Y : Y

R,
+EX%dt

ot

Note that this equation is exact for small changes.
Now divide (2) by V and muitiply the four terms by

V1Y, PP, XX, andR /R

P Y, Y, Y, P, P, R; X;
@ = g i a T + X i i 9 i dt=2/#
vy, ot Ve o oatr VX
X; R,
.a L gt +3 L L X R R dt
Jj VR, ot
Define PY,  the output share of the ith
7V =5 ‘output and
R, %,

= C, the cost share of the jth factor
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and ;1._ Y dt = )7/ the rate of change in the jth
Y, ot ‘ output and similarly for factors.
Then, (3) can be rewritten as
4ssP+xsy =xCR +zCX
ES,.P,-:'-ES/Y,—E]/ “

or A
-~ -~ ~ o ~ ~ A
5 P+Y =R+ X or Y-X=R-P=T

. where P = 2, S,f\’, etc.

This equation provides the standard definition of total factor pro-
ductivity change T and shows the equivalence of a definition based on
the difference in growth rates between outputs and inputs ( ?<—X) and
input prices and output prices ( ﬁ—ﬁ). Productivity is thus measured as
a residual.’ -

This development did not impose any restrictions on the production
function. Indeed, it did not even claim that one existed. The relation-
ship holds only for “small changes,” and the practical implication of
this is that one should compute it from the.smallest changes possible,
for example, between two short time periods. A longer period index

can be formed by adding up the period-to-period indexes. This pro-
~ duces a “‘chained” index where the weights, §;and C; are not constant
but are specific to each period. (This procedure is generally known as
the Tornquist approxnmatlon to a Divisia index.)®

The TFP-index T has several mterpretatlons- -

(a) Suppose all inputs are constant (i.e., X =0 ) then 7=V mea-
sures the increase in output achievable at conﬁtant input levels,

(b) Suppose -outputs are constant (i.e., ¥ =0)then T=—X measures
the reduction in inputs required to produce a given set of outputs.

(c) Suppose output prices are constant( F=0 ) as when the goods
. are traded in a large market, then 7 ='R shows the rate of increase in

factor prices made possible by efficiency gains.
(d) Suppose input prices are constant ( R=0 ), then T =~P shows the

. output price reduction made possible by technical change. ’

5. The price definition, it should be noted, presumes that a long-run adjust-
ment in the full market takes place. When commodities are traded internationally
this becomes quite complex in practice because prices may not reflect costs very
well. That is, (1) may not hold.

6. See Griliches and Jorgensen (1967) for a discussion on the Divisia index.
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(e) If both input and output prices change, T = A — P measures the
increase in real factgr incgmes made possible by productivity change.

The index T = Y — X can be derived from a production function.
This derivation requires much stronger assumptions than the accounting
index but it also yields more insight into the mterpretatlon of the
index. Suppose one output and several inputs:

8y, =F(X;, Xp...X,)
By writing down this function we are implicitly assuming that underly-
ing the function there is a given known set of technologies and a given
infrastructure (roads, markets, etc.) in which producers operate.”

Differentiate (6) totally with respect to time to obtain

Y, dt dX, dt

N 5 =2 F =

+ F, dt

In this expression F;dt is a natural definition of productivity change.
'lf’Fj( ) is homogeneous of degree one we have:

(8) F,=aY/dX,.= R /P

and
(9) Y, = 2F1X/

Dividing by Y, and substituting (8) and (9) into (7)

(10) oY, _dt = 3 RX BXi 4t + i dr
at v, 7P Y, atx v,
or A

1y v =ECI.)?I.+ T=X+T8

‘ -~
Now we can point out that 7 can be the result of changes in physical
or biological environments, the available techrology, public sector in-
frastructure, errors in measurement or departures from the profit maxi-

7. We could also consider other imperfections such as different skills in (6).
See (2) below.

8. Note that the derivation of this index has not imposed a particular func-
tional form on the production function (6).
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mization and scale economy assumptions used in constructing (11).° .

Such measures are also useful for identifying some of the effects or
impacts of policy-determined shifter variables. The production function
(6) can be written more generally as: -

(12) ¥y = %4W(X F.E) % X

In (12), Y, is the maximum output technically possible given known
technologies of production, the vector of variable factors, X (such as
fertilizer and labor), the vector of fixed factors, F (i.e., factors, such as
total land cultivated or proportion irrigated, which are variable in the
long run), and environmental characteristics, £. (The vector of environ-
mental characteristics includes soil, climate and factors, market and
related infrastructure such as roads and communication facilities and
characteristics of technology availability and use such as farmer school-
ing, availability of exterision services, and research stock variables.)!®

(13) dY,/dF, _gives the marginal products of fixed factors
dY1 /d % gives the marginal products of environmental factors
These marginal product computations can have an important policy
relevance. The value of the marginal products of the variable factors,
for example, can be compared to prices of variable factors to assess allo-
cative efficiency. The underlying econometric assumption for much
production function analysis is that the observed X vector is in fact the
“cost-minimizing” vector of X's. Since the cost-minimizing vector is a
function of prices and of the F and E vectors, it is not actually endoge-
nous (see befow).
The marginal products of the F and E vectors are of more direct
Qolicy relevance since they can be directly influenced by governments.

9, Measures of 7 are useful to policymakers if the measurement is under-
taken in a consistent fashion. The paper by Sardido and Evenson in this volume,
for example, provides measures of 7 on a regional basis for Philippine agriculture.
These indexes provide a perspective on changes in efficiency and are useful even if
the productivity function foundations are not imposed.

10. A TFP index derived from (12) will be a function of the £ variables (and
possibly the F variables if they have not been properly measured. Sometimes (12)
is estimated directly, but in some situations it is useful to first derive a measure of
T from production data and then statistically analyze its determinants. This is a
useful technique when several regions are involved. 7 can be measured in different
regions using different cost shares. Then these measures can be “pooled’” in a statis-
tical analysis -taking advantage of more cross-section variance in £ variables than
possible in an aggregate production function analysis.
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A substantial body of literature estimating returns to agricultural re-
search and returns to schooling of farmers is based on production func-
tion estimates. Similarly, returns to irrigation investment and other
types of government investments have been analyzed in this particular
“partial equilibrium” framework.

Some of these analyses have been flawed by the failure to recognize
(1) that some of the elements in £ may have responded to farm output
and the X's; and (2) that the assumption that the X vector is itself a
function of prices and F and £ means that additional effects are in-
volved. The first issue constitutes. an econometric estimation problem.
This problem requires the estimation of an “‘auxiliary” regression to
dccount for simultaneity bias.The second also requires the estimation
of related “‘“factor demand’” equations. '

Consider-the second problem. The full model mcludes (14) in addi-
tion to (12): :

(14) X; = X; (P, F, E)

where (14) is the set of variable factor demand equations derived from
a cost minimizing problem (to be analyzed below).

Since an element in E, say, extension services, enters in both (12)
and (14) we cannot conclude that the marginal impact of extension
services is fully captured by:

(18) 9Yy / 0Egy
The full effect is:

(16) 3 / 3Eeq = ‘
. i dX dE

where the second term measures the impact of extension services on
variable factor allocation. The first term might then be considered a
“technical efficiency” effect while the second is an “allocative effi-
ciency” effect. Many' public investments.such as schooling and exten-
sion are explicitly directéd toward achieving an allocative efficiency
effect.}?

The minimized cost or “cost function” extension of the basic pro-
duction theory, along with the closely related maximized ‘profits func-
tion” approach, has enabled a sigrificant advance in the analysis of
production. This advance is based on the theory of “duality’’ between
a minimized cost function or a maximized profits function and the un-

dy dx

L4

11. See Huffman (1984).
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derlying production function. This duality enables the specification of
a functional form for the ‘dual” function (the costs or profits func-
thﬂ) such that if certain properties hold for the dual function they will
also-hold for the “‘primal function”’ (the production function).

Consider the case of the cost function. In this case the farmer mini-
mizes the costs per unit of production subject to the production func-
tion (12). The accounting definition of variable costs is: %

(17) ¢ = X R; X; = RX
-minimizing (6) subject to (12) yields first order conditions:

(18) R; = AF; '

~ These can solve for X;*,the variable cost-minimizing set of variable
inputs X,, as.functions of prices, R, fixed factors, F, and environmental
factors, é Substituting the X;* for the X in (6) gives us the minimized
unit cost function: _

(19) ¢*=c* (R, F, E) where C* ,F" and E" are expressed in

per unit output terms,

We can now apply the Shephard-Hotelling Lemma to (19), the mini-
mized cost function, to obtain the factor demand equations per unit of
‘output. This Lemma states that the first partial derivatives of C* with
respect to each factor price yield the demand equation for that factor.

(2) 2 - X RED  (see(14)

dR,

The expression for f; total productivify change, can also be derived
from this cost function.
Differentiating (19) we obtain:

oC"

ot .
Using the transformation noted earlier, this implies
(22) =R+ T

and since in.competition C=Pwe again have T=R-P
We can also define productivity in terms of factor demand equations,

(21) dt = I C "ft dt + C dt

12, Both costs and profits functlon analysis are inherently “short-run’ in na-
ture, A distinction between variable and fixed factors is required. Recent develop-
ments (e.g. Lopez 1984) are improving these models by adding a dynamic element
in the form of fixed factor investment equations.



12 JOURNAL OF PHILIPPINE DEVELOPMENT

Differentiate (20) totally,

0X
(23) 2% 4 =2 N

ot ] ot ot
Define Factoral Productivity Rates as *
axi 1
A
(24) Aj = — — dt
ot X;
The reduction in per unit costs is C* = Zj Ry X7
FYo axX; . 1
(25) — — dt =T Z R gl dt——--=>_3R/R=’~ dt 1
ar C i Y c' J ot C
aX. 1 [a ) )
IR gt - thus, T=2g Ay
ot C

In this development we have not assumed profit maximization, only
that farmers minimize variable costs for each unit of output.’* A more
general and stronger economic motivation is profit maximization,
where farmers not only minimize the costs of producing any level of
output Y, but also produce that level of output that maximizes profits.
The definition of variable profits is:

(26) #=P1 Y1 — R} Xy
The:first order conditions for profit maximization are
(27) P1 F} = R
These can be solved for optirﬁal output, ¥1*", and optimal inputs X;*

as functions of A R, F, and E. Substitution back into (26) yields the
maximized profits function:

13. Factoral productivity rates can be measured residually. They can be aggre-
gated into TFP indexes as in (25). They also measure productivity biases consis-
tently. (See Binswanger and Ruttan, 1978, for a fuller development.)

14, This assumes that output is exogenously determined.
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(8) = = (P X F E)

The Shephard-Hotelling Lemma can be applied to (28) yielding the
output supply equation and the factor demand equations.

*

m

d

(29)_“_ = Y1 =Y‘| (P]: RIF) El)
dP, |
dm

—— = Xi= Xi (P, R, F,E)
dRi

A yet more general formulation allows for a muitiple output produc-
tion process. Multiple autput production processes (including “joint”
production) are common in agriculture. They are characterized by a
transformation function instead of a production function.

(30) g (Y, X,F,E) = 0 where Y isavector of outputs.
Variable profits are defined as:
(31) m = PY — RX

and the maximized “profits” function can be written as;
*

(32) »° =7 (PR FE)

Again the Shephard-Hotelling Lemma gives a system of output sup-
ply and factor demand equations.’

t

(33) dm* [aPi = Vi Yi (P, R F E)

dn* [dR) = Xj = X (P, R, F,E)

J J

The duality theory developments show that the profits (or cost) dual
functions must have the following properties if a ‘‘well behaved’’ trans-
formation or production furiction underlying it is to be assured:'5’

15. See Diewert (1971) and Fuss and McFadden (1978) for a fuller develop-
ment.
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a) The profit function must be monotonlcally lncreasmg in P and
decreasing in A.

b) The profits functlon must be symmetric |n second cross partial
derivatives:

c) The profits function must be convex, i.e., the matrix of second
partial derivatives must be positive semldeflnlte over the range of rele-
vant data points, and its characteristic roots must be zero or positive.

d) The profits function must be homogenous of degree one in Pand
R and the output.supply and factor demands must be homogenous of
degree O in Pand RA.
dyi P 3

ny; o= N =

e) iy defines elastlcmes and jeq Mj=0

The reader may now note'that the dual functions (19), (28) and (32)
ostensibly contain all of the technical information in the primal produc-
tion and transformation functions (12) and (30). Thus, one can proceed
to estimate (19), (28), or (32), or more practically their derivative
systems (20), (29) or (33). This allows a much richer specification for
the policy variable of interest. For example, if system (33) is estimated
with an extension variable we can compute:

(34)dY, JOE oy OYo/dEgq. ———,dXq I dE oy ——, d X, | dE gy

This allows the calculation of the full impact of extension or of other
E-type variables. :
Productivity measures can also be applied to profits function sys-
tems. Define output productivity rates as: -
oY
~ i
(35) E;, = Y. dt
I o !

Using substitutions and definitions given above we can derive: |
-~ -~ A
B6) T = XS E * 2 GA

The paper by Bantilan in this issue addresses econometric issues in
estimating systems such as (29) and (33). Three issues are discussed, 1

16. Fabella (this issue) addresses questions related to risk form behavior and
the “separation’ of producer and consumer decisions.
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namely: (a) the problem of mode 1 selection, (b) the use of panel data,
and (c) the bias in nonrandom sampling. The choice of the above issues
was motivated by problems encountered in the use ‘of the farm level

surveys conducted by the International Rice Research Institute from
1966 to 1984.

The paper shows that the estimation of the dual functions or their
associated systems (or the joint estimation of both) has econometric
advantages over the estimation of primal functions provided that one
has price data variations. First, right hand side variables are explicitly
“exogenous. The quality principle has allowed us to move from a trans-
formation function that is a function of endogenous variables (quanti-
ties) to a dual cost or profit function that is a function of exogenous -
variables (prices, fixed factors). As a consequence, simultaneity prob-
lems are avoided. Furthermore, multicollinearity problems are reduced
since there is less covariance in prices than in quantities. Second, the
functional forms for the systems can be linear and economical in para-
meters and can still have the property of flexibility.

On the first issue discussed, that is, the problem of model selection,.
the problem posed is determination of a mathematical formulation for
the dual cost or profit function. To this end, functional forms that are
flexible, meaning that the parameters can take arbitrary values so that
they do not necessarily impose restrictions on the curvature of the pro-
duction technology, are chosen.

Flexible linear functional forms can be specified directly for the dual
function, As long as this form meets the properties specified above over
the relevant range of data, the duality principle assures that the primal
form is well-behaved. The “flexible forms’” commonly used for the dual
relationships are themselves nonlinear but have linear derivatives. Forms
with linear derivatives are not generally “globally convex,” i.e., convex
at all possible data points, but are convex over certain ranges. These
forms are said to be flexible in that they are “‘second order” (or Taylor
Series) approximations to any underlying actual dual functions. Thus,
they do not impose restrictions on elasticities of substitution between
one pair of commodities. 7 Bantilan discusses the limitations of the
- most widely used flexible forms and suggests alternative forms.

17. See Lau (1974, p.87).This does not mean that it is impossible or always
undesirable to use higher-order expansions. Two studies of the power generating

industry use third-order Taylor-series in their analyses: Fuss and McFadden (1978b).
and Stevenson (1980),



16 JOURNAL OF PHILIPPINE DEVELOPMENT

With respect to the second issue, that is, on the use of panel data,
discussion is primarily directed on errors in variables in panel data.
Sources of bias are presented and a methodology in identifying the

“true” parameters is discussed in a panel data context. Cited is a clever
approach proposed by Griliches and Hausman (1984).

The third issue discussed by Bantilan addresses the sampling bias
problem that results when randomization in the implementation of
survey work is not realized. The key idea put forward in correcting for
the bias is the incorporation of known or assuméd probabilities of
selection or the inclusion of sampling units. Econometrically, this is
implemented in two ways, namely: (a) reparameterization of the model
to integrate the available information; and (b) incorporation of the in-
formation into the error structure of the model. An example of such
implementation is given in the paper. .

The paper on infrastructure, output supply and input demand by
Evenson in this issue reports the provisional estimates of a profit func-
tion-based system for Philippine agriculture. A number of E variables
are included in the analysis.

Il. CONSUMPTION STUDIES

Conventional analyses of consumption behavior are effectively equi-
valent in structure to the analysis of production and costs.'® Demand
functions are obtained through (1) maximization of a direct utility
function subject to a budget constraint, or (2) applying the duality
theory to obtain demand functions from the first derivative of an ex-
penditure function.'®'In the first case; we obtain Marshallian demand
functions in nominal prices and income; in the second, Hicksian (com-
pensated) demand functions in nominal prices and real income.

Let us first take up the utility maximization approach. We specify
a direct utility function

(37) U = U (Gy Gyp...,Gp)

18. We are indebted to E. Torres, L. Lauffer, D. Canlas, R. Alonzo, and H.
Bouis for constructive comments on the papers in this section. .

19. For a review of both methods, see Deaton and Muellbauer (1980, pp.
637-50).
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The goods, G, are treated as “market goods” with prices M. Some of
these may, in fact, be home-produced but M can then be interpreted as
the alternative cost of the good to the household. Cases where this in-
terprétation does not hold are discussed in Part lil.

Utility is maximized subject to a budget constraint.

(38) Y = MI'G' i = 1,....,n

/

\M:

=1

where Y, or income, is usually treated as ‘‘predetermined” or exo-
genous.
This maximization yields first order conditions from which demand
- functions can be derived. Solving the first order conditions (39) and
(40) for G in terms of M yields a system of demand equations (41).
(39) & = AMi
oG/

(40) =M, G, = Y
(41) G = G (v, M)

The demand systems derived from utility maximization should also
satisfy the following restrictions: (1) homogeneity of degree zero'in
income and prices; (2) negative definiteness and symmetry of the
Slutsky substitution matrix; and (3) share-weighted sum of income elas-
ticities equal to 1.0,

In the second case based on the duality theory, the same procedure
utilized to derive a “minimum” cost function may now be employed to
derive a “minimum” expenditure function which shows the minimum
expenditure required to achieve 4 given level of utility.

(42) e* = e (M, Y,0)

Note that we “‘substituted out” the G in the expenditure function in
the same way that we did in the minimized cost function (19).
We can also derive an “‘indirect” utility function which is the equi-
valent of the maximized profits funiction. The indirect utility function
~M* shows maximized utility as a function of prices and income,
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(43) MX = | (M, Y).

Roy’s identify applied to (43) yields a system of Marshallian demand
functions in nominal income and prices, while direct differentiation of
the expenditure function (42) generates Hicksian (compensated)
demand functions with prices and real income as explanatory variables.

(44) G/ =Gy M, Y,)

where Y, indicates that real income is used in the expression.

Young’s theorem and the Slutsky adding-up constraint impose cross
equation symmetry (I,-j= /ji), 2 homogeneity of degree zero in prices, .
and a weighted sum of income elasticities equal to one. Cross equation
(Slutsky) symmetry holds for the compensated or real income constant
price terms. : ' - '

In empirical work, these restrictions are more easily imposed on
Hicksian demand functions due to the difficulty of imposing cross-
equation symmetry on Marshallian demand functions, which have un-
compensated coefficients. It is therefore important that income be ex-
pressed in “real” terms utilizing a proper deflation procedure to enable
this symmetry to be imposed.

Swamy and Binswanger (1983) point out that this depends upon the
definition of a suitable deflator for nominal income, or suitable approx-
imations to the true deflators if the consumer’s utility function is un-
known. Fortunately, recent advances in index number theory permit
the estimation of such approximators. According to Diewert (1976), if
the cost {or indirect utility) function is unknown but is approximated
by a flexible functional form, then certain index numbers can be esti-
mated which, when used to deflate nominal income, provide estimated
changes in real income that correspond exactly to changes in utility
levels. Diewert has shown that any quadratic mean of order r quantity
index can approximate an arbitrary nonhomogeneous utility function
to the second second degree and that any quadratic mean of order r
price index can similarly approximate an arbitrary cost or indirect
utility function. ‘

Despite the existence of a large body of theoretical work on demand
systems, early empirical work in the field largely ignored the problem
of consistency between the characteristics of the utility function and
the characteristics of demand functions, The Linear Expenditure
System (LES) was developed to achieve such consistency. This was an
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important development at the time and placed empirical work on a
consistently analytic footing. Unfortunately, the LES is a highly
restrictive form. Theoretically, the LES assumes additive preferences;
empirically, the system imposes restrictions on the structure of esti-
mated parameters, particularly the absence of complementarity and
the inelasticity of the price coefficients, as well as the exclusion of
inferior goods. In their survey of models of consumer demand, Brown
and Deaton (1972, p. 1197) point out that the imposed structure may
be largely independent of actual price effects if variations in real
income are larger than variations in relative income. Timmer (1981)
also argues that additivity may not be warranted for demand systems
with a high degree of disaggregation, since substitutability within
groups would become significant.

In spite of its restrictiveness, the LES still remains in use today be-
cause it requires relatively little data. (In efféect income (supernumerary
expenditure) is used to identify what are interpreted as price para-
meters.) In cases where data are scarce, and where the analysis is limited
to broad commodity groups, some versions of the LES provide a quick
way of estimating price coefficients, An examplé is Canlas’ (1981)
application of an augmented Stone-Geary utility function with leisure
as an additional good to a cross-section data set without price data.
Using wage rates as a proxy. for the price of leisure, together with data
on total and property ‘income, Canlas first estimated a demand-for-
leisure eéquation, the parameters of which were used to estimate some
parameters of the LES for goods. In this case, variation in the price of
leisure was sufficient to generate a plausible sét of price.and income
elasticities. '

Further developments in the field have produced more flexible
systems from particular utility function specifications. More recent
work is being based on duality theory and flexible functional forms.
This work lags behind the parallel work on the productien side, pro-
bably because of the data aspect of the simplier inflexible systems.
Quisumbing discusses these developments and related econometric
issues in her paper.

Another trend in consumption analysis has been the estimation of
income-group specific demand parameters. This is a departure from ear-
lier studies which applied consumer theory, though formulated from
the decision perspective of a utility maximizing consumer or household,
to aggregate market data expressed in per capita or per household
terms (Timmer and Alderman 1979). Income-group-specific parameter
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estimation has been proposed on the grounds that substantial differ-
ences in consumption behavior exist at different income levels. This is
easily verifiable from income elasticities estimated from cross-section
budget studies, but recent estimates of price elasticities do provide evi-
dence that price responsiveness varies with income, usually inversely,
for food and other necessities. ,

Income-variation of uncompensated price elasticities follows from
Slutsky’s equation (45):

(45)e,.j=S,-/-—Wi E; i,j=1,...,‘n__
where ejjis the uncompensated price elasticity, §;; is the Slutsky (pure
substitution) elasticity, W; the budget share, £; the income elasticity.
Empirical work has shown that, following Engel s law, budget shares
and income elasticities for basic commodities such as food (and starchy
staples) tend to decline as income increases. Even if we assume that the
substitution elasticities S;; do not vary, falling budget shares and in-
come elasticities would lead to declining e;; as income increases. How-
ever, Timmer (1981) carries the agreement further to suggest that
Slutsky elasticities also vary inversely with income, i.e., even when com-
pensated for the income effects of price changes, the poor are more re-
sponsive to price changes than the rich. Timmer has called this an
income-related ‘“curvature” in the Slutsky matrix.

Some: of the reasons behind the “curvature’” have been discussed by
Bouis (1982), who says that different constraints on nutrition-related
consumer behavior may be considered binding at various income levels.
However, Bouis disagreed that the relationship between elasticities and
income was a monotonic inverse relationship, citing evidence for a
“parabolic” pattern particularly for cereals. That is, elasticity may be
low and then rise with an increase in income, and then follow a mono-
tonic decline. His discussion focuses on the interaction between the
“bulk” constraint which must be satisfied first, and the consumer’s
desire to obtain the other characteristics in food, e.g., taste, diversifica-
tion. This “parabolic” (or inverted U-shaped) pattern is corroborated
by some of the studies reviewed by Quisumbing in this volume.

One major constraint to estimating income-varying price elasticities
without the imposition of additivity assumptions is the need for a fairly
large cross-sectional data set with adequate price variation. Fortunately,
such data series do exist for the Philippines and are now beginning to be
used extensively for this purpose. Most of the efforts to estimate these
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parameters have followed conventional demand specification with
prices and income as explanatory variables; while most -applications
have been in the area of food and nutrition policy analysis,

Although recent consumption analysis has moved toward the analysis
of distributional effects, the conventional methodology for consump-
tion studies ignores the fact that most goods in final “ready to con-
sume” form have been partially produced in the household. In addition,
the simple model discussed above has only price and income measures
as explanatory variables, neglecting the effect of household composi-
tion, schooling, and other demographic variables. Furthérmore, the
model does not really address the matter of the appropriate unit of
observation. In practice, most consumption data are observed by house-
- hold, not by individual, and are converted to per capita terms to con-
form to the individual utility-maximizing model of conventional con-
sumption analysis.

Fortunately, a second and quite independent line of analysis has
emerged over the past 20 years or so — one that does recognize the
importance of production in the household and which recognizes that
households have to be regarded as the core of analysis. There is con-
siderable convergence between this household economic approach and
the older consumption literature and the duality literature but it is not
complete. As a result, we find that conventional empirical consumption
analysis, even when taking into account some demographic variables,
still retains a fair amount of anomalies, For example, some authors have
included demographic variables, schooling, and other variables in their
model specifications. It is sometimes argued that these variables affect
tastes or the ‘‘pre-committed” quantities that are part of the LES sys-
tem. Beyond that, however, the analysis is sadly lacking. Demographic
scaling procedures are also used to deal with the household “problem’
in a number of studies. One of the more popular methods is the use of
an ‘‘adult equivalent scale” instead of simply converting household level
data to per capita terms. Most adult equivalent scales use relative
recommendeéd daily allowances (RDAs) to express nutfitional require-
ments for family members of different age and sex groups in terms of a
reference adult male. However, this method does not completely cor-
rect for the unequal distribution of food and nutrients within housé-
holds beyond the biological requirements of the RDA, a reflection that
the actual household decision-making process may involve interdepen-
dent utility functions.

In many ways, therefore, the household economics perspective is a
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much more consistent framework for analysis. It requires that the
household unit be regarded as the decision making unit because produc-
tion is undertaken by the household unit, not by individuals. This re-
quires the specification of a “joint” household utility function, and this
has been somewhat problematic. Conventional utility analysis-specifies
an individual utility function, and empirical work is based on “‘sup-
posed” individual demand functions. In practice, however, very little
data on individual consumption are collected. Virtually all such data are
collected at the household level. Furthermore, it is quite obvious that
production does take place in households; most food items are con-
sumed in very different form than are the marketable ingredients. It is
also quite obvious that there are individuals who are members of
households and families who do not have independent incomes (e.g.,
children and wives), and that they are part of an interdependent
economic unit. ‘

The modern household economic models at least deal with this issue.
A household can be treated as having a *‘joint” or aggregate utility func-
tion under fairly weak conditions (these are the same as are required for
a social utility function). Essentially, as long as there is a consistent
income-sharing rule-among members, individual utility functions can be
aggregated to the household level. The household economics approach
has a great advantage in that it allows for an analysis of nonmarket
goods that do not have market prices, It enables the specification of
demand functions for these goods (such as child services, prepared
meals, etc.), as well as the specification of demand equations for mar-
keted goods and for the allocation of time to leisure, home production
and work. : :

Household economics is an integration of both production and con-
sumption analysis. The following relatively simplé model illustrates
this:

Define the household utility function to be:

(46) U ) =U (N) H’ LC' Lml Lf) S)

where

N = the number of children

H = health or human capital per child

L., L, , Lg =leisure hours for children, mother and father.
8 = a bundle-of other godds
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Notice that none of these goods need to marketed and have a price.
The essential ingredients of the household model are the production
— like constraints:

(47) N = N (Xn, Tom , K)
M -‘-‘H(Xn,Tnm,Hx,K)
S =

S (X, Tsm , K)

(Note that we could add an agricultural transformation function for
an agricultural household; see Part {il.)

The first constraint simply indicates that the maintenance of children
requires goods purchased in the market, X, and time input by the
mother (T,,). Managerial and other technical skills (K ) are also factors
affecting the efficiency of this production.

The second constraint shows that health (H) is derived from pur-
chased foods, X mothers’ time, T,.,., and capital H¥ which may be
owned by the tamily or provided by the community.

The third constraint simply shows that other goods may be processed
and prepared in the home.

In addition to these technical constraints, time constralnts hold:

(48) L. = T. = Tu.
Ly = Tm — Tym — Lo — tsm — tym
Lr = Tr - twr

Leisure is constrained to be total time less home production time less
work time (t, o, tym + twe)-
The financial budget constraint for this household is:

(49) V+NW, Twc+Wg twg+ Wntym=PnXn + Pt X + Ps X

Maximization of (46) subject to (47), (48) and (49.) yields three sets
of related jointly determined demands.
(50}a) Demands for nonmarketed goods
N =N (P, P, Py, Wo, W;, W, , V. K, H X)
H H(Pn,Pf,Ps,Wc,Wf,Wm,V,K,HX)
T =T (P, P, Ps, Wy, W, W, , VK, H X)
S =8 (P, P, Pg Wy, We, Wy, VK. H )

It
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b) Demands for marketed goods

Xn = Xn(Pn’vaPanc,Wf.Wm,V,K,HX)
Xf = Xf(Panf!PSann va, Wm,V,K,HX)
Xs =.Xs(Panf-P5an,Wf.Wm,V,K.HX)

¢) Time allocation

Ty = Ty (Pn, PrPs, We, W, Wi, VK H )
wa= wa(Pn.Pf1PSIWClleswmleriHX)

etc.

The maximization_inherent in this household system can be sim-
plified by viewing the household as both a “firm” and a consumer. As
a firm the household cost-minimizes just as a firm does. For any partic-
ular combination of household goods, N, H, etc., the firm component
will seek to produce these goods at minimum costs, This cost-minimiz-
ing behavior produces ‘“marginal’’ costs for each nonpriced household
good. These -costs of producing an added unit are usually termed “sha-
dow prices.”’ The household as a consuming unit then chooses the set of
household goods that maximizes utility by viewing these shadow prices
as the relevant prices.

Thus, the demand functions for “inputs,” i.e., the purchased mar-
ket goods, are derived from the implicit “profits function” of the
household firm, as well as from its indirect utility function. The shadow
prices are internal prices to each household and are weighted averages
of external or exogenous prices. The weights reflect the utility para-
meters and production techriology of the household. To see this more
clearly, we can substitute the time constraints (45) into the financial
constraints (46). This yields the “full income’ expression. In addition,
. we cah define time and goods intensities as weights:

3

(51) Xp= X, /N; Xp = Xqo/H; Xy = X/8

tam=tam IN i the=the N tam=tam /H tsm=1tsm! S

Using these definitions, the full income constraint can be written in
shadow price form:
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(52) V + WuTyp+ WTp + NW.T, = Ly (W) + Lf (W)
+ N (VG) + N (P Xy + Wy Thm) '
+ NH (P Xy + Wpthm) + S (PsXg + Wyutsm)

In this expression, the shadow prices of the goods in the utility func-
tion are shown in parentheses. Note that the shadow price of children N
has three parts. The first is the direct cost in the term following N. The
second is H times the shadow price of H. The thirdis the negative term
for child earnings WcTwe implicit in the term WcTe. This analysis is
pursued further in the paper by Roumasset and Evenson elsewhere in
this issue.

The relevant part of the household model for consumption analysis
is that systems of demand equations such as (50) derived from the
household model require several variables in relation to members be-
cause of different specializations in home production. They require var-
iables characterizing fixed factors of home production and skills. They
also require nonlabor income variables which can be used to identify
the pure income effect. Conventional income (and expenditure) mea-
sures have time prices imbedded in them and do not properly identify

_income effects. 2

11l. RURAL MARKETS AND THE AGRICULTURAL HOUSEHOLD

In the household model discussed in the previous section certain
home-produced goods did not have markets. They were not traded or
exchanged. This meant that the ‘“internal demand” for these goods
equalled this “internal supply.” The “shadow price’’ or “marginal cost”
of these goods was in fact the internal equilibrium price. Itis partially
based on market prices and also based on the household’s own utility
function for goods. Thus, it varied from household to household.2!

20, See the household economics studies in the Philippine Economic Journal,
Number 36, Vol. XVIl, Nos. 1 and 2, 1978, for a discussion of these issues. The
studies in that volume present some of the initial attempts to apply the household
economics framework to the analysis of Philippine data. These studies can be classi-
fied into two groups: those investigating the demand for household goods, chiefly
related to child services and nutritional status, and those investigating the allocation
of time within rural households. Several of the studies utilize data obtained from a
l.aguna survey of time allocation and nutrient intake, while others use national
data to analyze consequences of public education and health and wife’s employ-
ment or fertility as well as migration decisions.

21. This section has benefited from comments and the presentations of Raaj
Sah and Wilfrido Cruz. '
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These ‘household goods’ are not the only cases of goods without
markets. Several lines of recent research on rural development problems
have explored cases where markets do not exist (or where there are
substantial transactions costs) for labor and other agricultural goods.
Models of interlinked markets, incomplete markets and asymmetric in-
formation have now been utilized to explore some of the implications
for the analyses of market exchange in rural economies,

Interestingly, the household model discussed in the previous section
did not lead very directly to the analysis of incomplete markets for
“conventional” goods and factors even though it was designed to
handle nonmarketed household goods. The “‘agricultural household”
model has emérged as a soméwhat differentiated line of analysis for
these problems.?? The agricultural household model in its simpler ver-
sions includes an agricultural production (or transformation) function
as a constraint (see 47) but typically ignores household production
constraints. ‘ _

When household production is ignored and when efficient markets
exist for all goods and factors, the agricultural household model shiows
that production decisions aré independent of consumption decisions.
Consumption decisions, on the other hand, depend on the income or
profit from agricultural production. Thus, a change in a nonagricultural
price will affect consumption but not production (it will affect family
leisure and labor supply but it will not affect total farm labor utilized).
A change in an agricultural price, on the other hand, will affect the
consumption of agricultural goods directly, the production of agricul-
tural goods and the consumption of all goods through the income or
profit effect.23 The independence of production decisions from con-

22, See Strauss, )., Singh, 1.]. and Squire, L., World Bank, 1986, for a develop-
ment of the agricultural household model. '

23. For the agricultural household the effect of a change in he price of a good
produced by the household will include a profit effect.

The full effectis: X, X, ax
—= C
P, oP, g b X

marketed surplus of the good — the first term in the expression — is the substitu-
tion effect. The term — X, (0X./ om) is an income effect. For agricultural house-
holds, the term aX_ /97 is the added profit effect. A similar effect of wages on
labor supply includes a profit term,
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sumption considerations (but not vice versa) implies that the produc-
tion system can be solved as a block, and then recursively fed into the
system of consumption equations. This is termed “block recursiveness”
in the literature.

The motivation behind most agricultural household models is to

analyze the full effects of changes in agricultural prices on both con-
sumption and production of agricultural households. However, the
model has also been expanded to explore the implications of |mperfect
markets for labor and agricultural goods. A number of studies have
provided evidence that transactions and other costs can be quite sub-
stantial in rural markets. These costs from the point of view of a farmer
hiring laborers, for example, include the costs of searching for workers,
negotiating contracts and monitoring and supervising the work. These
additional costs raise the real costs of hired labor significantly in some
markets. From the perspective of the seller of labor there are also costs,
and these can be quite high. In an extreme case (as envisioned by Cha-
yonov 1956) these costs could effectively mean that labor markets
would not exist and that family organization of production would
dominate because the family as an institution can lower these costs
through ties and “bonds” between members. [In such a case, labor
becomes in effect a household good where internal demand equals
internal supply and where market wages do not exist but a shadow or
“virtual” wage exists at which wage labor supplied equals labor de-
manded. Under conditions, the separability between consumption and
production (or block-recursiveness) no longer holds.?* A rise in a non-
agricultural price will now change consumption prices and have an
effect on the leisure-labor supply choice. The virtual price of labor or
leisure may thus change and the total work effect” will change, thus
affecting production 25’

It should be noted that separability between agricultural production
and household production and consumption is maintained if perfect
markets exist for all agricultural goods. The existence of household pro-

24, Fabella, elsewhere in this issue, derives conditions for separability when
farmers are risk averse and shows that under certain error assumptions separability
holds. He also derived separability with scale economies.

25. Strauss (1984) derives expressions for the virtual-price of labor in the case
where a labor market is absent, He shows that a rise in the agricultural output price
has two effects on the leisure work-mix in the household. An income effect through
profits increases the demand for leisure. The virtual wage effect may have a negative
or positive sign.
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duction (e.g., in food preparation) does not mean that farm production
analysis must take household production into account,

As long as well-functioning markets exi