Activities
in optimal solution at nenzero levels, sta-
bility, testing, 125
linear combination, resource requirements
for, 36
of optimal Lnear programming solution,
testing, 124
Activity analysis, 3, 149
Activity gross margins
covariance, 99-100
variances and covariances, 83
Additivity, in linear programming, 13, 14
Aggregate risk modeling, farm level assump-
tions for, 223-226
Aggregates, farm level, 226
Aggregation, 143-145
criteria, 147-148 :
economic, crops reqguiring, 196
physical vs. economic, 195
price-weighted, 195-197
Aggregation bias, 143-145
Agricultural programming model, 3-6
advances in, 1 i
construction of, 2
descriptive (positive), 5-6, 140
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inequality constraints, 3
input/cutput relations, 3
normative (prescriptive), 5, 140
practical requirements, 2
production coefficients, 3-4
sensitivity analysis, 4
simulating market equilibnium, 6
supply functions, 4-5
uses, 4
Agrochemicals, supply function, 201
ANAGSA, 340, 343
Annual working capital constraint, in farm
model, 50, 51
APEX (CDQO), 112
Aseguradora Nacional Agricola y Ganadera.
See ANAGSA
Average costs of producticn, 289-292

Balance rows, 46

Base solution, 324

Basic matrix, 371

Basic solution, 22, 31 _
activities in, 22 N
definition, 371

Basis, definition, 371
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Basis theory, 351, 370-375
theorem No. 1, 372-373
theorem No. 2, 373-374
theorem on optimal solutions, 374-375
Bernoulli principle, 78. See also Expected
utility theory
Bilinear form, 209
Brazilian model, 289, 307
number of crops in, 240
Budget constraints, 207
household. See Houschold budget com-
© straint :
Buffer stock agency, 346-347
Buying activities
in farm models, 46 :
in linear programming models, 45-46

Cash flow
constraints, in farm model, 50-53
farm, tracking, 51-53 '
seasonal constraints, 52
Catalog card, 113 _
Central America. See MOCA model”
CHAC, 162, 177, 186, 245, 279, 286-287,
295, 300, 308, 323, 328-331, 343, 344,
348 -
comparative analys;s of pricing policy in-
struments, 301-304
districts, 329
family labor in, 66
number of crops in, 240 '
seasonal employment projections, 295, 296
“sector isoquants for capital and labor, 297,
298
trade questions, 293-294
Chance-constrained programmmg, 106-110
Chance constraints, 106-109, 111
disadvantages, 109-110
Cobb-Douglas function, 252
Coffee
investment in, mulupenod linear program-
ming model for, 58-61
investment modeling, stationary equilib-
rium approach, 5657
Commodity balances, 151, 166, 199
consumer-level (consumption), 181
in general equilibrium model, 208209
in linearized general equilibrium medel, 212
national, 152-153"
producer-level {production), 181
-regional, 153, 156, 181
Comparative advantage, 292-294
interregional, 294
measures, 292-293
Comparative statics, 324-325
Competition, 178. See also Market, competi-
tive
Competitive equilibrium, ' iterative solutlon
- methods, 184-186
Complementary slackness conditions, 357
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Computer software, for linear programming,
112. See also specific software package
Constraints. See afse specific constraint
not used at capacity in linear programming
solution, testing, 124-125
of optimal linear programnung solution,
testing, 123
Consumer demand, in sector model, 137
Consumer surpltus, 200
under rotated demand curve, 201
Consumption
as linear function of income, 63 65
concave functions, 64
convex functions, 64
in farm model, 62-66 -
in small-scale farm, relation to production
and leisure, 66-71
Continuity, in linear programming, 13
Convex combination constraint, 170,172,173,
198, 199, 211, 212 '
Cormn
investment in, multiperiod linear program-
ming model for, 58
production and selling, in disaggregated
analysis of cash flow, 51
techniques for, 34
technologies for, 34
weeding activities, vector diagram for, 35
Costa Rica, corn supply response and pricing
policy, analysis, 304-306
Cotton, linkages of price and supply and
demand, 138 _
Cournot oligopoly, 189
Credit '
alternative activities, in farm model, 53
in farm model, 50-53
supply function, 201
Crop consortiums, 155
Crop insurance, 328
calculation of changes in § for, 339
evaluation, at sector level, 341-344
for farmers, evaluation of, 337-341
subsidized. impact of, 343
unsubsidized, 343-344
welfare effects, 343-344
Crop production, 32
Crop rotations, in farm models, 47
Cropping, and 11vestock in sector model,
263-266
Cropping patterns, effect of risk on, 328~331
Cross elasticities, 192, 197-198
in quadratic model, 197-198 °
with linear demand functions, 198
Cross-price effects, 168, 169, 151-201
in linear programming, 198-201
commodity balances, 199
first-order conditions for, 200
resource constraints, 199
Cross-price elasticities, 275
Cross-sectional farm budget data, 4
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Cross-supply effects, 4
Cross-supply elasticities, 4
Cross-supply functions, 159
Cycling, 30

Dantzig, George, 351
Data set, for sector model, 267-269
Day, R. H., 145-146
Decision mak.ing
discrete stochastic programming model, 106
farm level, 223-224
optimal, 224-225
Decomposition procedures, 320-321
Degeneracy, 30
Demand, substitution effects in, 192-194, 196
Demand curves
points on, in linear model, 244
regional, 180-181
Demand function
and market equilibrium, 160-162
and supply function, 161-162
composite, 190
for factor markets, 201
for product markets, 201
for risky commodity, 217
in linearized general equilibrdum model,
212,213
in linear model, 173-175
-in linear model of cross-price effects, 199
in linear programming formulation, 170
in sector model, 161
indifference curve, 192, 196-197
linearized, 171
calculation of coefficients in tableau,
176-178
national, 189
nonlinear, 175
reglonal elasticity, 190- 191
in regional model, 189-191
rotation, 174-175, 198, 206, 211, 324
-specifying by region, 180--181
sum of areas under, 197
Demand mixtures, 191-194
Demand system, estimating, 275-276
Demand variables, 245
Determinism, in linear programming, 13
Discrete stochastic programming, 104-106
Domestic resource cost, 292
Dual constraints, 1617
Dual variables, 15, 172, 175
definition, 355
subscripts, 376
Duality, 14-19
Duality theorem, 367-368
Dynamics anatysis, 325-326

E, L criterion, 91, 92

E., L set, efficient, 91 -
E, M set, efficient, 95

E, R set, efficient, 97-98

INDEX

E, o behavior, linearized sector model with;
232-234
E, o criterion, 93-94
E, o farm plan
-efficient, 92
efficient set, 90-91
E. o model, advantages, 99
E, V analysis
marginal risk constrained linear program-
ming model, 85-86
MOTAD model, 86-%0
E.V behavior, linearized sector model with,
234-235
E, V decision rule, 79-80
E. V farm plan, 80-81
efficient, 8284
efficient frontier for, 84
linear programming approximations, 8490
optimal, 80
programming model for, 81-83
E, V model, advantages, 99
E, V set, efficient, relationship to E, L set, 91
Econometric models, of supply, 5
Econometrics, problem with relying only
on, 4
Economic structure, changes in, 4-5
Effective rate of protection, 293
Egyptian model
HAPY, 287-288, 314
number of crops in, 240
Elasticities. See also specific elasticity -
programming, vs. econometric, 301
Equality constraints, in linear programming
problems, 362
Equilibrium short-run elasticities, 300
Euler’s condition, 209
Euler’s theorem, 1416
Exchange rate, in foreign trade activities,
252-262
Expected price forecasting model
linearizing, 231-232
price solutions for, effect of risk, 334-337
Expected price model, objective fuaction for,
1
Expected unit revenue, linearizing, 232-234
Expected utility theory, 78, 79
Export bounds, 262, 291
Export limits, in sector model, 153
Exports
allocation over farm types, 291-292
marginal costs of production, calculation,
291
in sector model, 261
Extreme point, definition, 373

Factor demand functions, model formulation
with, 205

Factor markets, specification with quadratic
term, linearized for use in linear pro-
gramming models, 204-205
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Factor substitution relations, 34-37
Factor substitution surfaces, 4
Factor supply functions, model formulation
with, 205
Family labor. See also Reservation wage
and income, 65
in linear programming model, 65-66
in sector model, 258-260
vs, hired, 205
Farmers
decision-making, 9
small-scale, objectives, 62
subsistence, 149
Farm-gate price, 179
spatial variations in, 148
Farm household
linear pregramming medel for, 66-71
optimal solutions, 68-69
multiple goals, 71-72
objectives, 62-63
resource constraints, 68
Farm level decisions, ophma] 224-225
Farm model, 4, 3
aggregate, 146 :
buying and selling options in, 45-46
computenized, development, 31
consumption in, See Consumption
credit and cash flow censtraints in, 50-53
crop rotations in, 47
factor substitution, 34-37
for risk programming, 82-83
input/cutput response relations. See
Input /output response relations
intercropping in, 47-49
interdependencies in production, leisure,
and consumption, 66—71
intermediate products in, 49-50
joint products in, 47-49
mathematical programming and, 9-31
nonlinear relations in, 33-34
production functions, 33
production methods in, 33-34
quality differences in resources in, 41-42 :
resource use in, seasonal patterns of, 42-43
risk in. See Risk
seasonality in, 42-45
technique choices and technology choices,
effects compounding, 37
technique choices in, 33-34
techniques, 32-53
technologies in, 33
work /leisure preferences in, See Leisure;
Work /leisure preferences
Farm plan, optimal, 21
basic solutions, 22
identification, 20
Farm planning, problems, 32
Farms
classification criteria, 145-147
grouping, rules, 147
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representative
designation of, 148-149
selection of, 143145
Farm size classes, 151-152, 240
mini-tableau, 152
Feasible set, 19
boundedness, 358-359
closedness, 358
constructing, 358
requirements of, 358 -
Feedgrain, and livestock, Imkage in sector
model, 263-266
Fertilizer, supply function, 201
Finiteness, in linear programming, 13
Fixedness, in linear programming, 13-14
Flexibility constraints, 326-327
Focus-loss model, 103-104
Food, on-farm consumption of, 183
Foreign trade, 152
activities, in sector model, 261-263
Frisch equations, 275
Frisch’s money ﬂexlbﬂlty parameter, 275

Gain-confidence limit cmenon, 91
Game theory models, 94-100
features, 99-100
GAMS package, 278
General equilibrium model, 198, 206215
algebraic statement of, 208
commodity balance, 208-209, 214
constraints in, 209
demand function, 209, 214
elements, 207
explicit price variable, 209
income in, 207-210
initial conditions, 214
linearized, 211-215
objective function, 213
marginal cost pricing conditions, 214
maximand in, 210
objective function, 207208, 210, 213
optimal solution, 210
resource. constraint, 209
simple, 208—210
structural features, 207
supply-demand balance, 208-209
variables in, 210
Generalized Algebraic Modeling System See
GAMS package
General locus of input substltution (GLIS),
297, 298
Goeal programming, 71-72, 106
objective function in, 72
Grid linearization, 162, 186
of general equilibrium model, 211
Gross income, in sgctor model, 172
Gross margin
of activities, variance and covariance, 83
change in, 25, 29
definition, 10
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in simplex calculations, 23
per unit of acuwty, 13
risks, 104
total
expected, 82
maximizing, 82
variance in, 81
Gross revenue, 189
Growth models, 62
Growth prospects, projections, 324
Guatemala, price stabilization experiments,
348-349

Hazell-Scandizzo model, 222-223
Homogeneity, in linear programming, 13
Household budget constraints

in general equilibrium meodel, 209 .

in linearized general equilibrium model, 213

Import bounds, 263
Imported inputs, costs, 292293
Imports :
agncultural constraints on, 263
prices, 262
in sector model 261
Income :
allocation, in fa.rm household n
and consumption, 6365
and demand for agricultural products, 206
and family labor, 65 o
in farm household model, maxmnzauon,
69 '
in farm plan, 77
in general equilibrivm model, 207
growth, in linearized general equilibrium
model, 211
maximization, subject to minimum con-
straints on food production, 66-71
refations between consumption or leisure
and, 68-70
standard deviation of, MAD estimator of,
230, 231
in utility-maximizing farm household
66-67
Income distribution equations, in hneanzed
general equilibriom moded, 212
Income distributions, ranking, 78
Income effects, 191192
Income fractiles, 92
Income risk, 78-79
Income variance, 79-81, 86
estimated, 87 :
in quadratic programming model, 86
Inequality constraints
conversion to equalmes 356~
in lincar programming problems, 362
Infeasibility, minimizing risk of, 106
Information problem, 321-323 ° -
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Input
and development, 254
in perfectly elastic supply, 201
substitution, in sector model, 253
Input balances, in sector model, 152-153
Input demand, in sector model, nature of,
159160
Input /output response re]atlons 34, 37-41
concave, 38-39 '
convex, 40, 41 C
incorporation in linear programming
model, 37-38 o
informaticn on, 37
linear, 37
nonlinear, 40
Input prices
endogenous, 201-206
in sector model, 255-261
Input pricing, 294--298
Input supplies, in sector model, 255- 261
Input use, 294--298
Institutional homogeneity, 147
Institutional proportionality, 146
Integrability condition, 168
Integrability problem, 185
Intercropping, 155-156 -
in farm models, 47-49
Interest rate, in progtamming model, 311-312
Intermediate products, in farm models, 4950
Internal rate of return, 312, 313 .

~ Inverse demand function, 165-166

Investment activities, modelmg, dlfflcultles,
54
Investment model, normative, 315—320
Investment modeling
multiperiod linear programming modcl 55
See alse Multiperiod linear program-
ming model
stationary equilibrinm approach, 54-58:
input coefficients, 56
linear programming tableau, 55-56
optimal solutions, 5657
Investment projects
- alternative, evaluation of 307-320
benefits, 311
evaluation, 308-309
evaluation, programnnng models and 307
explicit choices in model, 309-315
nonuniform benefit streams, conversion
factor in programiming model, 312
IRR. See Internal rate of return.
Irrigation, investment activities, analyms of,
308-310
Irrigation studies, 148
Irrigation water, 135
input supply activities, 257-258
shadow prices for, effect of risk, 332
supply function, 201
Isoquants, 37
approximate, 297-298
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Cobb-Douglas, 252
curved, 36
lnear approximation of, 36
definition, 297
expressing input relationships with,
295-297
for labor and machinery input, 252
linear, 13
Isorevenue lines, 20, 22
Iso-utility curves, in E, V farm plans, B0
Iteration, 23

Job card, 113
Joint products, in farm models, 47-49

Kantorovich, L. V., 375

Kuhn, Harold, 17

Kuhn-Tucker conditions, }7-19, 167, 357
for farm household model, 69, 70

Labor. See also Family labor
average cost of, 203
demand for, 259-260
in sector model, 274
hired, 163
in constraint set, 104
male and female, in sector model 259-260
marginal cost of, 203
market equilibrium solutions, 203-204 -
Labor skills, dlfferences in, in farm models
41-42 _
Labor supply function, 201
area under, 204, 215
Lagrange, Jean-Louis, 351, 354
Lagrange, Joseph-Louis, 16 '
Lagrangean function, 16-17, 167
definition, 355
Lagrangean multipliers, 16, 18 -
definition, 355
Land, supply function, 201 _
Land reform, expetiments, with program-
ming models, 306-307
Land rental, 205-206
in sector model, 258-259
Land tenure, 148
Land transfers, 205
Least-cost paradigm, 161
Leibniz, Goltfried Wilhelm, 351
Leisure
in small-scale farm, relation to production
and consumption, 66-71
preferences, in farm model, 6263 -
requirement, in linear programming
tableau, 65
Linear expendnure systems, loganthnuc 67
Linear programmlng ' :
applcations in farm planning, 10
assumptions of, 12-14
computaticnal difficulties in, 29-30
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computer software, 112
duality theorem, 367-368
equilibrium theorem, 368-370
implications, 369
used to check for optimality, 370
existence theorem of, 366-367
for farm modeling, 33
fundamental lemma, 365-366
mathematics, 2
normative use, 10
of rsk in sector model, 229-234
separable, 84-85
separable nonlinear functions ‘in, ap-
proximating, 73-75
to obtain approximate solutions to E, V
problem, 84-%0
Linear programming model, 3
activities in, 11-12
for different techniques in, 36
constraints in, 11
consumption in, 62-66
constraints, 63—65
factor substitution possibilities .
economic interpretation of, 37
incorporating, 37
flemblhty, 14
for given farm situation, requirements, 10
for maximin solution for constrained farm
planning problem, 94-95
for Mayaland, 11-12
for modeling market equilibriurn, 169
incorporation of nonlinear relation into, 39
marginal risk constrained; 85-86
market-simulating, objective function for,
166
modeling investment decistons in, 5458
notation, 10-11
objective function in, 11-12
of farm household
Lagrangian functions, 68, 70
multiple goals in, 71-72
optimal solution, 146
options incorporated in, 45-46
quality differences in resources in, 41-42
row dimension in, importance of, 375
spatial, with interregional demands fixed
nationally or regionally, 184
tableau, 11-12
cash balance row, 51-53
link with algebraic formulations, 12
nonnegativity requirements 11
to find optimal shadow prices for fixed
resources, 15
work/lelsure preferences in, 62-66 -
notation, 63
Linear programming problems, 358-365
characteristics, 358-362
components, 338
. constraints, 19, 360
equality and inequality, 362
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nonredundant, 360, 362
redundant, 362
dual, 362365 :
Kuhn-Tucker condmons for, 18
Lagrangean of, 18
matrix and vector notation, 365
solution, 18
infeasibility, 29, 359.
optimal solution, 20-21, 374-375
preparation for solution on computer,
113-117
primal, 11, 362-365
Kuhn-Tucker conditions for, 17-18
Lagrangean of, 18
relationship to dual, 15-16
solution, 18
scalar, 370-371
solution, 18, 362
solution procedure, 23
principles of, 19-23
simplex method for, 21— 22
unboundedness, 29, 359-350
with more constraints than variables,
360-361
Linear programming theory, 350 3?6
classical background, 350-357
Linkages, dynamic, 325-326
Livestock
in farm model, 51
in sector model, 263-266
investment activities, modeling, 55-56
nutrient requirements, mini-tableau for, 264
Loans, in farm model, 53
Loss
focal, 103
maximum permitted, 103
Low’s safety-first model, 101, 111

Machinery
costs of using, mini- lableau 256
input supply activities, 256-257
use and purchase, mini-tableau  for,
256-257
Malasian model. See TIGER
Marginal cost
in linear model, 174 .
of inputs, 157
of production, 289-292
of purchased inputs, 157
Margmal cost-pricing condition, 209
in general equilibrium model, 214
in linearized general equilibrium model, 213
Marginal efficiency-of-investment schedule,
312
Marginal rate of substitution, 194
Marginal revenue function, area under, 214
Marginal risk constrained linear program-
ming model, 85-86
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Marginal utility
of consumption, 69
of income, 69
Marginal value product, 15
Market
competitive, 161 162, 167, 184
linear programming model, 183
for risky commodity, 217-219
with multiplicative risk, geometric struc-
ture, 218
Market clearing condition, for risky commod-
ity, 217
Market clearing price, 221
expected, 219
Market environment, specifications in sector
model, 136-137
Market equilibrium, 221. See also General
equilibrium model
and demand functions, 160-162 -
corresponding to expected price forecast-
ing behavior, 238
corresponding to umit revenue forecasts,
238
modeling, 164-187
applications, 186
historical antecedents, 183-186
modeling extensions, 188-215
under endogenous prices, 156
under risk, 217-223
with multiplicative risk, 219
Market equilibrium price
corresponding to unit revenue forecast
appropriate model maximand, 222
simulation in mathematical program-
ming model, 222
expected, 220~223
Market forms, 135
defining, 161
noncompetitive, 188-189
Market imperfections, in linear model,
178-183
Marketing, 152
and market imperfections, 178-183
Marketing activities, in sector model, 152
Marketing costs, 136
for imports and exports, 263
Marketing-transportation activity, 182
Market specification, in sector model, enrich-
ment of, 152-155
Mathematical programming
degencracy in terminology of, 273-274
in agricultural economics, 1
Mathematical programming models, price en-
dogenous, 345
Mathematical Programming System Ex-
tended. See MPSX
Matrix generators, 278
Maximand, Samuelson’s, 184
Maximin criterion, 94-96, 99
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Maximization problem, with constraints,
solution of, 16-18
Mean Absolute Deviation, 86, 90, 271
as point estimator of standard deviation of
income, 230-231 .
estimates, of standard deviations, in
chance-constrained programming, 108
estimator, 87, 108 *
of price sclutions by commodity group for
different values of ¢, 329, 331
Mean absolute error. See Mean absolute de-
viation
Mean-standard deviation (F, ¢) analysis,
90-94 .
Mean-variance ( E, V') analysis, 79-81
Mexican CHAC model. See CHAC
Mexico, national crop insurance scheme,
evaluation, 339-340
Milk, supply functions for, and risk, 332
Minimax criterion. See Regret criterion
Mixed integer programming algorithms, 41
MOCA model, 263, 275, 279, 289, 304, 307
Monopolistic behavior, simulating, 189-
MOTAD approach, 235-236, 375
for linearizing risk term, 229-231
MOTAD model, 86-90, 108. See also Target
MOTAD
compared to quadratic programming,
89-90
linear programming tableau for, 89
with RINOCO model, 109
MPSX (IBM), 112-115
data input cards, 115-117
COLUMNS, 117
ENDATA, 117
NAME, 115
RHS, 117
ROWS, 115
option RANGE, postoptimality a.na]ys:s
using, 120-125
PARACOL option, 126
parametric programming options, 126
basic change option, 126-127
example using PARAOBJ, 127-129
fixed interval option, 126127
PARAOBJ option, 126-129
interpreting computer output for,
128-130
PARARHS option, 126
example using, 130131
PARARIM option, 126
PARAROQW option, 126
program cards, 113-115
solution output
interpretatipn, 117-120
status of columns in, 119-120
status of rows in, 118—119
Multilevel procedures, 320-323
Multiperiod linear programming model, 55
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of investment, 58-62
discount rates in, 59
mcorporating capital, 62
initializing, 59-62
optimal scolutions, 59
planning horizons, 59
simple, structure of, 60-61
terminal values of investments extending
beyond planning horizons, 59
total gross margin in, 58-59
Multiperiod medel, 58

Naive cobweb model, 219
Nerlovian adaptive expectation models, 219
Newton, Sir Isaac, 351
Nonlinear functions
linear segmentations, 73
linearizing, 73-74
separable, approximating in linear pro-
gramming, 73-75
Nonlinear programming, 3
Nonnegativity constraints, 166

Objective function
definition, 351 _
in linear programming problems, 358-359
maximum value of, 354335
value, 30
Oligopoly, modeling, 189
Optimal basis, 351
Optimality
conditions for, 353-357
equilibrium thecrem used to check for, 370
Optimal solution, 261-262
to linear programmmg problem, 374-375
Optimization, in linear programming, 13
Optimization models, 10
Optimization problem
canonical form, 356-357
constrained _
by equalities, 350
by inequalities, 350, 351
formal descriptions, 140
general, 351-353
absolute maxima, 352
extrema, 352
extreme point, 352-355
global maximum, 352
local maximum, 352, 353
maxima, 351-354
minima, 352-354
relative maxima, 352
Lagrange's solution, 355-356
mathematical notation, 140-143
two-level, 141-143
unconstrained, 350, 351

Parametric programming, 31
postoptimality analysis using, 125-131
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Partial equilibrium model, 206, 211, 214
structural features, 207
Partial equilibrium optimization models, 210
Partial generator, 278
Payoff matrix, 77
Pecunious homogeneity, 147
Pecunious proportionality, 146
Percentage absolute deviation (PAD), 271
Periods, definition, 58
Peru, investment programming model for,
316-318
Philippine model (MAAGAP), 289
¢, 237. See also Risk-aversion parameter
estimating, 93
Policy analyses, 4-5, 10
methods, 283-327
Policy environment, specifications, in sector
model, 137 '
Policy feasible frontier, 323
Policy feasible space, 322, 323
Policy goals, tracing tradeoffs among, 320
Policy instruments, and goals in sector mod-
els, 283-286
Policy makers, objective function, 141
Policy problems, 140
Policy weights, relative values, 320.
Postoptimality analysis, 30-31
using MPSX option RANGE, 120-125
columns at intermediate level, 122, 125
columns at limit level, 121, 124
rows at intermediate level, 122, 124-125
rows at limit level, 121, 123
using parametric programming, 125-131
Price. See also Farm gate prices; Market
equilibrium price
actual, in market with muItxphcatwe risk,
219
and consumpuon, 64— 65
and yield, covariance between, 226
anticipated, in market with multiplicative
risk, 217
calculation, 290-291 .
effect of risk on, 328-331
interdependence of supply and demand in
determining, 138
regional vs, national, and transportation
costs, 179
retail and wholesale, dlsnngmshmg be-
tween, 179-180
Price expectations maodel, 227-228
Price forecasts, farmers’', 219-220
Price stabilization, 328
evaluation, with mathematical program-
ming, 344-349
risk-response effect induced by, 345
spillover effects, 344
Pricing policy -
formulation, 301
instruments, analysis, 301-304
Primal variables, subscripts, 376

INDEX

Process analysis, 3, 149
Processing activities, 181-183
Producer classes, defining, 148
Producers. See alse Reaction funct;ons for
producers
economic behavior, in sector model 136
responses, and policy actions, 140
Production
in small-scale farm, relation to lelsure and
consumption, 66—71
national, decomposed into regional compo-
nents, 190
Production activities, 46
notation, 149-150
Production costs, 156 :
in supply side of sector model, 253
Production function
continucus, 149
description in sector model, 136
modeling, 149
Production options, 32-33
Production possibility frontier, 20-21
Production technologies, defining, 149
Product price, in linear model, 173-174
Product/product relations, illustration, 48, 49
Products. See Intermediate products Joint
products
Profit function, 67
Programming. See Chance-constrained
. programming; Discrete stochastic pro-
gramming; Linear programming;
Mathematical programming; Nonlinear
programming; Parametric programming;
Quadratic programming; Recursive pro-
gramming; Stochastic programrmng
Programming models
for agriculture. See Agricultural program-
ming models
of investment choice at local level, 289
Projection solution, 324
Proportionality, in linear programming, 13

Quadratic medel, 197

Quadratic programming, 81-84, 184-185
compared t0 MOTAD model, 83-90
to obtain £, } farm plans, 83-84

Quadratic programming algorithm, 162

Reaction functions
constraints on farmers, 141-142
farmers™ objective functions, 141-142
for producers, 141-143
in context of bargaining, 163
Recursive programming, 326-327
Recursive programming model
estimation of B coefficients, 327
flexibility constraints, 326-327
initialization, 326-327
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Regions, 151
designation of, 148-149
Regret criterion, 94, 97-99
linear programming adaptation for farm
planning, 97
Report generator, 279
Reservation wage, 260, 274
estimation, 276
Resource constraints, 199
in linearized general equilibrium model, 212
Resource endowments, 149
in sector model, 136
Resource requirements, per unit of activity,
13
Resource restrictions, 150, 166
in sector model, 153
Resources
allocation of, 140
in farm houschold model, 69
fixed, 32
opportunity costs, 156-157
_opportunity cost, 167
quality differences in, in. farm models,
41-42
rental value, 14-15, 31
supplies, options for increasing, 32-33
use
seasonal bottlenecks, reduction, 43-45
seasonal patterns in, 42-43
valuation, and nisk, 331-332 -
Revenue, producers’, in sector model, 172
Revenue covariance matrix &
estimation of, 235-237
requirements for constructing, 226
Revenue expectations behavior, effect of risk,
225-226
Revenue expectations rnodel 228-229
objective function for, 232
RINOCO model, MOTAD model with, 109
Rio Colorado model, analysis of investment
project in, 308-309
Risk, 75. See aiso Aggregate risk modeling
aggregate measures of, 226
bias in, 236-237
and diversification, 81
and supply response behavior, 332-334
and valuation of resources, 331-332
decision making under, 77-79
definition, 77
effect of, 225-226
impact en cropping patterns and prices,
328-331
in constraint set, 104110,
in farm model, 76-92
“in sector model, 216-238
introduction in sector model, 226-229
linearizing term for, 229- 2@1
types, 76
vs. uncertainty, 77 .
Risk analysis, 6, 78-79

—— i
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Risk aversion, 76, 77, 79, 106, 216, 225
effect on resources, 226 :
Risk-aversion parameter, 93. See also ¢
estimation, 276
Risk-aversion parameters @ and 8, 235
estimation of, 237-238
requirements for constructing, 226
Risk neutrality, 225
Risk parameters
empirical estimation of, 235-238
in Hazell-Scandizzo models, 235
Risk preferences, reflected in farm model, 93
Risky Input-Output Coeffictents. See
RINOCO model '
Rolle, Michel, 376
Rolle’s theorem, 352-353
Roy’s safety-first criterion, 100

Saddle point, 353, 354

Safety-first models, 100-104

Safflower, supply response for, and risk,
333-334

Samuelson, P. A, 162, 184

SARF model, 314 315

‘Savage regret criterion, See Regret cntenon

Seasonality
in farm model, 42-45
in sector model, 242
Sector
boundartes, 137
economic interdependence in, 137
Sector analysis .
basic elements, 136-138
decision problems in, 139-143
macro level, 139
micro level, 139
transition from farm-level analysis to,
143-148
Sector model, 4
activities, 149 :
algebraic form, 152-153
alteration, 272-273
applications, 5
balances, 241
basic, structure, 148-152
basic equations, 150
capacity test, 270
coefficients, units, 249
column units, 249
columm vectors, 240
commodity balances, 150
constraints, 241
seasonality, 242-243
construction, starting points, 239-244
construction and validation, 239-280
data issues, 274-277
data reconciliation, 266-269
data requirements, 276-277
data set, 267-269 :
‘demand activities, 248-249
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demand functions in. See also Demand
function
position. of, 162
demand parameters, 275
demand side
sets, 244-245
tableau for, 170, 172
documentation, 278 _
economic structure, 135-163 - -
equations, 241
local, 243
minimal set of, 243
national, 243244
regional, 243
for aggregate policy analysis, 10
goal variables in, 285-286
input prices, 255-261
inputs, 241
input supplies, 255-261
labor component, specifying, 259-260
labor demand in, 259260
labor in, 274
land rental test, 271
less simple, 154-155
linearized
corresponding to expected unit price and
unit revenue _
forecasting behavior, 232, 234
management, 277-279.
with E, V' behavior, 234--235
marginal cost test, 270-271.
market forms in. See Market; Market
forms
marketing-processing activities, units, 248
matrix, structure, 240-242
maximization, 162
multiproduct cases, 185
national equations, 241-242
nomenclature, 244250
abbreviations in, 245
number of crops in, 240
objective function, 150-151, 153, 156, 161,
162, 164-169, 227
for competitive solution, 203 204
deriving, 164
for monopsonist solution, 202 203
for multiple products, 168
geometry of, 164-165
goal variables in, 285
linear approximation to, 169-172
linearized, 171
Samuelsonian, 164-165
units, 250
with upward sloping factor supply func-
tions, 202-203
optimal solution, 143-144, 173
technology vector in, 253
output tests, 271
output vectors, 274
own-price and cross-price elasticities in, 275

INDEX

policy variables in, 284-285 .
price endogenous, incorporating risk 4nto,
216-217
price test, 271-272
production activities
nomenclature, 246
units, 248
production vectors, conslmctmg, 251
regional distinctions in, 240 _
regional equations -and column variables,
241-242
resource endowments, 274
resource restrictions, 150
risk in. See Risk, in sector model
row units, 249
scaling in, 246
sensitivity, 276
sets, 244
simple
two region, 150-151
_ with multiple goods, 166
single activity representing processing,
marketing, and transportation in,
181-183
specification of available technology in,
254-255
structure, 240
with regional demand functions, 180
subregional equations, 241-242
supply and demand sources, 135
supply functions, 4
supply side, 155, 250--255
labor in, 259-260
number of production vectors, 250-251
parameters in, 252
production costs in, 2535
representative farm approach to build-
ing, 254
sets, 244-243
technology vectors, 251
tests on levels of input use, 271
topics for which it cannot be used, 273
units, 244-250
uses, 160 _
for analyzing structure of supply re-
sponse, 1159
for computing supply elasticities, 159
in tracing out implicit functions, 160
validation, 266, 269-274
tests for, 270
validation measures, 272
with price stabilization, 346
Sector model tcam, 277
Selling activities, in farm models, 46
Shadow prices, 15, 18, 29, 68, 118, 167, 196,
308, 331
definition, 355
effect of risk r.md risk-averse behavior, 332
interpretatior, of, 172-175
Simplex calculgtjons, 21-29, 39-41
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generalizations, 28
optimal solution, 28-29
Simplex model, 185
calculations with. See Simplex calculations
Simulation techniques, 21
Stack activities, 22
coefficients, in simplex calculations, 23-25
Slack variables, 356, 371
Social welfare. See alvo Welfare
in risk market, 223
Soil type, 148
Sorghum, supply response for, and risk, 334
Stability, of optimal linear programming
solution, testing, 120
Stationary points, 353, 354
Stochastic programming, See also Discrete
stochastic programming
with recourse, 106
Stochastic yield, 223
in market with multiplicative risk, 218
Structural change, analysis of, 306-307
Subsidies
government’s budget constraint for outlays
on, 141
input, 137
output, 137
Supply
arc ¢lasticity of, 299
elasticities, 138
Supply-demand balances, 150, 163
for agricultural commodities, 152
Supply-demand equilibrium, 151
Supply function, 157-158
and demand function, 161-162
and rotation of demand function, 175
domestic, 156-157
effect of risk and risk-averse behavior,
332-334
explicit, 168
for factors, 201
for risky commodity, 217
implicit, 156--157, 168
in sector model, 159
mathematical programming, 156-157
perfectly elastic, 201-202
perfectly inelastic, 201-202
regional, shifts in, 190
with and without crop insurance, 342-343
Supply response '
and output pricing policies, 298-306
in sector model, nature of, 156159
programming simulations of, uses, for
analysis, 301
Supply response behavior, and risk, 332-334
Supply response function, 4-5, 157-158
from sector model, 300
implicit, in sector model, 158
regicnal, 299
tracing out, 298-299
Supply sources, 151
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Supply specification, in sector model, enrich-
ment of, 155-156
Surplus
ex post sum, 222, 336-337
producer and consumer, in price expecta-
tions model, 227

Target MOTAD model, 101-103, 111

TASM, 288-289

TASM 1I, 288-289, 295

number of crops in, 240

Technological change, analysis, 306

Technological dualism, 148-149

Technological homogeneity, 145, 147

Technology sets, description in sector model,
136

Theil index, 271, 280

TICLIO model, 317

Ties, 30

TIGER model, 279, 289, 306

Transfer activity, 205

in constructing farm models, 42

Transport costs, regional differences in,
178-179

Trees, investment in, modeling, 56--57

Tucker, A. W._, 17

Tunisian model, 289

Turkey. See TASM; TASM IT

Two-level planning problem, 284

Two-level policy problem, 5. See afso Multj-
level policy problem

Uncertainty, vs. risk, 77 _
Unit revenue, expected, 229
Unit revenue forecast, 220-223

. Unit revenue forecasting model, price solu-

tions for, effect of nsk, 335-337
Utility. See Expected utility theory
Unility functions
aggregation of, 237-238
elicitation, 79
expected, in E, ¥ farm plan, 80-31
forms, 78
in farm household model, 71
in farm model, 66—67, 78
quadratic, 78-80

Utility theory, 168

von Neumann, John, 351

Wage bill, 1otal, 202
Wastage, 181
Weiemstrass, Karl Theodor Wilhelm, 375
Weierstrass’s theorem, 352--353, 365
Welfare, 186, 308
aggregate, 346
expected, with price stabilization, 347
ex post measure of, 228



gain, with price stabilization, 347-348
outcomes, with alternative price. forecast-
ing behaviors, 337
Welfare effects, of crop insurance, 343~ 344
Whole-farm planning, 9-10
Whole-farm plann.ing model, for evaluation
of crop insurance, 337-338
Whole farm production funcuon, aggregate,
13-14
Work /leisure preferences 1n farm model,
62-66

INDEX

Yield. See also Stochastic yield
Yield matrices, in programming sector model
158-159
Yield response function, 38
concave, 40 -
linear approxnnatmn to, 38
convex, 40
linear approx:matlon of 20

Zero sum game, 110



