|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

70-3150

SHUMWAY, Jr., Charles Richard, 1943-
OPTIMAL LOCATION OF FIELD CROPS
AND VEGETABLES IN CALIFORNIA TO
MEET PROJECTED 1980 DEMAND.

University of California, Davis, Ph.D., 1969
Economics, agricultural

University Microfilms, Inc., Ann Arbor, Michigan



Optimal Location of Field Crops and Vegetables in
California to Meet Projected 1980 Demand

By

CHARLES RICHARD SHUMWAY, JR.
B.S. (University of California) 1965
M.S. (University of California) 1967

DISSERTATION

Submitted in partial satisfaction of the requirements for the degree of
DOCTOR OF PHILOSOFPHY

in

Agricultural Economics

in the
GRADUATE DIVISION
of the
URIVERSITY OF CALIFORNIA
DAVIS
Approved:

Committee in Charge

Deposited in the University Library.........ciiiiiiiiiiiaiioierinsnrenarsecaaes
Date Librarian



ACKNOWLEDGEMENTS
Many people contributed significantly to the completion of this
dissertation, Wwhile space will not permit a complete listing, I would
like to extend particular appreciation to the following individuals,
agencies and organizations vho have been especially helpful:

The U.S.D.A. Economic Research Service and Department of
Agricultural Economics, University of California, Davis
financially supported this research,

Dr. Gordon King, Chairman of the dissertation committee, gave
perceptive counsel, constant moral support, and untiring
assistance,

Dr. Harold Carter, Dr, Gerald Dean, and Dr, Maurice Peterson
were particularly helpful in the development of the research
project and offered many constructive suggestions during its
completion,

Sue March and Sheri Clinchard programmed the computer for
extensive computations,

David Bixler, Clark Merrill, Sam Schindler, and Steve Townley
were good slaves ( and did excellent work besides ).

Eugene Begg, of the Department of Soilcz and Plant Nutrition,
aided significantly in delineating soil categories and esti~-
sating crop yields,

Dre. David Wilson, English Department, University of California,
Davis, Chad Hoopes, College of the Redwoods, Ralph Hanan, and
Ted Moriak offered editorial assistance,

The commodity specialists and farm advisors in the Agricultural
Extension Service and the faculty of the Departments of Agronomy
and Vegetable Crops contributed their personal knowledge of
productive relations throughout the State,

The California Department of Water Resources, through the
efforts of James Wardlow, made available their detalled land
use data,

Margorie Pearse and my wife, Janet, provided expert typing (and
editing) services.

Finally, I extend my fondest and most sincere appreciatien to my

wife and my children, Shelly, Sharon, and Ricky, for their
patience and undexstanding during the writing of this dissertation,

i1.



TABLE OF CONTENTS
Ghapter

INTRODUCTION eococseocccsvsccsesersccntssnvnscscasssansecance
The Problem seeeccececctscsssccvsacescaconcsossscstcsas
Competition for Land ResOUICES cecsccsscscssscces
Increasing Demand for Agricultural Products csees
Maintaining the Agricultural Land Base sececsscee
Governmental Farm Programs ceesescecsccccccescnce
Some Relevant QUeSCIONS sccscscscscsssscscsssnssessnse
Objectives of the StUdY ceseescccecsvecesccasssnsescee
Research FOCUB cesscesssssscccresnecsncscssccssas
Specific Objectives ,ecccesevccccncscscevscescene
Plan of Presentation secceccescscsseccccscccsscscscsnene

11 FRAMEWORK OF ECONOMIC ANALYSIS seccevccocssccccacesnsscncse
General Spatial Equilibrium Theory in Review ccecsvecs
Location ThEOIY sessecsccsssvsocascnsosscsssscosse
Neoclassical Spatial Equilibrium ccavsvscssccsces
General SP‘tl.l EQUIlibrium seceveesscsossnnsoses

A Model of LoOCAtIiON scsncessvncsscseccscsceoscvsessesnss
Solution by Linear Programmingsscesscccscesscssszavse

An Alternative Method of Solution oo eseRREsRARROY
Linear Programming Spatial Allocation Models seevsccss
Interregional Grain Production Model ssecccesssce
California Spatial Allocation Model cecevececccse
Mathematically stated secevessvevevecssonses

Model assumptions cececccescescsccccsccecsnnsns
Structure of alternative models ssececcsccce

III HO!DGENEOUS PRODUCTION AR.EAS 2090080000000 0adPBReRPRRGOOIRROD
Resource Variables sececscccscscccescscssccesscscssnces
A Note on Aggregation Bias ccsevessvccocssccacasssccce
General Soils MAD svesvvecsssevsccnvrcconrnsonstesscsnss
Plantclimate Zones seeeccecsccsccvesvvnccescossscsncses
Homogeneous Production Areas sesssscccccsscessccssscen

IV LAND, WATER, ROTATION, AND ALLOTMENT RESTRAINTS cevcvcvroces
1land RoOstraints cececesescoscsssnsssscvsccssssccsssnsns

Urbanization ceecessccssscccscncscosascsssnssnstnas

Extra=Urban Land USes cceccnsssccsscsscncsscssnsss
Semiagricultural Demards ce.eeecsescescsccscescces
Orchard and Vineysid Crops and Excluded
Vegetables c:.ccecssccscsscssssssvnssncosssnssces
land Restraircs Roclpltulatcd s essssravrecssdense
Water Avallabilll:y (I Y Y Y Y Y N P Y Y Y Y Y Y
Rotation Rostraints ..csecccnccescocssscsasssssnsssone
Cotton Allotment REStTalnts ..csesvccccccsscecnsesssss
HPA and R‘glOMI Restraints Concluded ssvcescscccsrses

iii,

E

OSSR WWN e

11
12
13
14
17
19
19
20
20
22
22
26
28

34
3
36
38
43
45

51
=) |
52
61

65
74
76
78
79



Chapter
v

VI

V1l

Ylm AND cosr OF PRODUCTION [ A AR RS EXZINEEZ RN N RSN R SR NN Y

A Word of Caution,.escecsecssccscssssnesssescecsscsscase
Yieldso.......O......o....l.Q..O.......o.‘n........l.!
Estimation of 'rypical 1961 =65 Yieldsesconovassass
Trends and Development of Yield Projections c.eee
Cost of Pmduction..oo.o.oooooo.oooooo-ooooooooooioooo
Development of Representative 1965

Nonland Costs PEO NN BN GINNNIRNNIRRRORGEORRBRES
Estimation of 1980 Nonland COSLS secvecevsecsesass

A Note on the Barley=-Grain Sorghum Double
Crop ActiVltY 00NN PO PP RINIININIERIPEORORREseRSS

Smry SO0 000 QCRPSFRFICRNOSEISPOSOOSOIRBIORTRISTOIOORORIROIAERSARDS

CALIFORNIA PRODUCTION PROJECTIONSecsccoscsvscsacssncsnccsccses

Development of 1980 Output Projectionsecesssssveccscese
SPQC‘I‘I Situutiom G0 E BRI OLO0OORONOERSNBENRRRIS
Alfalfa Hay sececvcssecssescesccsscsssnnsscscncce
Safflower 80000 S00RBIRNE0EPEENERBRREENIORBRNS
Seasonal Demand ,cescceesvcccccssscscsssacsscsnss
Varietal Restraints cecssvscscscecascocscscsvresce
Forage and Feed Grain Projections
Based on Livestock and Poultry
Numbers in California scecceccscssscssscccssssse
Conversion of OQutput Estimates to Dominant
Crop UniIts .,cceececcscosscccncsssnsssscsnsssscensase
Feed Grain Output as a Single Restraint ,.ccccocssccce
I'Pos"ﬂon of Cotton AllOtments ,.ccecesscscesscsesccss
Model 1961-65 Rostraints secsvscvcssscccsscccsscsecess

sumry (A A X R L Y F YRR ARSI R S FRN SRR NN NN R NN R A LN 2 N J

OPTIMUM CIRCA 1961=65 VERSUS ACTUAL PRODUCTION PATTERN ceee

Introduction 000000 CR PR RO RREORREteseRonetodtRlede
Why This Model?.eessseesccscccccscsssssssosscnsnne
MACLIX Si%e ceeccccvcrescccsscccsscscscsssssansesn
Plan of Discussion 0000000 ERRERIISIREOIROOEORORORRY

State and Regilonal Acreage COMPATisSON c.scecvcccccscse
E’tlutlon of Actual 1961«65 Acrelge Data seceeee
Iand USe Pattern .escsccccscsssssssccsocsossscsss
Irrigated Acreage =- Actual and Model

h‘UIts (XX ISR AR AR NN RN R FRNS RSN R YRR R X K N J
Harvested Crop Acreage ~= Model 1961-65

Optimal versus 1961-65 Actual sescsscnsessessee
Regional Shifts == Individual Crop Harvested

ACTOARR ,,.000000000000000000000000000s00000040s
Synopsis of the Model 1961-65 Primal

ﬁlution P00 S0 00000 RRBRCRBPIPRITRLOODSOPERORRRES

Inlightl from the LP Dual Solution cesssstoonsootassse
Production of Base Period Qutput at Least

mtal m.t [ FYXXEIR R AR AL AN AR NFNSRNYYXRNRNRNER R K N J

Imputed and Actual Product Priceccececssscscsssvse

SUBBATY 0¢00000000000000000000000000000sscsnosentstone

ive

Bage

81
81

87

87
92

93
95

96

96
101
101
101
101
103

103

104
105
105
106
107

108
108
108
109
110
110
110
111

116
116
122

123
124

124
125
129



apte

VIII OPTIMUM LOCATION PATTERNS, 1980 .eseccsscescecccccccsccoses
Brief Sketch of Alternative 1980 Models secessscesscas
Highllghts of the Primary 1980 ModelS seececccsccscccs

Production of Base Period Share of 1980 U.S.
Ol.ll:put (mdﬂl IQBOA) 000080000000 SCRRNEIRNBOEIBIRTS
Production of Share of U.S. Output Projected
by Recent Trends (}bdel 19805) Sescsstensnsbese
HBasth 1920 Projections .eeecssvseccccsssscsscsrecsnnas
Land Use PAttern sscecescecccscscccscnvsscnssccsne
lrrigated Acreage Required sevscssscscsscecnsssnes
Harvested Crop ACreAZe sececcsccscssssscrscavasas
Synopsis of the Model 1980C Primal
SOlUtion csssscesvcsscacsscsssccnnsrccavsvonces
Insights from the Model 1980C Dual Solution .ecese
Sensitivity of Solution to Errors in
Parameter Estimation ccscevrccccssvescsscsscnsesnse
Westside San Joaquin Valley Water Priclng sssesantRane
Relevance of the Parametric Pricing
Problem cecesccsesscscsescsecrencsvcsnsensscnnses
Demand for Irrigation Water on the
HestS8ide cucevessncssoccssccncesesssccesnnnennse
Impact of Imposing Regional Cotton Allotment
Restralnt .sececscccscsssecscsscncssnsccnssencsas
Allotment Restraint Without Modifying Output
Loevels ccescccsssscsasccssssnsncccsoncsssssnnss

Allotment Restraint With Output Levels

mdified Also L E A EREEE N RN N R XN R NR SR NN ENRE R

IX IMPLICATIONS AND ASSESSMENTS scecevecsceccssscscsscscecscncse
Empirical Susmary and Implications seecccescccesscnces
Aggregate Land Resources Restrictingleeecsesecsecss
Rﬁclanation of Saline and Alkaline Soils sceescese
Prospects for Expansion of Irrigation
Facilities sscsscscsccssscssssscssonssosscscnsnsns
Optlmal Chansaa in Crop ACTreage cecsosssvsssacsse
Imputed Rent and Product Price cececesssscscecans
Land and Cost Saving by Production of a
Least Cost Feed Grain MIX s000000000000000000se
Hestside San Joaquin Valley Water Price sesveeses
Efficiancy Cost of Cotton Allotments .ccccevcscsss
Critical B“luation of Method of Am‘.y.is Y
Aggragation Of DRtA covevcccssvcsnsnssnssnrevense
Objective Functlon cssesvecccsecsaccsccssccncsnacs
Delineation of HPAS ccevesvcevtvsssassapsevssssns
Other Major Limitations scescescccccsccscscsannee
Ooncluding Remarks csccesscccccccccecssoccsssnsnns
Problems !hrltlng Further Investlgatlon sseavesscsenes
Nonrestrictive Resource Adjustment c.cecveccscsses
Alternatives with Existing Models scccscecsccsnse
Extensions of Exiasting Models ccessscsvsesvccccnss
Recapitulation of Problems Meriting Further
Investigation sececcsesescsncsscnssvnsscccesnnce

Ve

130
130
131

133

136
137
138
143
143

150
151

156
158

158
160
166
166
170

173
173
174
177

177
177
178

179
180
180
180
181
182
184
185
187
188
189
190
192

194



APPENDICES

Ae MAPS sccccctcecccrccccscncssscccessnsccscccestssssecstsssecs
B, LAND, IRRIGATED ACREAGE, AND ROTATION RESTRAINTS ecescscscse
C. GRAPHS OF HISTORICAL AND PROJECTED CROP YIELD sescccsccccces
D, PRODUCTION COST COMPONENTS sseecscccccccsvccsscsccccccscscscee
E. MODEL 1961=65 YIELD AND PRODUCTION COST PARAMETERS ccceccsee
F. OUTPUT RESTRAINTS secvcevcesscccecococcoscrscsccscsnccssccssce
G. STUDY CROP ACREAGE, ACTUAL AND ESTIMATED MODEL

REQUIREMENTS cceeececocssssncscsoccsescosccssncscoscnssces
H.  MATHEMATICAL FORMULATION OF A LINEAR PROGRAMMING

GENERAL SPATIAL EQUILIBRIUM MODEL escecesccscsceccsccce

BIBLIOGRAPHY LA XA A EREE LAY R AN RN EESENN RSN EE NN SN A EENRENRSNER NN NN XNJ

PERSONAL COMJNICATIONS LA LR ERE R AN YRR EER NN REREE EE NS NSRS NNEEN NN N

vi,

272

288

300

308



LIST OF TABLES

able Page
2.1 Structure of Alternative Dissertation Models cesccesconseasse 30

2,2 Study Crops, Representative Crops, and Production

PrOCOB5080000000000000080008000000000000000080000000080F8 32
3.1 Typica]. Characteristics of So0ll Classes sesvcevveccssencsense 40
3,2 Description of California Plantclimate Zones sesceesscccscee 47

4.1 Comparison of 1965~75 and 1965-~80 Urban Projections
for 25 Urban Counties X YRR R N E Y RN Y Y Y YN R N Y 56

4.2 Urban Land Rﬂqu‘remnt’ (c’.rca 1965-80) T I ' ' 62

4.3 Soill and Climate Priorities in the Allocation of
Excluded Crops Among HPAS seescovvsssssesssscncsscsncnse 67

4Jb Average 1965=66 California Excluded Crop ACreage cccesccecce 70
4,5 California Excluded Crop Projections secsssescsscssssscccssne 73

4,6 Current and Projected Excluded Crop Acreage by 75

County Group ecsceocrccecvccssocnsonssssvsvessntscnstnns

5.1 Historical and Projected 1980 California Crop Yields cceesee 85
6,1 Output of Californla Vegetables, 1980 sescvevcscccecesccccee 98
6.2 output of California Fileld Crops, 1980 seevceosccsccocescens 99

7.1 Land Use in California in Base Perlod, 1961-65,
Actual and Estimated Model Requirements sesessessscsces 113

742 Study Crop Land Use by Region in Base Perilod,
Est imated Model R.aquire-anl:l 0000800000 EIENSEOICEOOISIIRSSS 115

7.3 Irrigated Acreage by Reglon in Base Period,
Actual and Estimated Model Requirements cesecosssscsses 117

7.4 Harvested Acreage by Region and Crop in Base Period,
Actual and Estimated Model Requirements c.cecvececsscees 120

7.5 Crop Price, Weighted Base Period Actual and

Model Imputed seccssvevsvecccssecserssncssssssscssscones 127
8.1 Land Use, Harvested Acreage, and Product Value in
California, Alternative Model Estimates and 132

Base Perlod Actual ssccecsssscecccscscsccccocsscnnsscnse

vii,



Jable

8,2 Study Crop Land Use by Region, Estimated Model

1980C RQQUlm-entl PPN NOPEEN R CIEITRREITINEORDBENEES
8.3 Total Land Use for Study Crops by Soll Category,

Estimated Model 1980C Requirements scccsssscvsessscsse
8.4 Irrigated Acreage by Region, Estimated Model 1980C

Requlrenentl S SN ITNRINITRINRIININNRCENINAEPRERREERS
8,5 Harvested Acreage by Crop in Base Period and 1980,

Actual and Estimated Model ReqQUirements sesscsccsssece
8.6 Harvested Acreage by Region in Base Period and 1980,

Actual and Estimated Model Requirements ccescvesesscee
8.7 Crop Price, Model 1980C Imputed cecscvevscssssssscsssessces
8,8 Model 1980C Crop Activity Acreage in HPAs 0362 and 0363

at Alternative 1965 Prices of Water sessssesPNERERIGERNTS

APRENDICES

B-l Urban Land in California ceeccessvscosccsssccscssncccnscssnes
B.2 HPA Land Restraints ..cesesccsscscecsceccscccssssccscenscne
B3 Irrigated Acreage Restraints ,,ceccescsscecscscosssescsccsace
B.4 Rotation Restralints cscevcscsvssosssssnsscscssrssnscnsssans
D.1 Irrigation Water Requirements, Soil Ol sesevccccacnsenesces
D.2 Irrigation Water Requirements by S0ll scececesscssscecsecescs
D.3 Typlcd. HPA Vater Cost, 1965 sseecsscasccscvsacsscncscscces
D.a St.nd.rd Ul'lit co.t Eltlﬂ.tﬁl, 1965 ([ E RN RN RENNEENERNXTRENNNNND ]
De5 Standard Harvest Cost Estimates per Unit Crop

OUtPUE, 1905 ssescecccnssnseccssonssssressasnccsssones
D.6 Annual Investment Cost of Reclaiming Saline-Alkaline

SOILlS cevescvecevccccscssresssecescoccccanssccssssonne
De7 Barley and Grain Sorghum Double Crop ACtiVItY ceccecceseces
D.8 County Agricultural Extension Service Sample Cost

Sheets Used for Development of Base Area

mds.t. [ R A E NIRRT EN Y NRERSRRENSNENRYENNZRDY]

viil,

141

164

146

148
155

162

205
208
213
214
232
233
234
235

236

237

238

239



Jable
E.l

E.2

Ee3

Ee&s

E.5

Fe.l

G.l

G.2

Ge3

G.l

Ge3

Ge6

Ga7

G.8

G.9

G.10

Estimated Base Period Annual Crop Yield and Total
Nonland Cost per Acre for Single Crop Model

Activities 000G SRR IENEPROtRERPIRRINBOBOIRIOINEGRRES

Estimated Base Period Annual Crop Yield and Total
Nonland Cost per Acre, Broccoli-lettuce
Double Crop ActivityY seeeccccosceccncscencennconansase

Estimated Base Period Annual Crop Yield and Total
Nonland Cost per acre, Lettuce Double Crop
Activities in One Seasonal GrOUD sseessssssscsccnssces

Estimated Base Period Annual Crop Yield and Total
Nonland Cost per Acre, Fall or Spring and
Summer Lettuce Double Crop Activities ceevecssescessss

Estimated Base Period Annual Crop Yield and Total
Nenland Cost per Acre, Barley=Grain Sorghum
Double Crop ACtivities socssssecorsnvssnscscnccsananas

Linear Programming Minimum odtput Restraints seeeccccsvense

Harvested Study Crop Acreage in Base Period, 1961-65,
Actual Requirements ossscecscesscsccnssossssssssccsncas

Harvested Study Crop Acreage in Base Period, 1961-65,
Estimated Model Requirements secscesvesssvscscsssscsse

Harvested Study Crop Acreage in Base Period, 1961=65,
Estimated Model less Actual Requirements cscecosssssse

Harvested Study Crop Acreage in Bage Period, 1961-65,
Catimated Model as Percent of Actual

Requirements ssccesesrcscvcosvessrassnesvescssscssasve

Harvested Study Crop Acreage, Estimated Model 1980C

Raquiremem‘.s B 000000 0PN NINIRETE0QT0EEsEOIRUOIRIOIRERAETS

Harvested Study Crop Acreage, Estimated Model 1980C
lesa Base Perlod Actual RequUirements cseesscscssscsces

Harvested Study Crop Acreage, Estimated Model 1980C
as Percent of Base Period Actual Requirements cecscese

Harested Study Crop Acreage, Estimated Model 1980C
less Model 1961-65 Requlirements ccesvevcvvesssssasscse

Harvested Study Crop Acreage, Estimated Model 1980C
as Percent of Model 1961=65 Requirements ceeecscccccce

Harvested Study Crop Acreage, Estimated Model 1980D

ReQUiIrements ,.cecevescccsosssccscsccscscncssnscsascss

ix.

241

263

264

266

267

270

273

274

275

276

277

278

279

280

281

282



Jable
G.ll

Ge12

H.l

He2

Study Crop Land Use by Soil Category, Estimated Model
1980C Requirements sccesssscecoccoscscsconsecncovsssance

Study Crop Acreage and Imputed Value of Restricting
Variable by HPA, Model 1980C EStImates seecvcvccscecsses

Maximizalon of Net Value of Output =- Matrix of
Two Fixed Resources, Two Regions, Two Final
Products, and One Production Process for Each
Product in Each Rﬂslon $eeseseeRRIGIISIESISISEIRINSIEROBOISEBREORRES

Minimization of Returns to Resources (Dual Problem
to That in Table Hol) 900800000 NSNOREERTEINNRNERON

Page

283

285

296

298



LIST OF FIGURES

Flgure

3.1 Plantclimate ZONEGS ceesccoscsssensesescessssscvacnssacsesses
4o Basic Patterns of Contiguous Urban Expansion With

Equal Propensity to Expand in All Directions csseesssee
7.1 California Production Regions cessveveevcssensnssssssscsnsse
8.1 Hypothetical Single Commodity Step Supply Curves

and Inelastic Demand Curves in Two Time

Periods Between Which Unit Costs Double

and Quantity Demanded Increases Alternatively

40% and 607. [ EXXEEERESNENNNIEEERNN RN R NNNNSRENNE R Y RN N NN N A N J
8.2 Composite Demand for Water, HPAs 0362 and 0363 seececccscsce

APPENDICES
A.l Guide to Detailed Reglonal MAPS ccevecsccscossvcoassaceccnncs
A2 Region 1 = North CoaSt sceccascrssvecrsccccccscnacsnrcsssasne
A.3 Region 2 = Central COB8Bt secevscscsccsessesscannssssssssnnse
Al Region 3 =~ South CORBL ceesssencescncncrccvscsccsnssnsonnane
Aed Region 4 = Sacramento Valley ceccecccsscccccesoncecscccccnss
A.G Rﬂgion 5 = San Joaquin Delta SIS OT P NUNOENSINGRIDRIPNRINERN
A.7 Region 6 = San Joaquin Valley seececccovoccsccvcvscsscncense
A.B Ragion 7 =~ Southern Californjia Desert secesssscccccccscscscss
A9 Region 8 - Intermediate level Valleys, and
Region 9 - Mountaln Valleys seecvcccsccscssssesesssscscssese

Cel Historical and Projected California Yield, Asparagus eccesess
Ce2 Historical and Projected California Yield, Broccolil secccese
C.3 Historical and Projected California Yield, Lettuce =

Fall ceeececcncessessccsccsssecnnnscscoccacesencssvonse
Cels Historical and Projected California Yield, Cantaloupes -

SUMINEL c0000000000000000000000000000000000000sestnneete
CeS Historical and Projected California Yield, Potatoes scscessce
C.6 Historical and Projected California Yield, Tomatoes

for PIDCGBSiﬂs CO0INEENTERINEEOCOUERIRRRNBOOPRIRRIIORIROOES

xi,

Page
46

59

114

135

163

195
196
197
198
199
200
201
202

203
216

217

218

219

220

221



Figure
Ce7

C.8

C.9

C.10
C.11
Cel2
C.13
Celd

Celd

Historical and Projected California Yield, Corn

for Grain sseecsessssessscsescscsncssssssssesssscsssene

Historical and Projected California Yield, Barley cesccsccece

Historical and Projected California Yield, Grain

SOCghUM cesesssseseerenvanncusssesvsnesnesossasssscenas

Historical and Projected California Yield, Alfalfa Hay cseee
Historical and Projected California Yield, Dry Beans sscvees
Historical and Projected California Yield, Rice sesecccecssce
Historical and Projected California Yield, Safflower sscecee
Historical and Projected California Yleld, Sugar Beets secee

Historical and Projected California Yield, Cotton seeecceees

xii.

222

223

224
225
226
227
228
229

230



le
CHAPTER I

INTRODUCTION

The Problem

Agriculture in California is a complex, dynamic industry. There
are many forces which have prompted constant adjustment and change in
the past tho_.t will contimue to shape the structure of agriculture in the
future, The direction of these adjustments will depend on the nature and
relative importance of these forces, which include population arnd income
growth, urban expansion and sprawl, technologiocal changes both in sgri-
culture and in related industries, foreign market developments, shifting
consumer preferences, and govermmentsl programs, Although per capita use
of all farm products is expected to change little, there may be significant
changes in diet, relative pices, and rescurce use and organization in
agriculture,

Competition for Land Resources

A favorable climate and abundant rich soil make California a
particularly attractive enviromment for pecple as well as for agriculture,
With net in-migration to California averaging 340,000 persons per year in
the past decade, total population has inoressed at an anmial rate of approxi=-
mately 528,000 persons [15, pp. 1-3]. Industiry has expanded rapidly
necessitating the growth of public and private services incidental to this
expansion. All this growth requires space and increases the demand for
lanrd. In order to accomodate the influx of people and industry, about
54,000 acres of land per year have been converted during the past ten years
from other purposes to urban uses, The capitalired value of larnd for
traditional agricultural use cannot hope to compete with its wvalue for



2.
subdivisions, shopping centers, or industrial plants, Therefore, as

industry and people move in, agriculture moves out,

Total population in California is projected to be 26,4 million by
1980, which represents an annmual increase of 512,000 persons from the
1965 estimate of 18,7 million. This projected rate of population growth
is s)ightly lower than during the previous decade, However, the rate of
lard conversion to accomodate this continued urban and industrial expansion
is projected at 61,000 acres per year, a somewhat higher rate than before,
It is estimated that 90 percent of this acreage will be taken from
agricultural land,
Increasing Demand for Agricultural Products

These forces of expansion which reduce the land base supporting agri-
culture in California also increase the demand for agricultural products in
California, and in the United States., As the population grows, so do
aggregate requirements for food and fiber, With a rising income level,
more living space per person is demanded, and consumer preferences for
particular types of food shift as well. This shifting of consumer prefer-
ences is expected to increase per capita requirements for many of the foods
in which California specializes, For example, two of California's most
important crop groups are fruits and vegetables, Daly and Egbert [34, p.5]
project that United States per capita consumption of these commodities in
1980 will be 6 percent higher than the average of the period 1959-61.

Crop production in California has increased significantly in the
past fifteen years with no net increase in gross lard resources used
[10‘#. p.lu].y Technological developments, improved varleties of crops,
botter management practices, ard increased use of other resources (e.g.,

fertilizer) have generally allowed per acre yield levels to increase as

1/ However, from 1940 to 1954 the acreage of cropland harvested increased
27 percent,
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rapldly as gross output levels. Since 1645 the per acre yield of some
commodities has increassed as much as 200 percent in California. The
rate of increase has been significantly lower for other crops, but yield
levels of all commodities are higher now than they were 20 years ago.

Maintaining the Apricultural Land Base

Although gross lard inputs to agriculture have not changed much,
the patterns of specific land use and crop production have changed signi-
fieantly under the pressures of urban expansion. To offset the decreases
in cropland due to urban and industrial expansion, individual farmers
have developed unused land for production, Possibly more important have
been the effects of govermmentally financed conservation and irrigation
developments, With water the 1imiting resource in many areas, water
projects have made possible the conversion of unused land into productive
farms; e.g,, the California Water Project on the west side of the San
Joaquin Valley may bring as much as a million acres of idle land into
production by 1990 [60]. Another project, which will increase the acreage
of irrigated land on the west side of the Sacramento Valley, 1s the
construction of the Tehamg-Colusa Canal. Plans are also being 6onsidered
for the construction of a major drain down the center of the San Joaquin
Valley which would expand the possibllities for permanent reclamation of
solls with heavy salt concentrations. On a smaller scale, other projects,
both public and private, are helping to maintain or expand the land base
by bringing additional land into production,
Governmental Farm Programs

Governmental programs are largely responsible for the year-to-year

changes in the California crop acreage of rice and cotton and also affect
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the production of wheat and feed grains, However, the stability in the
past decade of the distribution of State cotton acreage among counties
has been due to the existence of an acreage allotment program with its

accompanying restrictions on the transfer of such allotments,

Some Relevant Questions

The future of California agriculture is constantly in the forefront
of policy decisions by goverrment and in the plans of individugl farmers,
land investors, and industry, Legislators and directors of govermment
agencles ask, "How much new land will be needed to maintain California's
current share of the nation's food and fiber market? How cheaply must
water be made available if new lard is to be brought into production? How
can urban and industrial expansion be directed to minimize adverse effects
on agricultural production? What impact do aoreage allotments and other
government programs have on econonic effieclency in producstion? What
policies and projects should be carried out to keep agriculture a viable
force in California's economy?! Farmers planning enterprise growth want
to know which cropping patterns will likely maximize profit, Processors
need sound production projections to make decisions such as where to locate
plants, what sire to construct, and how much expansion to allow for,

No one can exactly predict future changes in demand, technology,
production, and prices of farm products, However, because farmers,
processors, legislators, and administrators are forced daily to make
decisions on the basis of future expectations, economic projection becomes
a rimary function of researchers whose aim it is to aid such people to

make rational decisions,
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Various types of projections relating to California agriculturel
production have been made within the university system, goverrment, and
private industry., However, these projections have primarily concentrated
on single resource or product categories, Projectlions of location and
activity of specific commodities (e.g., King and Schrader [58] ),
conversion of agricultural land to nonagricultural purposes (e.g.,
Conservation Needs Inventory [9] ), and water demands in specific areas
(e.g., California Department of Water Resources |24, 26, 28] ), have been
made, These various sets of projections have been developed for the most
part independently, based on very different assumptions, and have been made
without adequate consideration of the interrelationships among them, One
set of projections, by Dean and McCorkle [41], has included all major orop
and livestock groups as well as the major resources in California. However,
the projections are related primarily to State output of crop groups amd
to reglonal requirements for major resources in the production of the total
bundle of agricultural commodities, In addition, these projections,
published in 1961, were for the target date 1975, The need now exists
for a more extensive and current set of projections to aid in industrial

and governmental planning.

Objectives of the Study

The ultimate objective is to nmrovide a set of California agricultural
projections which are for an intermediate time period (e.g., projection
date of 1980), which are comprehensive in coverage of major products,
primary resources, and geographic areas within the State, which are detailed
in specific crop groups by area of the State, and which are internally

consistent. However, since many years of research will be required before



analysis of all the important varlables shaping California agriculture
can be completed and applied in detail to all major resources and
products, the scope and methods used in this dissertation rmust be
carefully limited.

Research Focus

The basic gssumptions and framework of this study must be formulated
soundly to allow other studies to be built upon them so as to achieve
the ultimate objective through additive research, Because the location
of orchard and vineyard crops is essentially fixed for many years after
planting, the detailed projections of this study will focus only on
major changes in field and vegetable crop production within the State,
Estimates of resource requirements should focus on land and water,

Gross projections of orchard and vineyard crops and minor field crops and
vegetables, though not covered in detail, should be included in order to
project total resource requirements, In order to project product prices
and total input costs, the cost of resources other than land and water
will need to be estimated also,

The practical orientation of this research is to inventory land
resources by major production area, determine the gross requirements
for all urban uses and crops not receiving detailed attention, and then
to project the locations ard requirements for the major study crops
subject to the residual resource constraints., Water resources will also
be inventoried in areas where they may restrict production before the

land resources become limiting., All other rescurces, (e,g., fertilizer,

6.

machinery, etc.) will be assumed available in unlimited supply at specified

unit costs,



7e

Specific Objectives

The impact of the natural resource endowment on the location of
California's field and vegetable crop production will be analyzed with
all other variables set at exogenously determined levels or unit costs,
Rather than predicting the equilibrium conditions, the research conclusions
will be of the form: 1if X, then ¥, That is, if the set of exogenous
variables, X, were to ocour as specified, then it is projected that the
set of ermdogenous variables, Y, should also occur, Subject to the
acourate estimation of the exogenous variables, to be discussed in
succeeding chapters, answers to the following questions will be obtained
for the target year 1980:

1. Will California have the productive capacity to retain its

current share of the nations's food and fiber market?

2. Can California produce the share of national output projected
by recent trends?

3. What will be the locational structure of field and vegetable
crop production which will maximize profits to producers if
they supply the share mrojected by recent trends? How does
it compare to the optimal 1961~65 locational pattern estimated
by & similar model for that period?

4, What will be the imputed farm price of each commodity if perfect
competition prevalls? How will it compare with ocurrent price?

5. What will be the imputed rents on land and water resources,
where restricting, under perfect competition?

6. What will be the requirements for irrigated land in each region
of the State in 1980 as compared to the present?
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9.

How will the feed grain production be distributed among

the various feed grains if total net energy is produced

at least cost?

At what maximum price of water will all alluvial soll on

the west side of the San Joaquin Valley come into production?
What would be the effect on optimum production locations

ard total cost of retaining the current cotton allotment
program in force through 19807

In addition, the locational structure, irrigated acreage requirements,

and imputed farm product prices of field crops and vegetables which

maximize profits to producers will be sought for average 1961-~65 output

levels and resource restrictions,

Further objectives of a methodological nature include:

1.

2,

3.

Teating the applicablility of a large scale programming model
to use as the basls for detailed economic projections,
Exploring new ways of defining production areas, ways which
are based on the production capabilities of multiple factors.
Investigating feasible methods of projecting urban acreage
expansion by homogeneous resource unit for use in a programming
model of agricultural adjustments,

Developing a basic model with which to analyze the effects of
possible changes in yleld, cost, demand, urban expansion, and
goverrmental policies on agricultural production patterns in
California.

It should be emphasized that although this study will provide some

detailed areal projections, the purpose is to provide estimates for policy

purposes and irdustry planning and not to serve as a planning model for an

individual farmer,

8.



Plan of Presentation

The remainder of the text falls naturally into three sections,

The theoretical discussion is in Chapter 2, the development of model
parameters in Chapter 3-6, and the results of analysis in Chapters 7-9.

In the first part of Chapter 2, an overview of general spatial
equilibrium theory is presented as the more general type of theory
encompassing the procedures of this research project, The specific
simplifying assumptions for this study are there identified, and the
model framework is presented in mathematical form in the latter part.

Chapter 3 clarifies methods of delineating "homogeneous production
areas" as spatlal units of analysis, The acreage restraints for the
study crops in each production area are developed in Chapter 4, in which
special emphasis is given to urban projections and to current land use
inventories of orchard and excluded vegetable crops. Other important
production area restraints are developed in the same chapter. Typical
study crop yleld and variable cost estimation comprises the body of
Chapter 5. A brief anslysis of past amd projected future ylelds is also
included in this chapter. Chapter 6 is devoted to estimating 1980 output
parameters as a share of projected U,S, output.

The findings of the base period model are summarized in Chapter 7,
where crop location, irrigated acreage, and mroduct prices of the model
solution are compared with the actual base period estimates, and possible
reasons for observed differences are suggested, In Chapter 8, the
1980 model solutions are compared with the base period. The only
difference between the first two 1980 models is in the cutput vector, In
one, California output is projected as the base period share of 1980 U.S.
output; in the second, it is projected as a changed share of U,S, output.



The output mrojections in the third 1980 model are the same as in the
second; this model is developed to determine the least cost feed grain
mlx which would satisfy the total feed grain energy requirement. 7Two
extensions to the third model provide tentative answers to the final
questions raised in the previous section concerning 1) water priecing on
the west side of the San Joaquin Valley and 2) the effect of the cotton
allotment program on efficlent production. In Chapter 9, the major
findings and implication of the 1980 models are concluded, the methods
of analysis used are evaluatsd, and a mumber of relevant areas meriting
further investigation are suggested.

The actuasl parameters used in the study models, necessary supporting
data, and detalled tables of the model results are confined primarily

in the appendices.

10,
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CHAPTER 11

FRAMEWORK OF ECONOMIC ANALYSIS

The relevant economic theory and tools of analysis for the projection
of product location are discussed in this chapter. Because of the overall
objective of making detailed projections for a broad spectrum of agricul-
tural activity in California, this discussion will not be confined to the
specific analytical framework required for the dissertation mroject.
Rather, a theoretical and analytical base is established which subsumes the
framework required for this study and into which possible additive research
projects can also be incorporated in accomplishing that goal.

In the first section of this chapter, the development of general
spatial equilibrium theory is discussed, In the second, a model for the
solution of general spatial equilibrium type problems is described. Its
mathematical development is included as an apperdix to the dissertation.
The simplifying assumptions required to make the dissertation project com-

putationally feasible are then presented with the specific allocation model
used,

General Spatial Eguilitelum Theory in Review

The theoretical framework into which this study will be incorporated
is that of general spatial equilibrium [ 57, 63]. This theory has developed
through the fusion of two lines of thinking == neoclassical and location
theory. Walras was a master of the first line arnd provided an analysis for
general equilibrium in a multi-product market., Space, however, was not con-
sidered variable in his gpmroach, To fill in i:he spatial gap left by the

neoclassical theorists, there evolved a group of economists who became known
as location theorists, They considered economic activity in space, but
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generally in a partial equilibrium framework,

Location Theor
Von Thunen [107] is known as the father of location theory. He con-

cerned himself with the theoretical considerations of the location of
agricultural production around a single center of population. His market
was treated as a unit isolated from the rest of the world, He made a signi-
ficant contribution in turning economic thought to include costs of trans-
portation as an important element in the determination of economic activity.

Weber followed Von Thunen with an analysis of spatial evolution from
the primitive agricultural society to an industrialized nation, Lefeber
[63] credits Hoover [53] with having provided the theoretical framework of
the theory of the firm and partial analysis to make Weber's location analysis
compatible with contemporary economic theory.

More than a century passed after Von Thunen first ploneered in location
theory before any economic theorists made an earnest attempt to broaden loca-
tion theory to the general case of multi-markets., Losch [65] was the first
to create a general system through the fusion of general equilibrium analysis
with location theory. Assuming a homogeneous spatial production plane, a
uniformly distributed population, and a continuous transportation surface,
he derived the concept of economic regions,

Isard [55] followed with a significant attempt to create an analytically
useful ",... general theory of location " through the synthesis of Weberian
thinking with Losch's analysis of market space, He, like Losch, assumed a
continuous transportation surface which proved to be a significant obstacle
to computational analysis, Being contimious, it is difficult to estimate
the transport plane with linear functions which would lend the problem to
more convenient solution by electronic computer l/[63. PP. 3-6].

1/ For more detail of the contribution of location theorists to a general
equilibrium see Isard [ 55, pp. 27=5¢].
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Neoclassical Spatial Eguilibrium

Several neoclassical theorists have likewise given serious attention
to the problem of inter-spatial market equilibrium. Thelr attention has
been motivated by the need to broaden the economic tools of analysis
through the consideration of transportation between spatially separated
markets rather than the derivation of market boundaries over a contimous
spatial production plane,

Enke [ 46] defines the problem the neoclassicists have tackled very
clearly: "There are three (or more) regions trading a homogeneous good.
FEach region constitutes a single and distinct market., The regions,..are
separated -~ but not isolated -- by a transportation cost per physical unit
which is independent of volume, There are no legal restrictions to limit
the actions of the profit-seeking traders in esach region. For each region
the functions which relate local production and local use to local price
are known and consequently the magnitude of the difference which will be
exported or imported at each local price is well known, Given these trade
functions and transportation costs, we wish to ascertain: 1) the net price
in each region, 2) the quantity of exports erd imports for each region, 3)
which regions export, import, or do neither, 4) the aggregate trade in the
cormodity, [and] 5) the volume and direotion of trade between each possible
pair of regions." He develops a linear mathematical model capable of
solution by electronic analogue, His equilibrium solution, however, while
including multiple markets, is derived for a single homogeneous commodity
only.

Samuelson | 80] quickly followed Enke's analytical approach with a signi-
ficant theoretical development to show that such an apmroach is consistent
with the goal of maximizing "net social payoff". Assuming a constant marginal
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utility of money, he elegantly proves that for the single product case a
static equilibrium can be found in which the "net social payoff! is
maximized over all markets, The maximum can be approached by trial and
error or by a systemastic procedure of varylng shipments in the direction

of increasing soclial payoff., The transportation cost between any pair of
markets per unit is defined as a constant, and the problem is expressed in
a linear programming format, Samuelson points out that with regional supply
ard demarnd given, maximizing net soclial payoff simultaneously minimizes

the sum of transport costs,

Beckmann [ 5] published an article the same year as Samuelson's
extending the formulation to consider the case where production and
consumption of a commodity take place in each infinitesimally small area over
space, This case has much the appearance of the contimuous spatial production
surface derived by the location theorists, However, if the areas are taken
as finite in mumber, the problem can be inserted into the Samuelson maximi-
zation framework., A solution could then be found simultaneously for both
the geographic distribution of production and consumption and the geographic
pattern of interregional flows.

General Spatisl Equilibrium
Following these theoretical developments of single product partial

analyses came Lefeber's general, multi-product, spatial equilibrium model in
which he fused neoclassical general equilibrium with the contributions from
location theory. He focuses ",,.on the problem of optimal resource allo-
cation and commodity distribution over space, given prices of final goods in
different markets or a welfare relation for spatially separated consumer
groups " [63, p. 8. He also develops a general equilibrium framework which
determines market prices of final commodities within the system as well as
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optimality conditions for both producers and consumers,

Lefeber bases his development on the following set of assumptions:
1) There are a fixed number of discrete location points in which both
production and consumption can take place, rather than a continmuous plane
of locational possibilities; 2) each point is endowed with an assortment
of productive factors; 3) there is no transportation cost within the region;
L) production of any or all goods ca;‘féké blace at any point assuming that
the necessary resources are available at that point or transportable to it;
and 5) perfect competition is assumed-- no single firm can affect the price
by adjusting its output placed on the market,

Lefeber presents a strong case for the inclusion of transportation
as a separate industry into this general scheme, i/hile most theoreticians
have assumed that tran5portétion costs per unit are dependent only on the
distance between markets, Lefeber insists that transportation needs to be
accorded the same respect as any other industry in the analysis. Transpor-
tation restraints are important in the short run, and in the long run trans-
port cost per unit can vary significantly based upon the demands placed on
it between pairs of regions. Depending on the relative cost of transporta-
tion to the value of product and on the cost of establishing new or enlarging
0ld transportation networks, transportation treated as a fixed cost per unit
between each pair of regions may be in significant error as a first approxi-
mation to the actual cost relationship.

Lefeber concerns himself with three levels of economic determination:
1) allocation of mroductive factors, 2) distribution of final goods, ard
3) choice of production locations. He develops an internally consistent
framework for the general equilibrium of a muitiple produet, multiple factor,
ard multiple region problem, This framework is finally simplified armd ex-

pressed in a linear programming format,
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A synthesis of various medels used in the general spatial analysis
of agricultural production and processing is presented by King [57]. The
approach, which essentially parallels Lefeber's, is static with the
important dynamic problems of growth and technological change bypassed in
favor of concentration on spatial aspects, The agricultural sector is
specified as to region and products within reglons. A general spatial
equilibrium framework is specified treating agriculture as if it were the
entire economy and its products the various industries within the economy.

Basic assumptions include constant returns to scale for the industry
and production points separated from consumption points. The reason for
the first assumption is simplification., The size distribution of individual
firms need not be considered if constant returns to scale hold because the
size of firm is indeterminate, Also the production function can be
expressed as a fixed input-output ratio which does not depend upon the
output level, The latter assumption is introduced for greater realism,
Since production of agricultural goods takes place in the area surrounding
population oclusters, it is a more reasonable first approximation to assume
an intraregional transportatlion cost. By spatially separating production
from consumption in each region, intraregional transportation becomes an
explioclit condition,

Non-transportable faotors, transportable factors, and intermediate
products are all introduced into the general framework. Final demand is a
function of price. The general spatial equilibrium problem of apgricultural
products is then couched in an activity analysis framework. The objectives
of the framework are to determine the equilibrium location of production
and processing, shipments of primary, intermediate, and final products,
demand for the non-transportable factors, and prices of each,
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A Model of location

A finlte number of relatively homogeneous economic regions can be
defined for California agricultural production, Therefore, in the deve-
lopment of the theoretical framework, the static neoclassical general equi-
1librium system will be generalized to encompass production and consumption
in reglions separated by transportation costs.

Further, since the locatlon of primary agricultural moduction, not
of processing plants, is the objectlive of this group of studies, the
theoretical development in this section will bypass consideration of inter-
mediate products in the general framework.l/

Agriculture will be treated as a distinct sector, and a general equi-
1ibrium will be derived for the products within that sector assuming ceteris
paribus in all other sectors of the economy. Thus, the theory will be for
a static general equilibrium within a partial analysis framework. The same
thing can also be said for any national framework which does not take into
account the effect on the national equilibrium of the exports and imports
of other nations. Any time some relevant variable is assumed fixed, the
result is a partial analysis framework, regardless of the number of variables
whose impact 1s considered endogenously within the system., Therefore, this
theoretical development for an intra-sectoral general equilibrium could just
as easily apply to an entire economy.

First, the general spatlal equilibrium problem will be specified in
very general terms and then simplified as necessary to become computationally
manageable,

The sets of equations needed include: demand for final products in each

region, supply of resources in each region (including both domestic avail-

1/ The interested recader is referred to Lefeber | 63, pp. 1l1-112] or

King (57, pp. 36-38] for the inclusion of intermediate products in the
frameWOI'k.
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ability and imports -- if applicable), transportation functions for
final products and tranSportable resources, and production functions,
Frovided that this system of equations meets the requisite conditions
for the existence of a unique solution, a general equilibrium theoreti-
cally can be found,

The word "theoretically" in the above argument should be emphasized,
fiven with such assumptions as homogeneous factors and products and well
behaved supply and demand functions (i.,e. dowrward sloping demand funection,
and supply function cuts demand function from below), it may be impossible
computationally to determine the general equilibrium without other crucial
assumptions such as perfect competition and a finite number of production
processes wilh fixed factor proportions, Without such assumptions, the host
of approximations and iterative procedures required to obtain the equili-
brium solution in a single-region, single-product case cast doubts as to
whether the equilibrium could be achieved in practice in a multi-region,
multi-product case,

For the purpose of establishing an analytical framework for this type
of study, the assumptions of perfect competition, a finite number of produc-
tion processes, fixed factor proportions, and constant returns to scalel/
will be accepted as sufficlently reasonable. The improvement in technical
accuracy from relaxing these assumptions would probably not nearly outweigh
the computational difficulty added (if the problem would be solvable at all),

With these assumptions, the extension of the Walrasian model by Lefeber
becomes entirely adequate to handle the problem., However, since the only
sector being considered endogenously within the system is agriculture, tran-

sportation costs will be assumed to be exogenously determined, and the quan-

1/ The assumptlon of constant returns to scale can be relaxed somewhat by
using different per unit costs of production in alternative model runs.
The new per unit production costs could simulate different farm sizes,
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tity shipped will not affect the per unit cost of transportation.l/

Solution by Linear Programming

The location model in Appendix Il is exXpanded from the Walras-Cassel
general equilibrium system. The supply-demand equations and the relation-
ship equations between resource and product prices in the original system
are replaced by inequalities in the mathematical development. The inequali-
ties place the system in a natural form to obtain the equilibrium solution
through the technique of linear programming. This modification also makes
the system somewhat more general, since the market will determine which goods
are free and which are scarce,

In the linear programming framework indicated in Appendix Tables H.l
and H.2, the resource supply restraints, resource demand equations (derived
from the production functions), product demand equations, transportation
costs, and unit cost relationships would all be taken into account in deriv-
ing the equilibrium solution. The optimum solution of an LP model, based
on a profit maximization objective function, is identical to the Walras-
Cassel equilibrium solution derived from the same set of inequalities.

The basic primal and dual relationships of linear programming are
developed in the apperdix. Therefore, they will not be duplicated in this
chapter.

An Alternative Method of Solutlon

The major alternative to linear programming as a method of solution for
interregional supply problems is regression analysis, However, the size of
this problem, with many mroduction ard resource interrelationships, precludes

the use of regression analysis as a method of solution. A further feature

1/ Tt should be noted that this assumption 15 really made for simplicity
sake, Agricultural demands on transportation during the peak season are
urdoubtedly enough to affeet the unit cost, However, this assumption 1s
not nearly so unreasonsble in this case with only agricultural production
variable as if an equilibrium for the entire economy were the objective
of the study,
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of regression analysis which would be a hindrance to the achievement of
the current objectives is that 1t predicts based on relationships of past
time periods, not on what could happen in the future. Policy changes,
impact of water projects, and other structural changes which are extremely
important in affecting the solution to the problem cannot be taken into
account easlily by regression analysis, While regression analysis may be a
reasonable predictor of response under a continuation of current structure,
it becomes a much less accurate predictor in the long run. It seems reason-
able that, in the long run, changes in location will tend to approach the
profit maximizing position. The linear programming formulation developed
above has this optimum as its objective, As a forecaster of regional pro-
duction and resource allocation, linear programming is often preferred for

the long run solution, and regression analysis for the shorter run [4],

Linear Programming Spatial Allocation Models

Because of the very large datsa requirements and computer demands
for a moderate-sized general spatial equilibrium model, some researchers
have sought a first approximati_on through the use of an allocatlon model.
An allocation model implies that either demand quantities are pre-estimated
and the demand then allocated among production regions, or production quan-~
tities are assumed to be known ard allocated among demand markets.

Interregional Grain Production Model

Ear]l Heady and colleagues have employed an allocation model of the
first type in a number of interregional studies of major grain and field
crops urdertaken at Iowa State University. Because of the practical rele-
vance to this project of the particular model used in the study, Regional
Ad justments in Grain Production [ 44] by Alvin Egbert and Earl Heady, it will

be discussed briefly here,
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Their general objective was to determine the most efficient pattern
of grain production in the United States which would satisfy anmual require-
ments, The basic assumptions for the structure of the grain economy inclu-~
ded the following: 1) production regions, with many individual producers
having the same production alternatives, are spatially separated; 2) all
producers in a region have identical input-output coefficients; 3) constant
returns to scale exist; 4) the only restricting resource is land; 5) each
producer seeks to maximize his profits; 6) quality is uniform; and 7) con-
sumption requlrements are exogenously determined by annual per unit require-
ments at a point in time |44, pp. 5-6].

It is the final assumption which dictates that an allocation model is
to be used instead of a general spatial equilibrium framework. This assump-
tion says that demand is independent of the prices that are generated by the
allocation model solution (i.e.,demand is assumed perfectly inelastic with
respect to price).

Heady et al. generally use a cost minimization linear programming frame-
work to similate equilibrium production location conditions. With demand
predetermined, solutions generated from a cost minimization model are identi-
cal to those of a profit maximization model |45, p.12]. The intuitive appeal
of this argument is obvious. If the quantity of each commodity to be demanded
at equilibrium prices is known before production occurs, minimizing total
cost of production will simmltaneously maximize total profits.

Egbert and Heady further simplify the general spatial equilibrium
problem by assuming a single, central demand point, and, in most of their
models, they assume zero transportation costs between points of production
and point of demard,
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California Spatial Allocation Model

Linear programming spatial allocation models similar to the Egbert-
Heady model will be used to achieve most of the research objectives of this
study., This section of the chapter will be directed to the specific models
to be used. The mathematical framework is presented first, followed by the
detailed model assumptions, and finally by the specific structural differ-
ences between the five analytical models of this form developed.

Mathematically stated. In mathematical form, the linear programming
primal problem is as follows:

minimize total nonland cost of production =
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Nonnegative input usage

k

> .
xij 0’

duction area k,

is acreage of commodity i produced by process j in area k,
is minimum output of commodity i grown in California,

is minimum output of dry beans grown in the Central Valley,
is minimum output of potatoes grown in the mountain valleys,
is yield of commodity i grown by process j on one acre

is maximum acreage of cropland for model crops in area k,

is maximum irrigated acreage available for model crops

a* s,

23,

(2.4)

(2.5)

(2.6)

(2.7)

. 18 cost of producing one acre of commodity i by process j in pro-

in area k,

in area k

1/ Also quality restraint on potatoes in the San Joaquin Delta.
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Rk is maximum acreage of commodity i grown by process j in area k due

1] k o k
to rotational requirement (Rij sL),

B ig . San Joaguin Valley cotton allotment
Southexrn California cotton allotment’

8, ..., b are San Joaquin Valley areas,
a, ..., d are Central Valley areas,
e, ..., £ are Southern California areas (0 S a, b# e, £ 5 t),
g, +++, h are mountain valley areas,
m 1s dry beans,
n is potatoes,
p is cotton,
1, +«., 8-2 are irrigated production processes,

r, s, t are upper limits on commodity, process, and area numbers,
respectively.

The objective function of each model is to minimize the total nonland
cost of producing & minimum quantity of each output subject to the avail-
ability of nontransferrable resources in each production area. To minimize
nonland production costs is to produce that minimum quantity most effi-
ciently in the absence of transportation costs. In a perfectly competitive
environment, profits to individual producers for supplying that specific
level of output would be maximized simultaneously.

In addition to the requirement that the model allocate resources among
production processes in nonnegative quantities, three types of production
area resource restraints are identified in all models. These include total
cropland, irrigated acreage, and individual crop acreage. Total cropland
restraints limit the maximum aggregate acreage of all crops in a production
area. Irrigated acreage restraints are the maximum acreage for which water
is estimated to be available on a perennial basis and limit the acreage of
all irrigated activities in an area. The restraints on individual crop

acreage are specified because of the need to rotate crops.
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In one of the projection models, Model 1980D, the relative distribution
of cotton acreage among regions is specified. The purpose of this restraint
is to estimate the effect on the model solution of continuing the current
"cotton allotment program.

The dual problem to the primal just specified appears as follows:

maximize returns to fixed resources =

r s t
T I I (up, +vLS kTt + YEJRE y+2z -0 (2.8)
ims]l j=1 kel J P

subject to

Imputed value per acre of output less rents to fixed resources equals
per acre nonland costs

k 4 k k k
- - - <
Aijui v W Yij + Zp cij’ (2.9)
Imputed product price and resource rents are nonnegative
u,, v°, W, ij = 0, (2.10)

Imputed value of an additional cotton allotment acre in the San Joaquin
Valley is unconstrained (in Model 1980D)

<
Zp > 0; (2.11)
with additional notation required

Ui is imputed price of commodity i,

Vk is imputed rent to an acre of land in production area k,
Wk is imputed rent to an irrigated acre in production area k,

Yﬁj is imputed rent to an acre of the individual crop restraint of
commodity i produced by process j in production area k,

Z 1is the imputed rent to an acre of cotton allotment in the San
P Joaquin Valley {(in Model 1980D only)-

The format of the dual problem portrays the equilibrium relation between
resource and product prices. When the system is in equilibrium, the product
value per acre in a particular area is equal to nonland costs per acre plus

all rents to fixed resources.
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In setting up the dusl form of this problem, the equal to or
less than inequalities in the primal are multiplied by (-1). This
transformation is required in order that the imputed wvalue of each

1/

resource and product in the dual be nonnegative, However, there is
no way to assure that the shadow price of an equality is nonnegative,
For example, in the case of the cotton allotment equation, the imputed
value will be positive if the next unit of cotton can be produced leas
expensively in the San Joaquin Valley than in Southern California,
negative if the reverse is true, and zero 1f the marginal cost is the
same in both regions.

Model assumptions, Although simplifying assumptions neeessa.ri'ly'

limit a model's usefulness as a simulation of the real world, certain
assumptions are necessary to make the study computationally feasible,
The particular assumptions upon which the programming models are
developed may not exactly describe the field and vegetable crop industries
in California. However, they permit the use of models which are suffi-
ciently comprehensive and detalled to be consistent with the objectives
of this study.
The following specific assumptions with regard to the structure
of the field and vegetable crop industries in California were mn.de:y
1. There are N unique, spatially separated but interdependent
production areas with many producers of field and vegetable

crops,

1/ Actuailly, the specific oompufer algorithm used lists imputed
product prices as negative values, as evidenced in Appendix
Table G. 12.

2/ The reader may wish to compare these assumptions with those of
Heady and Egbert [ 44, p. 6].
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Unless exogenously proJjected to produce crops not included
in the study, all producers in a specific area have only the
choice of producing the same commodities, and quality is
uniform between areas.l/
A finite number of production processes is specified for the
production of any commodity,
A1l producers in a specific production area have identical
input-cutput coefficlients for each production process,
Input-output coefficients are constant within the relevant range.
Total production in each area is limited only by the net acreage
available to the model crops.
Total production of irrigated crops in each area may be limited
by a restraint on irrigated acreage.
Production of an individual commodity in any area may be limited
by a rotational requirement,
Governmental programs, location of processing plants, and other
institutional factors do not directly affect either California's

31/ Two additional restraints will be imposed on all models due to evidence
challenging the realism of the latter part of this assumption:

(1) The lower quality of potatoes produced on peat soils in the otherwise

(2)

high yielding San Joaquin Delta area limits lts disposition to the
seed market, Acreage in this area is restrained at a maximum of
10,000 aores in all models,

There are important varietal differences in at least two commodities
produced in different parts of the State. Dry beans produced in the
Central Valley are generally of a different variety than those
produced along the Coast. Likewise, the types of potato produced in
the mountain valleys faces a somewhat different demand market than
other potatoes produced. The unit cost of producing dry beans in
the Central Valley and potatoes in the mountain valleys is higher
than in some other areas. However, because of the peculiarities of
the product in the specific areas mentioned, mroduction would likely
not shift to other areas in an optimal pattern., DBecause a product
price differential between reglons has been assumed away in the
development of these models, minimum ocutput restraints will be imposed
on the production of dry beans and potatoes in the Central Valley
and mountaln valleys respectively,
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share of U,S., output or production patterns within California,
with the exception of Model 1980D.l/

10, The economic objective of each producer is profit maximization.

11, The system is static in that consumption must be met from
current mroduction,

12. There is only one center of demand,

13, Transportation cost between points of supply and point of
demand is zero,

14, All producers face the same set of product and resource prices,
except that water mices vary by production area,

15. Total output requirements are exogenously determined.

16, One crop per year can be harvested on each parcel of land, with
the exceptlons that a crop of nonirrigated barley can be harvested
only once in two years in some production areas, and certain
double cropping activities (viz,, barley-grain sorghum, brocecoli-
lettuce, and lettuce-lettuce) are possible in other areas,

Structure of alternstive models. Five specific LP models will be

developed for use in this stndy.g/ One model is oconstructed to determine
optimum locations of production in the base period, 1961-65, in the absence
of govermmental programs, The output levels, resources available after
consideration of urban and excluded crop requirements, and variable cost
and yield parameters for the model crops are estimated for this pericd.
The other four models are for the projected year, 1980,

The differences between the 1980 models are designed to answer specific
questions concerning the future of California's agricultural industry or to
add greater realism to the anzlysis, The objective of each is the same as

that of the base period model; viz., to minimize total nonlamd production

1/ A regional cotton allotment restraint is imposed in Model 1980D,
2/ The abbreviation "LP" will be used periodically for “linear programming,"
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costs subject to minimum output restraints and maximum area resource
restraints. The cost and yleld estimates, as projected to 1980, are the
same in each of these models, as are the total land, irrigated acreage,
and individual crop acreage restraints, Total land and individusl arop
restraints in 1980 are lower than in the base period because of additional
requirements for urban and excluded erop larnd in 1980,

In one of the 1980 models, minimum California output is projected to
be the same share of U,S, output as in the base period. In another, his-
torical trends in the share supplied by California are taken into account
in projecting 1980 output constraints, In the third model, output levels
are the same as in the secord, However, substitution among feed grains is
allowed in the selection of the least cost mix to meet total net energy
requirements, A single feed grain restraint replaces the separate restraints
for each feed grain category. In the final model, the structure of the
third is retained except for the addition of a regional cotton allotment
restraint, With a contimuation of the cotton allotment program, output
levels of cotton and safflower projected for this model are different than
those projected for the previous one. The baslic structure of sach model
is summarired in Table 2.1l.

The specific orops included in the study are the same in each model,
Since there are more than 100 different field and vegetable crops grown
in California with many thousand forms and varieties, it is clearly beyord
the scops of this diasertation to consider each separately. Therefore,
only those crops will be included which are most important in acreage or
value of production to the economy of California. Those commodities which
have sufficiently similar production requirements and/or demand structure
will be grouped and represented in discussion by the most important orop.
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No distinction will be made between alternative marketing outlets, such
as fresh and processing markets for vegetables, The crops to be included
in the study represent 91 percent of 1966 acreage and 83 percent of 1966
value of production of field and vegetable crops [10, 14].

The specific orops included in this study, together with the
representative crop of each group and the model crop activities, are
identified in Table 2.2,

The parameters required in the various models are developed in the
succeeding chapters, The production areas are delineated in Chapter 3,
the model resource restraints relating to these production areas are
developed in Chapter 4, the cost and yield estimates in Chapter 5, and
the State output restraints in Chapter 6.

31.
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CHAPTER III
HOMOGENEOUS PRODUCTION AREAS

Resource Variables

A homogeneous production area (HPA) refers, in this study, to spatial
units having a degree of internal homogeneity in the natural resource
erdowment-- specifically soil and oclimate and, incidentally, water, The
underlying concept of such a delineation is to group productive units which
face similar production relationships, costs, and prices in order to minimize
aggregation bias.y By stratifying the data according to resource endowment,
attention is fooused on spatial differences in nontransferable factors
affecting ylelds and production costs,

This concept is similar to that used by Whittlesey and Heady in their
national interregional competition model of seven field crops. They deline-
ated 144 producing areas "... along county lines to form regions that are
relatively homogeneous with respect to climate, historical yields, amd
production costs" [110, p. 103]. In one model, they alse divided the crop-
land within each region into three groups reflecting differences in producti-
vity. It is a desirable objective to follow such administrative boundaries
in the delineation of areal units because most data are collected using
adwinistrative units as a base, and results can be understood most essily
if they relate to familiar boundaries, But while Whittlesey and Heady may
have been sble to achleve a degree of homogeneity in ylelds and production
costs by adhering to county boundaries, it is not possible in this study, A
typical county in California is an extremely heterogenecus production area.
Most counties include valleys and mountains, shallow soils and very deep
soils, and areas with surplus or with deficit water supply. For example,
San Diego County has land in four major plantclimate sones, ranging from

1/ The problem of aggregation Dias is discussed in the next section,
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marine dominated coastal valleys to the dessrt, and soil oconditions which
vary Jjust as widely. Reliance on county boundaries results in the deline-
ation of production areas which are so heterogeneous that one may be but
8lightly less justified in considering the entire State to be one HPA,
Although the practical problems associated with data collection and reporting
of results are increased markedly, county boundaries will have to be ignored
if realistic HPAs are to be specified,

The first goal in this study is to obtain the most reasonable spatial
aggregation of productive units for which a single set of production condi-
tions could apply. Soil productivity and climatic conditions are hypothesired
to be the key natural resource varisbles affecting agricultural production.
These are the factors of production which, in the long run, are least sus-
ceptible to change, Although soll productivity and microclimate can be
modified to some extent by production practices, rents do accrue to specific
land units because of the inherent natural resource endowment., Other factors
of production, such as labor, equipment, and managerial ability, are wuch
nore flexible over space and time,

In addition, there are aspects of the market situation which are
directly associsted with individual land units over relatively long time
periods, The major one is distance from the market, Depending on the time
horizon of the study, the location of processing plants may be relatively
inflexible., Although these factors are not emphasized in defining HPAs in
this study, any variable which can be stratified spatially may be incorpora-
ted conceptually into the criteria for delinsating homogeneous production
areas, The shorter the time horizon of the study the more variables must
be assessed in obtaining realistic HPis.

Similarity in soil and olimate will be sought through the analysis of
general soils maps and plantclimate studies in the delineation of HPAs,
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No other elements of the agriocultural enviromment will be differentiated
spat:hlly.y It is for these areas that land, rotation, and water restraints
ard cost and yleld estimates are r;levmt.

In the following section, the method used to delineate HPAs is
defended as a means of effectively limiting aggregatien bias. The remainder
of the chapter will then be devoted to a discussion of 1) the soil categories,
2) the climate zones, and 3) the combination of the two in identifying HPAs
for this study,

A Note on Aggregation Bias

Dey [36], Miller [66], Lee [62], and others [82, 49, 3] have dealt
with the problem of aggregation bias in linear models. This bias may be
experienced in any maocro model which utilizes benchmark or average unit
data. In a production model, the effect is to estimate aggregate supply
at a higher level, for any given mrice, than it would be if a linear model
had been solved for each production unit in the aggregation. Day suggests
three sufficient conditions which, if met by all production units, would
prevent aggregation bias in a macro supply problem., They are the following:
1) identical input-output matrices, 2) proportionate variation in the net
returns vectors, and 3) mroportionate variation in the restraint vestors.
The method of aggregation used in this study is analysed in light of these
oriteria in the paragraphs below,

By delineating HPAs according to similar soil and climate, farms
which have similar input-cutput matrices are grouped together. Those with
very different coefficlents of output are separated into different areas.

The unit price vector of nomrestriotive resources to one farmer in
each HPA may not be greatly different than to another farmer., Farms within

1/ Water avallability is also considered indirectly in this delineation.
See the last section of this chapter for an explanation,
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most HPAs are reasonably closely situated, so the competitive envirorment
in the rescurce market should be similar for most farmers, Although some
economies of scale are possible in agriculture, most of the State's produc-
tion comes from farms which are large enough to take advantage of major
economies of sizo.y In a perfectly competitive envirorment, product prices
equals marginal cost, Therefore, not only should the net returns vector of
one farmer be mroportional to that of another in the same HPA, but in many
cases they may be equal,

Because of the methods used in specifying restraints in this study,
nonproportionality in the restraint vectors is not expected to be a signi-
ficant source of aggregation bias, Specifically, land is the only restricting
resource to production in all HPAs, In those areas where water 1s expected
to restrict irrigated production befors land becomes limiting, the restraint
is not imposed on total water avallable; instead, it is imposed on total
land that can be irrigated., In all other areas, the irrigation restraint
is omitted, In each area where a specific irrigation restraint is imposed,
it is based on actual past irrigated acreage. Therefore, the possibility
of overestimating supply in these areas, if water is not uniformly available
on all farms, is minimized, Finally, the rotation restraints are estimated
as a function of land available, Because they never exceed the total land
restraint, it is not necessary that the rotation requirement be uniformly
distributed throughout the HPA in order to avoid aggregation bias, It may
be possible that another resource, not assumed to be restricting in this
analysis (e.g., capital, labor, or machinery), actually limits mroduction
or alters the cropping pattern on particular farms in the target year, How-
ever, other studies of California oropping systems have conoluded that these

1/ In several economies of size studies conducted on California field erop
farms, it has been observed that few additional internal economies are
possible as farms become larger than 600-1000 acres [ 38, 68, 4#7]. The
1964 Census of agriculture reports that two~thirds of field crop output
in California is produced on farms which are larger than 700 acres in
size [ 104 , pp, 105],
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resources are not normally restricting in actual practice. Adequate
oredit facilities are available, labor can be hired, and machinery often
exists in excess capacity in relatioen to the smount of land available [uoj.y
Therefore, the problem boils down to the natural resource endowment being
the primary restriction on production, and nonproportionality in the
restraint vectors should not be a serious cause of aggregation bias,

It is conoluded that Day's sufficient conditions for avoiding bias
in aggregation are satisfied reasonably well by the methed of grouping
production units used in this study. While some bias is inevitable, it
should be minimal, Certainly, it will be far less important than had very
dissimilar production units been grouped (e.g., by following county
boundaries),

General Scils Map
Seil surveys have been completed in varying detall during the past

half century on virtually all privately owned land in California. These
surveys have been conducted on an area by area basis and have typically
concentrated on micro-classification of solils by soil series,

In the early 1950's, Storie and Weir published a report entitled
Generalired Soil Map of California [ 88] which depioted the general soil
geography of the entire state. They based their report on an snalysis of
then current detailed and reconnaisance soil surveys and grouped individual
soils into elghteen major categories, They rated each category saccording

1/ In addition, it is anticipated that managerial talent and screage
allotments will not alter the optimal production pattern on individual
farms. The rationale for this expectation follows: 1) it should be
possible to purchase adequate managerial talent if not already avail-
able on specific farms; 2) even if the ocurrent cotton allotment program
is continued, allotments can be transferred from one HPA to another,
through land sales or rentals, so that acreage allotments are not an
offective restraint to production on individual units,
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to its ",,.general land use sultability for commercial timber, grazing,

nonirrigated field and truck crops, and irrigated field and truck crops"
[88, p.l]. Subsequently, additional work was done on the general soil
map, the number of categories were expanded, and the map, acreage, land
use suitability, and Storie~Index rating were reported for each county in
a manuscript as yet unpublished [87].

The Soll Conservatlion Service has recently been authorized to prepare
general soil reports for each county in California, Although the maps are
much more detailed than Storie's and would therefore be more accurate for
some of the inventory work undertaken in this atudy, these reports were
not available for all countles at the inception of this study. A limitation
to the use of the SCS general soils reports even now is that the soil
categories are not uniform for all counties, Each county SCS unit possessed
a degree of autonomy in the speclfication of soil categories; hence, these
categories cannot be readily fit together into a consistent soil map for
the entire State.

Storie's unpublished mamscript has been used in this study as the
basic reference for delineating soils of different agricultural productive
capacity., Based upon recommendations by Dr. Storie amd Mssrs. Eugene Begg
and Gordon Huntington,yStorie's s0ll classes were grouped into thirteen
agricultural soll categories., In terms of physiographic groupings, four
alluvial (rmmbered 01, 02, 03, and 05), five basin (11-15), and four terrace
soils (21-24) make up the thirteen categories.y A description of typical

soils in each category can be found in Table 3.1.

1/ Soils specialists in the Department of Soils and Plant Mutrition,
University of California.

g/ With minor exceptions, upland soils are not sultable for cultivated
agriculture; hence, they are excluded as & group from this study,
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Soils 01 = 03 are recent alluvial fan and flood plain soils of

medium texture; 05 is wind-modified sardy soil; 11 consists of the
organic soils; 12 is salt-free basin clay soil; 13 is clay soil with
moderate to strong salt concentrations; 14 is basin rim soll reclaimed
of salts; 15 is unreclaimed basin rim soil; 21 is terrace loam soil with
medial profile development; 22 is terrace clay soll; 23 is claypan soil;
and 24 is soil urderlain with hardpan.

While Storie's manuscript was used as the primary source of data,
other information, both published and unpublished, has been utilized for
refinements on acreages, boundaries, and classification., SCS general soil
reports | 98] were used for Napa, Solano, Sonoma, Stanislaus, Yolo and Yuba
counties. The general soil maps published in recent soll surveys were
used for Glenmn and Tehama Counties [ 7, 50] and a portion of Alameda County
[109]. A reconnaisance soil survey was used for Sutter County [ 51].

Mr Alan Carlto 1

modified the map for San Joaquin County from more recent
data. Mssrs, Begg and Huntington recommended modifications in several
other counties. County farm advisors and agricultural commissioners
provided estimates of the acreage of land classified by Dr, Storie as
saline-alkaline which has since been reclaimed of salts. They also

suggested a few alterations in delineations and acreages.

Flantclimate Zones

Climate is one, and perhaps the most important, of the fundamental
determinants of what plants can be grown in a given area. The word climate
encompasses such variables as anmual rainfall, its seasonal distribution,
light, temperature, humidity, and air movement.

In recent years extensive research has been undertaken at the University

of California to determine which of the olimatic variables most affect

1/ Soils specialist in the Department of Soils and Flant Mutrition,
University of California.
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plant growth and to delineats major rones within which orop adaptability

is simllar, It has been observed that in all the principal farming areas

of California temperature is the major oclimate faotor which controls plant
growth, Rainfall is of lesser importance, except where the seasonal distri-
bution is such as to cause plant damage or where it is so sparse that the
cost of irrigation water becomes prohibitive.

In a 1959 issue of California Agriculture, Kimball and Brooks published
a preliminary mapping of sixteen plantclimate zones in California in which
areas with similar effective day amd night temperatures were grouped
[56, pp. 9-10]. It should be noted that while effeotive day and night
temperature is only one measure of climate, the important factors which
combine to determine temperature also greatly affect other olimatic measures.
The chief factors which determine temperature in different parts of California
include distance from the equator, elevation, influence of the Pacific Ocean,
influence of the scontinental air mass, mountain ranges, and local terrain
(43, p.8]. Several of these factors will be recognised ss also affecting
rainfall, humidity, and 1light intensity. Therefore, by directly introducing
temperature as the key variable in delinesting plantolimate sones, other
climatic measures wers indirectly accounted for because of the degree of
correlation between them,

A revision of the plantolimate map was published in 1967 in Sunset
Western Garden Book [43, pp. 17-27]. In that publication, the State was
divided into nineteen zones for the benefit of the howe gardener. In
consultation with Mr, Kimball and Dr, DeWayne E, Gilbert, his successor,
it was advised that the basic plantclimate delineations published in Sunset
be followed in this project. Certain revisions prompted by the specific
oreps in the study and additional research findings sinoce the preparation
of the map were recommended, In gemersl, the changes consisted of grouping
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the minor thermal belts with their valley fleor counterparts, splitting
the Central Valley laterally in two additional places, splitting the north
coastal climates laterally, and separating the San Joaquin Delta from the
coastal olimates. This set of modifications resulted in the delineation
of nineteen plantclimate zones whioch are depicted in Figure 3.1 and desoribed
briefly in Table 3.2.

For parposes of presenting the findings of this study, the nineteen
climates have been grouped into nine regions (identified by the first digit
of the olimate code) which, with one exception, follow plantclimate boundaries.
The one exception is that climate zone 24 is the same as 51, but was separated
from 51 in order to keep the regions contiguocus. Hsnce, there are twenty,
rather than nineteen, climates listed,

Homogeneous Production Areas

An overlay of the climate zones on the s0il map results in the
delineation of 115 different soil-climate combinations, which we shall refer
to as homogeneous production areas .y'rh-:lr locations are jdentified in
Appendix A. The aoreage of each HPA was determined by planimetering,

After the projected 1980 aoreage of land in urban, extra-urban, semi-
agriocultural and non-model orop use was calculated, twenty HPAs, including
one entire climate, were deleted from the model because of insignificant
residual acreage. The residual acreage of a deleted HPA was added to that
of the next most similar HPA, A minimum of ten thousand residual acres was
established as the primary guideline for keeping an HFA in the model, In
addition, HPAs with 10,000 = 20,000 gcres which are very similer to another

1/ Aithough no additional delineations were made along irrigation water
isccost lines, the cost of water in the San Joaquin Valley was indirectly
taken into account when soils 01, 02, and 03 were retained as seperate
entities in the model, The productive capacity of these soils is similer
for most arops; hence, they could be reasonably grouped together on this
basis alone, But the natural geophysical boundaries hetween these soils
separate them equally well according to the cost of irrigation water.
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FIGURE 3.1

Plantclimate Zones

=<5

3

32 = JJ
33 wi34 %

3
-6
&

"11 72
U

31



47.

TABLE 3.2

Description of California Plantclimate Zones
(43, pp. 9-26; 56, p. 12]

Description

Zone
11
12
ia 33 .
21
shine intensity. Humidity is high.
22
than in zone 21,
23
in different parts of the climate.
24 See climate zone 51 for description.
31
32
Record lows range from 17° to 20°.
33
record highs average 112°,
34

Marine influence completely dominates this North Coastal climate.
Sunshine intensity is markedly reduced by fog. Humidity is the
highest of any of the climates. Typical mean dgily maximum
temperature in August, the hottest month, is 617; Sypical mean
daily minimum in January, the coldest month, is 41°.

This climate zone consists of the cold winter valley floors along
the North Coast. Humiditg is high. Typical mean daily maximum
tempegature in July is 84; typical mean daily minimum in January

Marine influence dominates this Central Coastal climate 98 per-
cent of the time. There are virtually no frosts. Tygical mean
daily maximum temperatures in September range from 67 to 72°;

typical mean daily minimum in January is 42°, Fog reduces sun-

This Central Coastal climate is dominated by the ocean 85 per-
cent of the time. It has regular summer afternoon winds.
Humidity is high. Winters are colder and summers are warmer

The temperatures in these cold winter basins along the Central
Coast are moderated by occasional marine influence. Hugidity is
relatively high. Record low temperatures range fram 11  to 22

This mild South Coastal climate is almost completely marine
dominatsd. Hugidity is high. Record low temperatures range
from 20" to 33~ in different parts; record highs average 105,

This climate consiasts of air drained thermal belts surrounding
the South Coastal cold winter basins. Marine domination varies
throughout the zone from occasional to 85 percent of the time.

Cold winter portions of the South Coast are included in this zone.
Marine domination in this climate also varies from Occasignal to
85 percent of the time. Record lows range from 14 to 24 ;

This climate comprises Southern California's interior valleys and
terraces. The continental air mass dominates the climate at
least 85 percent ofothe time. Humidity is Iow6 Record lows
range from 7 to 23 ; record highs average 115°.

--Continued on next page.
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Table 3.2 (continued)

Zone

Description

o ——

41

42

51

6l

62

63

71

72

The Sacramento Valley floor is characterized by a long growing
season and almost constant sunshine during it. The growing
season is shorter, due to later spring and earlier fall rains,
and the humidity higher than in the San Joaquin Valley (climates
61 & 62). Resord logs for climates 41, 61, and 62°combineg
range from 13" to 18 ; record highs range from 104 to 116°.

This climate is the thermal belt surrounding the Sacramento
Valley. The cold air drains to the valley floor causing this
climate to have milder winters. Record lows in climates 42 and
63 combined range from 15 to 21 ; record highs are similar to
the valley floors. Other characteristics are similar to climate
41.

Occasional marine influence keeps winter temperatures higher and
summer temperatures lower than they would otherwise be. While
maximum and minimum temperatures are similar to climate 23,
humidity 1is considerably lower. This climate consiasts of valley
areas in the transitional zone, which is further inland than
climates 22 or 23.

This climate is bordered by climates 51 on the north and 62 on

the south. Humidity is higher than in climate 62, but it is still
quite low. Rains are generally restricted to a six-month winter
period.

This climate is characterized by the longest growing season and
the lowest rainfall of the four zones which make up the Central
Valley floor. Summer temperatures are generally slightly warmer.

The somewhat higher elevations which drain into climate zones 61
and 62 are grouped into this c¢limate. This thermal belt is noted
for substantially milder winters than its valley floor counter-
part. In some areas, the temperature difference may be as high
as 10" at the same latitude.

The medium to high elevation deserts in Southern California com-
prise this climate. It is characterized by extremely wide
temperature divergence between night and day and between winter
and summer. Recgrd lows range from O to 6°; record highs range
from 114 to 117, There are more than 110 days each year when
the temperaturs exceeds 90 and 80 nights when the temperature
drops below 32°.

This climate is identified by the lower elevation desert, partic-
ularly Imperial and Coachella Valleys, witg ies egtremely long
growing season. Record lows range from 13 ot° 197; mean daily
maximum temperatures in July range from 106~ to 108",

==Continued on next page.
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Table 3.2 (continued)

 Zone _Description
81 This climate zone, otherwise referred to as the Digger Pine Belt,

is made up of the middle elevations. Hot summers and pronounced
winters give this zone well defined seasons without the severe
winter cold of climate 91 or the high humid%ty of the Coastal
¢limates. Record lows range from -1 to 15 .

91 Frosts can occur any day of the year in this high elevation
climate. The normal growing season ranges from 100 to 180 days.
It is the coldest of California's climates.
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with a much larger acreage were grouped, and HPAs with nearly 10,000 acres
whioch are greatly different from all other HPAs were retained in the model,
Using the primary guideline as the only criteria, nineteen HPAs would have
been excluded, By applying the supplementary rules, three more HPAs were
deleted and two of the nineteen were retained to leave a total of 95 in
the model, The ldentification of the specific HPAs that were grouped is
given in Appendix Table B, 3,

With tho HPAs identified, the next two chapters will deal with
obtaining relevant resource restraints and cost and yleld estimates for

sach of these areas,

1/ The olimate sone dropped was sone 33 which had a projected 1960
acreage of less than 13,000 acres,



CHAPTER IV
LAND, WATER, ROTATION, AND ALLOTMENT RESTRAINTS

Five types of restraints are identified in Chapter 2 for inclusion
in one or more of the LP models, The development of four of these, all
of which restrict the acreage of all or part of the crop aoctivities in
specific areas, are discussed in this chapter, In the firast section, the
method of estimating the total acreage availasble in 1965 and in 1980 for
model orop activities is presented, In the second, specific restraints
on the sum of all irrigated crop activity acreage are developed. Rotation
restraints on the acreage of individual crop activities are developed in
the third., And the fourth section is devoted to the relative regional
cotton allotment restraint to be used in Model 1980D,

Land Restraints

The procedure used to estimate the HPA acreage restraints on model
oerop activities may be referred to as residual resource inventorying.
From the total inventorlied acreage is subtracted acreage estimates for
land uses assumed to return a higher marginal value product to a limited
number of land units than the model crops. Land uses for which acreage
isr to be deducted from the total include all urban, extraaurban,l/ard
semi-agricultural uses .§/ and production of orchard, vineyard, and excluded
vegetable crops, Land required for each of theae uses is exogenously
estimated and subtracted from the total HPA aocreage. The residual is

3.

1/ The extra-urban category includes public roads, military reservations,
parks, eto,

2/ Inciudes farmsteads, farm roads, canals, feedlots, typical crop
failure, and forced idle land.
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entered into the model as an upper acreage constraint on the sum of
all model corop activities,

Urbanigzation

Recent estimates of urban land use in California vary from 2,000,000
L79, pp. 46, 48] to 2,400,000 acres |9, p. 46]. Projections from
additional urban land requirements during £h0 next decade range from less
than 700,000 to more than 1,000,000 acres [79, P 48]. In order to ade~
quately assess the impaot of urban expansion on agrioculture, these
projections must be disaggregated in terms of HPAs,

Urban economists have developed a number of theories for explaining
the process of urban agglomeration and expansion [2, 78, 79]. While some
emphasige transitions within the urban sector, others concentrate directly
on the issue of expansion onto nonurban land. From the theories of urban
expansion, a few points stand out which are of value in quantifying urban
land requirement by HPA., Three theorists, Ruth, Krushkov, and Rao, agree
that the primary variable determining total new land required is the rate
of populstion growth [78, p. 21; 79, p. 17]. Ruth and Krushkov thecrire
that in the absence of a comprehensive urban development plan, the two
variables which most affect specific land developed are its slope and
proximity to the urban fringe [79]. None stress the alternative value of
land for agricultural uses as a significant variable affecting which land
is developed, Assuming that the value of land for agrioculture is insigni-
ficant in determining urban expansion, the latter can be projected without
consideration of any resultant agricultural adjustaents.

Population projections have been published by the California
Department of Finance [15, p. 3] for each county in California for five-
year intervals to 1985, These projections are based on U.S. Bureau of the
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Census fertility series Dlj[103] and net in-migration to California
of BO0,000y persons per year, Thers have been no comprehensive
projections made for sub=county units in the State. The urban lard
rojections used in this study will be based on the Department of Finance
population projeoctions,

Urban countlies, Projections of gross urban land requirements in

California, or a major subregion within California, have been developed
by s mumber of researchers to target dates in the decade 1970-80

[9, 78, 79]. However, only one of these studies made projections for
county and sub-county urmits within the State [79]. The authors, Ruth and
Krushkov, undertook an elaborate and sophisticated study of urban land
expansion in 25 urban counties of California between 1950 and 1964, The
research procedure included measurement from aerial photographs of actual
developed land for the two points in time, analysis of a host of general
and local explanatory variables, testing of several alternative equations,
and a projection of urban land requirements for the periocd 1965-75 for 188
urban submarkets, It is this study which will be used as the basic
reference for projecting urban land requirements by HPA for 1980.

1/ Series D is the lowest of the fertility rates used in Bureau of the
Census projections, Series B was the fertility level used most
frequently by researchers until a few years ago., Series C is currently
thought to be the most relevant for the U.S, However, in 1966 and the
early part of 1967, actual performance in California fell somewhere
between C and D [15, Pe 1]o Reliance on Series D in these projections
is based on the assumption that the fertility rate will contime to
decline,

2/ During the decade 1950-1960, the anmial net civilian in-migration to
California averaged approximately 340,000 persons, Recently the rate
has been lower, These projections assume that within a few years the
level will converge to 300,000 perscns [15, p. 1].
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The authors employed preliminary Department of Finance 1975
population projections which allocate 92 percent of net population growth
in the State to these 25 counties, The most important determinant of
new land required per additional person during the period 195064 was
fourd to be the rate of population growth, Two equations, expressing
the relationship between these two variables in the gbsence of controlled
patterns of expansion, were estimated for primary and for extensive land

1/

uses and are shown belew |79, p. 19]:

primary urban equation
= -4,5176 8022 d
logo dLlO 51767 + 38 1og. PlO ,
arnd extensive equation

loge dLl 0= ~5.76868 + .791069 lt.'nga dPlO

]
where

d.Llo is lard increase in ten years in hundreds of acres, and
dPlo is population inocrease in ten years,

The density of new persons per additional acre of land which was
estimated by the sum of these equations varies from 3,5 for an annual
county population increase of 300 persons to 11.6 for an increase of
120,000 persons. These equations may be used to predict additional land
required in the absence of any pattern controls., However, the actual
county projections derived by Ruth and Krushkov deviated about this
"median” projection path when pattern varisbles were sanalyzed, With the
inclusion of four pattern variablosgjinto the equations, R2 values of
99.4 for the primary urban category and 97.4 for the extensive category

were achieved,

1/ Primsry urban uses include single and smultiple family residential units,
commercial, industrial, stock yards, docks, and related develoyments.
Extensive urban patterns consist of highwayw, airports, cemeteries,
schools, railroad yards, residential estates, parks, ete,

g/ The authors do not explain precisely what these pattern variables are.
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Extension of Ruth-Krushkov mrojections to 1980, The only variable

in the Ruth-Krushkov prediction equation for which county estimates
could be obtained for 1980 was projected population