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Book Reviews

Update on Math Programming

Mathematical Programming for Economic Anal-
ysts tn Agriculture By Peter B R Hazell and Roger
D Norton New York Maemallan, 1986, 400 pp, $42 50

Reviewed by Robert M House

Agrmicultural economics contains a rnich tradition of
mathematical programming, but until Hazell and Nor
ton's book, there had been no thorough compendium of
the most interesting developments 1n the past 15 years
Their book s a self-contained reference to programming
modelmg hnear programming (LP} theory and com-
puter solution, farm modeling technques, sector mod-
eling techmgques, and poley appheations

The book blends theory and practice The discussion of
farm and sector models and applications 1s 1llustrated
with tableau fragments (tables contaming a small rec-
tangular block of the coefficients from a few rows and
columns of an LP model} The book 13 ammed at the
graduate student level Knowledge of intermediate
microeconcmics 18 assumed The reader should under-
stand linear algebra and some calculus Hazell and
Norton cover topics quickly and give interested readers
references to more comprehensive treatments of many
subjects The reference Iist 18 thorough for an interme-
diate text

Using a sumple farm model as an example, the authors
discuss the assumptions of hnear programmmg and
briefly introduce duality, Lagrangean functions, and
Kuhn-Tucker conditiens They illustrate ways to solve
an LP problem graphically and take the obligatory walk
through several iterations of the Simplex algorithm
Then the discussion of farm modeling techniques begns
in earnest They discuss production activities, focusing
on factor substitution, input/output response relations,
crop rotation, and jont products They briefly cover
mput and resource 1ssues A chapter on advanced farm
modeling topics introduces single and multiperiod 1n-
vestment, consumption, work/leisure preferences, and
multiple goals

The reviewer 1s an agricultural economust with the Agnculture and
Trade Analysis Division, ERS

The farm modeling discussion 15 excellent Tbpics are
well covered The matenal progresses from the simple
to the more complex, and there are plenty of practical
tips and real-world know-how As an introduction to
farm modeling, the book 1s a good update of Beneke and
Winterboer ! The book focuses on farm model compo-
nents that are used in sector models, 1t does not cover
farm simulation n sufficient detail to address, for
example, machinery sizing/purchase decistonmaking or
finaneial and tax planning

The strength of Hazell and Norton’s book 1s sector
modelmg The authors explain how the agrcultural
sector presents a multilevel decisionmaking problem
That 18, at an upper or sectoral level, officials make
policy decisions, trymg to achieve national or social
objectives At the lower or microeconomme level, produe-
ers mndependently make individual decisions, attempt-
ing to achieve their objectives, given market, resource,
technology, and policy conditions There exists no algo-
rthm that solves the multilevel problem directly, so
most sector models do not try to maximize a set of policy
objectives, but focus nstead on simulatimg how produc-
ers respond to alternative policies and other conditions
Researchers analyze policy by simulating sector re-
sponse under alternate policy scenarios

The treatment of sector model topics is thorough Hazell
and Norton discuss the standard fare selection of
representative production units, aggregation, input sup-
ply and output demand markets, regional markets,
processing, and onfarm consumption They mclude
more sophisticated topics such as departures from com-
petitive markets and approaches to handling cross-price
effects The standard sector model generally omits the
response of demand to income changes and, therefore,
provides only partial equilbrium impacts to policy
changes Hazell and Norton explain how to link demand
to mmeome and augment a sector model to yreld general
equihbrium responses

There 15 no recipe for constructing a first-rate sector
model, good modelers are competent in many areas and

! Raymond R Benecke and Ronald Winterboer, Lirear Program
ming Applications to Agriculture (Ames The lowa State Univ Press,
1973)
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umprove their sklls through practice Based on consid-
erable experience, Hazell and Norton give us valuable
mnsight on how to construct and vahdate sector models
They offer tips on calculating and estimating coeffi-
cients Occasionally they make philosophical observa-
tions :

, Building an applied model 15 a process, and the
most successful models evolve through time to take
mto account new findings There 18 never a defim-
tive version, but rather at any moment i tume the
model represents a kind of orderly data bank that
reflects both the strengths and lumtations of the
available quantitative information (p. 272)

There 15 value 1n keeping models small One important
lesson for model developers 18 that “sponsors of the
effort are likely to lose interest if they have to wait 1 or
2 years for the first results "’ Even before a sector model
1s ready for use, much useful partial analysis can often
be done with the assembled data

Hazell and Norton draw a small sample from the set of
actual sector models to illustrate applied policy analy-
ses The examples are organized around policy 1ssues
such as questicns of comparative advantage, input and
output pricing policies, and evaluation of mvestment
project alternatives Agricultural policymalang 1s com-
pheated because policies have multiple objectives One
approach 1s to use the sector model to construct policy
feasibility frontiers that show the tradeoffs among two
or more objectives (such as foreign exchange and sector
income) under different combinations of policy
Instruments

Risk 15 a major concern, it 1s the topic of separate
chapters 1n each of the book’s sections on farm, sector,
and policy analysts Hazell and Norton discuss nsk in

terms of expected utility, and they offer several ap-’

proaches to modelling risk mean vanance (E, V), mean
standard deviation (E, o), and MOTAD (minimum of
total absolute dewviation) Sector-level msk modeling
receives thorough treatment Hazell and Norton
present both price and revenue expectations models of
nsk, and they deseribe how objective function formula
tions will differ i each case

The msk discussion 15 essentialty the current state-of-
the-art in farm-sector modehng I have used the same
techmques, and they leave much to be desired Re-
searchers on risk, such as Newbery and StightzZ and
Weiss® have demonstrated that there are major prob-
lems with the mean-vanance formulations of decision-

ZDavid MG Newbery and Joseph E Stghtz, The Theory of
Commodity Price Stablization (Oxford Clarendon Press, 1981)

8 Michael D Weiss, Coneeptual Foundations of Rk Theory,
TB-1731 (US Dept of Agr, Econ Res Serv, 1987)

b0

making under uncertainty Some risk modelers have
addressed these concerns Lambert and McCarl, for
example, proposed a direct expected utihity maximiza-
tion (DEMP) formulation which has “fewer controver-
sial assumptions.” Improved appled techmques for
modeling risk have not yet been widely adopted

One aspect of the book that stmkes me as being less
forward-looking than 1t should be 1s the emphasis on
lineanzation There 1s a historical reason for this short-
coming Although Enke and.Samuelson m the early
fifties devised a way to formulate spatial competitive
equilibrium ag a problem of maximizing producer and
consumer surplus, some 20 years passed before pract:-
cal linear programming formulations of the problem
were published Regional models had yelded only ap-
preximate solutions, and they required cumbersome
iterative procedures There was a breakthrough n 1973,
when Duloy and Norton published an efficient linear
approximation formulation with which some problems
could be accurately solved with commonly available LP
solvers 5 A small flood of farm-sector models followed
that employed this techmque However, the grid linear-
1zation mnovation now nfluences model formulation
more than it deserves Excellent large-scale, nonlinear
solvers such as Minos® have been available to mathemat-
1cal programmers since 1977, but Hazell and Norton
dismuss nenlinear solutions (p 3) and focus thewr energy
on how to hinearly approximate inherently nonlinear
relationships At one time these formulations were a
necessity, but now 1t 15 sumpler and more straightfor-
ward to solve most nonhnear relations directly 1n math
programmung models It 1s true that solving a nonlinear
problem sometimes requires more computer time than
solving the linear approximation to 1t, but computer
fime becomes less expensive every year And, with
current solvers, as problem size and the number of
nonlinear functions expand, the nonlinear solver may
give out and a hinear approximation route may become
the only feasible approach However, the nonlinear
approach 18 simpler, 1s more straightforward to formu-
late, helps keep our models small, and 1s quite workable
for most problems In the Economic Research Service,
we routmely solve the USMP Regional Agricultural
Model with several hundred nonitnear vamables Using
grd linearization would add several hundred equations
and well over 1,000 vanables to this model

*David K Lambert and Bruce A McCarl, ‘Risk Modeling Using
Direct Solution of Nonlinear Approximations of the Utility Funetion,”
Amerwcan Journal of Agrcultural Economies (Vol 67, No. 4, Nov
1985), pp 846-52

& John H Duloy and Roger D Norton, “CHAC, A Programming
Model of Mexacan Agriculture,” Multi-Level Planming Cose Studies

1 Mexwco, ed Lows M Goreaux and Alan § Manne (Amsterdam .

North-Holiand Publishing Co., 1973), pp 291-337

®Bruce A Murtagh and Michael A Saunders, Mwas 50 Users
Guide, Techmeal Report SOL 83-20 (Stanford, CA  Systems Optimi-
zation Laboratory, Dept of Operations Research, Stanford Univ, Dec
1983)




The book 1s an tmportant update on advances n farm
and sector mathematical programing practice since
1970 The treatment of most topics such as risk, gnd
linearization, and cross-price effect formulation 1s tradi-
tional, which 1s no surprise because Hazell and Norton
were often the theoretical and/or apphied innovators and
they established the traditions I must enticize the book
mildly because 1t covers less than it ought to Its
emphasis 18 on agncultural sector modeling that grew
out of work of the Development Research Center of the
World Bank mn the seventies Work outside this tradition

1s sometimes ignored For example, the formidable
difficulties of estimating coefficients of risk aversion are
recounted, but Pams' suggestions on estimating rsk
aversion parameters from historical data are
overlooked 7 But I am wiling to forgive such modest
falhngs because of what the book does cover and be-
cause 1t 15 so well written I found 1t rewarding to read,
and I strongly recommend 1t

7 Qurino Pans, “Revenue and Cost Uncertanty, Generalized
Mean Vanance, and the Linear Complementanty Problem,” Amen
car Journal of Agncultural Economics (Vol 61, No. 2, May 1979), pp.
268-75
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