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Book Reviews 

Update on Math Programming 

Mathematical Programming for Economic Anal­
ySIS In Agriculture By Peter B R Hazell and /Wger 
D Norton New York MacmIllan, 1986, 400pp, $4250 

Reviewed by Robert M House 

Agncultural economIcs contams a nch tradItIOn of 
mathematICal programmIng, but untIl Hazell and Nor 
ton's book, ,there had been no thorough compendIUm of 
the most InterestIng developments In the past 15 years 
TheIr book IS a self-contaIned reference to programmIng 
modelIng lInear programnung (LP) theory and com­
puter solutIOn, farm modelIng technIques, sector mod­
elIng technIques, and polIcy applIcatIOns 

The book blends theory and practIce The dISCUSSIOn of 
farm and sector models and applIcatIons IS Illustrated 
WIth tableau fragments (tables contammg a small rec­
tangular block of the coeffiCIents from a few rows and 
columns of an LP model) The book IS allTIed at the 
graduate student level Knowledge of 'l~tennedIate 
nucroeconomlcs IS assumed The reader should under­
stand lmear algebra and SOme calculus Hazell and 
Norton cover tOpICS qUIckly and gIve mterested readers 
references to more comprehenSIve treatments of many 
subjects The reference lIst IS thorough for an mtenne­
dIate text 

Usmg a SImple farm model as an example, the authors 
dISCUSS the assumptIOns of lmear programnung and 
bnefly Introduce dualIty, Lagrangean functIOns, and 
Kuhn-Tucker condItIOns ,They Illustrate ways to solve 
an LP prohlem graphIcally and take the oblIgatory walk 
through several IteratIOns of the SImplex algonthm 
Then the dISCUSSIOn of farm modelIng technIques begIns 
m earnest They dISCUSS productIOn actIVItIes, focusmg 
on factor substItutIOn, mputloutput response relatIOns, 
crop rotatIOn, and Jomt products They bnefly cover 
mput and resource Issues A chapter on advanced fann 
modelmg tOPICS mtroduces smgle and multlpenod m­
vestment, consumptIon, workllelsure preferences, and 
multIple goals 

The reviewer IS an agncultural econonust WIth the Agnculture and 
Trade AnalYSIS DIVISion, ERS 

The farm modelIng dISCUSSIOn IS excellent ThPlcs are 
well covered The matenal progresses from the SImple 
to the more complex, and there are plenty of practICal 
tIps and l1'al-world know-how As an mtroductlOn to 
farm modelmg, the book IS a good update of Beneke and 
Wmterboer I The book focuses on fann model compo­
nents that are used m sector models, It does not cover 
farm SllTIUlatlOn In sufficlent detaIl to address, for 
example, machmery slZmg/purchase declslOnmakmg or 
financJ3l and tax plannIng 

The strength of Hazell and Norton's book IS sector 
modelIng The authors explam how the agrIcultural 
sector presents a multilevel declslOnmakmg problem 
That IS, at an upper or sectoral level, offiCIals make 
polIcy deCISIOns, trymg to achIeve natIOnal or SOCIal 
objectIves At the lower or mICroecononuc level, produc­
ers mdependently make mdlvldual deCISIOns" attempt­
mg to achIeve theIr obJectIves, gwen market, resource, 
technology, and polIcy condItIOns There eXIsts no algo­
nthm that solves the multIlevel problem dIrectly, so 
most sector models do not try to maxImIZe a set of polIcy 
obJectIves, but focus mstead on slmulatmg how produc­
ers respond to alternatIVe polICIes and other condItIons 
&searchers analyze polIcy by slmulatmg sector re­
sponse under alternate polIcy scenanos 

The treatment of sector model toPICS IS thorough Hazell 
and Norton dIscuss the standard fare selectIOn of 
representatIve productIOn UnIts, aggregatIOn, mput sup­
ply and output demand markets, regIomil markets, 
processmg, and onfarm consumptIOn They mclude 
more soplustIcated tOPICS such as departlIres from com­
petItIve markets and approaches to handlmg cross-prIce 
effects The standard sector model generally omIts the 
response of demand to mcome changes and, therefore, 
proVIdes only partIal eqUllIbnum llTIpacts to polIcy 
changes Hazell and Norton explam how to lInk demand 
to mcome and augment a sector model to YIeld general 
eqUIlIbrIUm responses 

There IS no recIpe for constructmg a first-rate sector 
model, good modelers are competent m many areas and 

I Raymond R Beneke and Ronald Winterboer, Ltnear Program 
mzng Appltcatums to Agnculture (Ames The Iowa St.lte UIllV Press, 
1973) 
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I1l1prove their slolls through practice Based on consid­
erable expenence, Hazell and Norton g'lVe us valuable 
mSlght o~ how to construct and valIdate sector models 
They offer tIps on calculatmg and estl1l1atmg coeffi­
cients O~caslOnally they make phIlosophical observa­
tIons 

Buddmg an applIed model IS a process, and the 
most successful models evolve through tl1l1e to take 
mto account new fmdmgs There IS never a defim­
tlve versIOn, but rather at any moment m tl1l1e the 
model represents a kInd of orderly data bank that 
reflects both the strengths and lImitatIOns of the 
aVaIlable quantItative InformatIon (p. 272) 

There IS value m keepmg models small One Important 
lesson for model developers IS that "sponsors of the 
effort are lIkely to lose mterest If they have to WaIt 1 or 
2 years for the fIrSt results" Even before a sector model 
IS 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 exrunples are organIZed around polIcy Issues 
such as questIOns of comparative advantage, mput and 
output pncmg polICies, and evaluatIOn of u,vestment 
project alternatIves Agncultural polIcymaIang IS com­
plIcated because polICies have multiple objectIves One 
approach IS 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 
mcome) under dIfferent combmatlOns of polIcy 
mstruments 

Risk IS a m~or concern, It IS the tOPIC of separate 
chapters In each of the book's sectIOns on farm, sector, 
and polIcy analysIs Hazell and Norton diSCUSS nsk in 
terms of expected utIlIty, and they offer several ap-' 
proaches to modellmg nsk mean vanance (E, V), mean 
standard deViatIOn (E, u), and MOTAD (mlmmum of 
total absolute deViatIOn) Sector-level nsk modelIng 
receives thorough treatment Hazell and Norton 
present both pnce and revenue expectatIOns models of 
nsk, and they descnbe how objective functIOn formula 
tlOns wIll dIffer In each case 

The nsk diSCUSSIOn IS essentIally the current state-of­
the-art In farm-sector modelmg I have used the same 
techmques, and they leave much to be deSired Re­
searchers on nsk, such as Newbery and Stlghtz" and 
Weiss' have demonstrated that there are major prob­
lems WIth the mean-vanance formulatIOns of deCISIOn­

2 DaVId MG Newbery and Joseph E StIglItz, The Theory of 
Commod,ty Pnce Stalnluatwn (Oxford Clarendon Press. 1981) 

3 Michael D WeISS, Conceptual Foundatum.s of R'/.Sk Theory, 
TB-1731 (U S Dept of Agr, Econ Res Serv, 1987) 

makIng under uncertaInty Some nsk modelers have 
addressed these concerns Lambert and McCarl, for 
example, proposed a direct expected utilIty maXl1l1lZa­
tlOn (DEMP) formulatIOn which has "fewer controver­
Sial assumptIOns. '" Improved applIed techmques for 
modelIng nsk have not yet been WIdely adopted , , 
One aspect of the book that stnkes me as beIng less 
forward-lookIng than It should be IS the emphaSIS on 
ImearIZatlOn There IS a hlstoncal reason for tlus short­
commg Although Enke and .Samuelson m the early 
fIfties deVised a way to formulate spatIal competItIve 
eqUIlIbrium as a problem of maXlmlZIng producer and 
consumer surplus, some 20 years passed before practi­
cal lInear programmmg formulatIOns of the problem 
were publIshed Regional models had Yielded only ap­
proximate solutIOns, and they reqUIred cumbersome 
IteratIve procedures There was a breakthrough m 1973, 
when Duloy and Norton publIshed an effiCient Imear 
approxImatIOn formulatIOn WIth which some problems 
could be accurately solved "oth commonly available LP 
solvers 5 A small flood of farm-sector models followed 
that employed thiS techmque However, the gnd lInear­
IZatIOn mnovatlOn now Influences model formulatIOn 
more than It dese,rves Excellent large-scale, nonlInear 
solvers such as Mmos· have been avaIlable to mathemat­
ICal programmers smce 1977, but Hazell and Norton 
diSmISS nonlInear solutIOns (p 3) and focus their energy 
on how to Imearly approxImate Inherently nonlInear 
relatIOnships At one time these formulatl~ns were a 
necessity, but now It IS Simpler and more straightfor­
ward to solve most nonlinear relatIOns directly In math 
progmmmmg models It IS true that solVing a nonlinear 
problem sometimes reqUIreS more computer tIme than 
solVing the linear approxImatIOn to It, but computer 
tIme becomes less expensive every year And, WIth 
current solvers, as problem sIZe and the number of 
nonbnear functIOns expand, the nonlinear solver may 
give out and a Imear approximatIOn route may become 
the only feasible approach However, the nonlInear 
approach IS Simpler, IS more straIghtforward to formu­
late, helps keep our models small, and IS qUIte workable 
for most problems In the Economic Research SerVice, 
we routinely solve the USMP Regional Agncultural 
Model WIth several hundred nonlInear vanables USing 
gnd lInearIZatIOn would add several hundred equatIOns 
and well over 1,000 vanables to thiS model 

4 DaVid K Lambert and Bruce A McCarl, 'Risk Modelmg Usmg 
DIrect Solution of Nonlmear ApproXimatIOns of the UtilIty FunctIOn;' 
American Joumal of Agncultural EConmnlC8 (Vol 67, No. 4, Nov 
1985), pp 846-52 

6 John H Duloy and Roger D Norton, "CHAC, A Programnung 
Model of MeXIcan Agnculture:' Multi-Level Planmng Case Studie8 
tn MexlCO, ed Lows M Goreaux cU1d Alan S Manne (Amsterdam , 
North-Holland Publlshmg Co., 1973), pp 291-337 

6 Bruce A Murtagh and MIchael A SaundeN, M1.1W8 50 U8ers 
Guuk, Thchrucal Roport SOL &'3-20 (St.mford, CA Systems Optrnu­
zatlOn Laboratory, Dept of OperatIOns Research, St..anford Umv , Dec 
19&'3) 
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The book IS an Important update on advances m farm 
and sector mathematICal programmg practice smce 
1970 The treatment of most tOPICS such as nsk, gnd 
ImeanzatlOn, and cross-pnce effect fonnulatlOn IS tradi­
tIonal, which IS no surpnse because Hazell and Norton 
were often the theoretical and/or appbed mnovators and 
they estabbshed the trarutlOns I must cntIclZe the book 
mildly because It covers less than It ought to Its 
emphasis IS on agncultural sector modelmg that grew 
out of work of the Development Research Center of the 
World Bank m the seventIes Work outside thiS traditIon 

IS sometImes Ignored For example, the fonnldable 
dlfficultles of estlmatmg coeffiCients of nsk aversIOn are 
recounted, but Pans' suggestIOns on estImatmg nsk 
aversIOn parameters from hlstonca1 data are 
overlooked 7 But I am Wlllmg to forgive such modest 
fadmgs because of what the book does cover and be­
cause It IS so well wntten I found It rewarrung to read, 
and I strongly recommend It 

7 Qwnno Pans, "Revenue and Cost Uncertamty, GeneralIZed 
Mean Vanance, and the Lmear Complementanty Problem," Amert 
can Jaurnal ofAgncultural EConomtc8 (Vol 61, No. 2, May 1979), pp. 
268-75 
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