ECONOMIC ANALYSIS OF FACTOR
ALL.OCATION BY ZAMBIAN TOBACCO

FARMERS

BY

ERNEST MWAPE.

A Thesis Submitted To The Faculty Of Graduate Studies In

Partial Fulfilment Of The Requirements For The Degree Of
MASTER OF SCIENCE

Department of Agricultural Economics And Farm Management
The University Of Manitoba
Winnipeg, Manitoba

{c) February 1995



' * National Library
of Canada

Acquisitions and

Bibliotheque nationale
du Canada

Direction des acquisitions et

Bibliographic Services Branch  des services bibliographiques

395 Wellington Street
QOttawa, Ontario
K1A ON4 K1A ON4

The author has granted an
irrevocable non-exclusive licence
allowing the National Library of
Canada to reproduce, loan,
distribute or sell copies of
his/her thesis by any means and
in any form or format, making
this thesis available to interested
persons.

The author retains ownership of
the copyright in his/her thesis.
Neither the thesis nor substantial
extracts from it may be printed or
otherwise reproduced without
his/her permission.

395, rue Wellington
Ottawa (Ontario)

Your lite Votre rélérence

Qur file  Nolre rélérence

L’auteur a accordé une licence
irrévocable et non . exclusive
permettant a la Bibliotheque
nationale du Canada de
reproduire, préter, distribuer ou
vendre des copies de sa thése
de quelque maniére et sous
quelque forme que ce soit pour
mettre des exemplaires de cette
these a Ila disposition des
personnes intéressées.

L’auteur conserve la propriété du
droit d’auteur qui protéege sa
thése. Ni la these ni des extraits
substantiels de celle-ci ne
doivent étre imprimés ou
autrement reproduits sans son
autorisation.

ISBN 0-612-13392-3

Canada



Name —

Dissertation Abstracts International is arranged by broad, general subject categories. Please select the one subject which most
nearly describes the content of your dissertation. Enter the corresponding four-digit code in the spaces provided.

(L LobobrEnt

STCTETTEES

0| 20|51

UMI

oL

Subject Categories

S _SUBJECT TERM

Cemnveel

THE HUMANITIES AND SOCIAL SCIENCES

COMMURICATIONS AND THE ARTS
0729

EDUCATION
Genera! ... ..0515
Administrati ..0514
Advult and Con ..0516
Agricultural ... ..0517
At ..0273
Bilingual and Multicultur ..0282
Business ... ...0688
Community College ...... ..0275
wrricufum and Instructi 0727
Early Childhood ........... ..0518
lementary .... ..0524
Finance .....ooo.ccovevineas ..0277
Guidance and Counseling .........0519
“Health ..o ...0680
Higher .., ...0745
History of ...... ...0520
Home Economics .. ...0278
Industrial ..o ...0521
tanguage and Literature ........... 0279
Mathematics ....ocevvennee ...0280
I e ..0522
Philosophy of ...0998
YSICAl oot 0523

Vocational ................. .0747

LAKGUAGE, LITERATURE ARD

LINGUISTICS

Language
%eungeml .............................. 0679
Ancient ... .028%
Linguistics .. .0290

odern ... 0291

Literature
General .....cccoveevierireirnnn, 0401
Classical .... 0294
Comparative .. L0295
Medieval ... .0297
Modern .. L0298
Alrican ... 0316
American L0591
Asion ..o L0305
Canadian {Engfish} 0352
Canadian (French) ... .0355

nglish ............. 0593

Germanic ...... 031
Latin American .. 0312
Middle Eostern .. 0315
Romance 0313

Slavic and East European ... 0314

THE SCIENCES AND ENGINEERING

BIOLOGICAL SCIENCES
Agriculture
General ....coeiiencniene 0473
Agronomy .....ceeernreneen.... 0285
Animal Culture and
NUTHHON .. 0475
Animal Pathology ................ 0476
Food Science and
Technolo%y reernecnerenneennne. D359
Forestry and Wildlife . ..0478
ont Culure ....... ..0479
Plont Pathology ... ..0480
Plant Physiology ... ..0817
Range Management Q777
" Wood Technology ............... 0746
Bic!
&seml .............................. 0306

Anatomy . .0287
Biostafistics .. 0308
Botany ..... ..0309
Cell ...... ..0379

Ecology ... ..0329
Entomcﬁogy.. . 0353
Genetics ... ..038%
Limnology .... 0793
Microbioclogy ..0410
Molecular ©...... ..0307
gguroscience . 83}2
eanogra .
hysioiggy e ..0433
Radiation ............ ..082)
Velerinary Science.. 0778
GOlOGY «ovevevie s 0472
Biophysics
General ..o 0786
Medical ....cooeiiiciiirins 0760
EARTH SCIENCES
Biogeochemistry . 0425
Geochemistry . 0996

GeodEsy ..o 0370
Geclogy ... .0372
Geophysics .. .0373
:?drology .0388
ineralogy ... .04

Poleobotany ... .0345
Palececology ... .0426
Poleontology ... .0418
Paleozoology ... .0985
Palynology .......ec.. .0427
Physicufgeogrcphy .0348.
Physical Oceancography ............ 0415
HEALTH AND ENVIRONMENTAL
SCIENCES
Environmental Sciences ............. 0768
Health Sciences

General .....covuieieneeeene 0566

Audiology ... ....0300

Chemotheropy.

Dentistry ........

Education .............

Hospitol Management ...
Human Development
Immunol

Chbstetrics and Gynecology
Occupational Health an

Theraf)y ........................... 0354
Ophthalmology . 0381
Pathology ......... 0571
Pharmacology 0419
Pharmacy ......... 0572
Physical Therapy ..038
Puﬁlic Health ...... ....0573
Rediology ... ....0574
Recreation .......ccccooceeeiicnnies 0575

PHILOSOPHY, RELIGION AND
THEQLOGY

Philosophy .....c..coocvevienein
Religion

nera
Biblical Studies
Ch

SOCIAL SCIENCES
American Studies .........c.ocooeeven. 0323
Anthropolog

Business Adminisiration

General ..o, 0310

Accounting .. 0272

Banking ....... 0770

Manegement .. 0454

Markeling ....... ..0338
Conadion Stodies .....ooooooeeveveei. 0385
Eccnomics

General ..o 0501

Agriculturdl ......... 05037

Commerce-Business ..0505

Finance .............. ..0508

History .. ..0509

Labor’... ..0510

Theory ..0511
fGo”dore i gggg

raphy ..... .
Gee?cgﬂtology ............................. 0351
History

General ..oooooooviiiin 0578

Speech Pathology ................ 0440

Toxicology ....... ..0383
Home Economics .....c.ocovevecennen. 0386
PHYSICAL SCIENCES
Pt}:re Sciences
Chemistry

General ..o,

Agricultural ..

Analytical ...

Biochemistry

inorganic ..

Nuclear .

Orgonic....

Pharmaceutical .

Physical .......

Polymer ...

Radiation .. .
Mathematics ......oooovoveeieeeeee.
Physics

General oo

ACOUSHES ©ovvviereeieeeniceiie e

Astronomy and

Astrophysics...........c..o......
Atmospheric Science
Atomic 0
Electronics and E|ecir§ci3' ..... 0607
Elementary Porficles an,

High Energy .......coccocoveee 0798

Flvid and Plasma . 0759
Molecular ........ ..0609
Nucleor ... ..0610
Optics ..0752
Radiation ..0756
Salid State L0611
SHaRSHES oveieierrer e 0463

lied Sciences

ﬁgglied Mechanics .oooovirnnnn, 0346
Computer Science .......coooeveneee. 0984

SUBJECT CODE
Ancient ... .0579
Medieval 0581

African ...... L0331
Asiga, Ausfral 0332
Canadian 0334

European ...
Latin Americ
Middle Eastern ..

United States .. 0337
History of Science 0585
berw e 0398
Political Science

General ..o 0615

International law and

Relotions ........ccocvevvvinne. 0616

Public Administrotion ...0617
Recreation ......cccceeunee ...0814
%ia; Work .o 0452

io

CG:;%G% .......... e 82%3

riminology and Penology ...

Demogroopazé( .............. og .)f..4.0938

Ethnic and Raciol Studies .....0631

Individual and Family

Studies .ooveiinieeiieene 0628

Industrial and Labor

Relations ........c.cc.cocvvcvnins 0629
Public and Social Wellare ... 0630

Sacial Structure and
Development ...................

Theory and Methods .. .
Transportation ............c....c....... 0709
Urbon and Regional Planning ....0999
Women's Studies ... 0453
Engineerin

General ..o 0537

Aerospace .. ...0538

Agricuftural . .. 0539

Automotive . ..0540

Biomedical .. ..0541

Chemica ..0542

Al e ..0543

Heat and Thermodynomics ... 0348
Hydraufic ...0545
Industrial . ..0546
Marine ....... 0547
Materials Science ..0794
Mechanical ........ ..0548
Metallurgy .. 0743
Mining .. ..0551
Nuclear ... ..0552
Packaging .. .-0549
Petroleum ................. ..0765
Sanitary and Municipal .......0554
System Science .......... ..0790
Geolechnology ........ ..0428
Operations Research ...0796
Plastics Techaology .. ...0795
Textile Technology ......ococeuienvcn. 0994
PSYCHOLOGY
General ..o 0621
Behavioral . 0384
Clinical ..... 0622
Developmen 0620
Experimental . 0623
Industrial ... 0624
Personali 0625
Physiological 0989
Psychobiclogy 0349
Psychometrics 0632
Socidl ....... 0451



Nom

Dissertation Abstracts Infernational est organisé en catégories de sujets. Veuillez s.v.p. choisir le sujet qui décrit le mieux voire
thése et inscrivez le code numérique approprié dans 'espace réservé ci-dessous.

LLLL] UMI

Catégories par sujets

SUJET

HUMANITES ET SCIENCES SOCIALES

COMMUNICATIONS ET LES .ARTSD

Architecture .

Beaux-orts ...

Bibliothéconomie . (399
Cindma .....ocoevene L0900
Communication verbale .. .0459
Communications ..... 0708
Danse .....cc.o..... .0378

Histoire de 'art .
Journalisme ..
Musique ...
Sciences
Thédtre ..o

EDUCATION
Géngralités ..o 515
Administration ..

Colléges communautaires .
Commerce .......oocovvnennnn. ....0488
Economie domestique ..
Education permanente .
Educalion préscclaire ..
Educalion senitaire ...
Enseignement agricole ...............0517
Enseignement bilingue et

muficulturel ...
Enseignement indusriel
Enseignement primaire. ......
Enseignement professionne!
Enseignement religieux .......
Enseignement secondaire
Enseignement spécial .....
Enseignement supérieur ..
Evaluation
Finances .....
Formation des enseigna
Histoire de |'éducation .
Langues et litérature ...

SCIENCES

SCIENCES BIOLOGIQUES

Agriculture
Générahités ... 0473
Agronomie. ..., 0285
Alimentation et technologie

alimentaire ... 359

Colture ...
Elevage et alimentotion ........0475

Exploitation des péturages ...0777
Pathologie animale ...0
Pathologie végélcle ...
Physiologie vé?étale .
SyKrEcuhwe et faune ....o......
Technologie du bois..............

Biclogie
Généralités ..
Analomie.....
Biologie (Stalisliques) .

Biclogie moléculaire .. L0307
Botanigue .......... . 0309
Cellule ... ..0379
Ecologie .. ..0329
Entomologie . ..0353
Génétique ... 0369
Limnclogie ... 0793
Microbiologie 0410
Neurologie .. L0317
Océanograph 0414
Physiologie .. ..0433
Rediation ............ ..0821
Science véférinaire . ..0778
- %}oo!og'[e..........,....,..........A..0472
tophysigue
png(icfilés ......................... 0784
Medicale ..o 0760
SCIENCES DE LA TERRE
Biogéochimie .........co.ccooeoo.. 0425
Géochimie... ...09%96
Gécdésie ............ ...0370
Géographie physique............... 0368

ET INGENIERI

lecfure .vovvvvveieiveciiiie ... 0535
Mathématiques .
Musique ...
Crientation et consultation .

Philosophie de 'éducation ......... 0998
Physique .....ovov oo 0523
Programmes d’études el

enseignement _..................... 0727
Psycholegie ..... 0525

Sciences sociales .
Sociologie de I'ed
Technologie ...............

LANGUE, {ITTERATURE ET
LINGUISTIQUE
langues
énéralités .............o...........067%
Anciennes ..
Linguistique
M g emgs ...........................
Liérature
Généralités ... . (401
Anciennes L0294
Comparée .. 0295
Mediévole ... 0297
Moderne . .0298
Africaine .... .03ié
Américaine . L0591
Anglaise ... 0593
Asictique ... .0305

Canadienne [Anglaise)
Canadienne (Frangaise)
Germaaique ............
Latino-oméricaine ..
Moyen-orientale .
Romaone ..........

Slave et est-européenne .......0314
Géclogie ... e 0372
Géophysique . .0373
,Izizdrologie .0388
Oinéralogie : . 83} ;

céanographie physique .
?o!éobg?onf{;ue p 7 .0345
Paléoscologie ... .0426
Pajéontologie ... .0418
Paléozoologie 0985
Palynologie ......ccovurvrennnn... 0427
SCIENCES DE LA SANTE ET DE
L’ENVIRONNEMENT
Economie domeslique ................ 0386
Sciences de I'envircnnement ......0768
Sciences de lo sonlé

Geénéralités ..o 0566

Administration des hipitaux .. 07469

Alimentation et nutrition ...... 0570

Audiologie .........................0300

Chimiothérapie

Dentisterie

Deéveloppement humain

Enseignement ............

Immunclogie ...

Loisirs ...

Médecine du travail et

HhErapie ..o 0354

Médecine et chirurgie ..........0564

Obstétrique ef gynécologie ... 0380

Cphtalmelogie ............5......038]

Orthephonie ... ..0460

Pathologie .. 0571

Pharmecie ... ..0572

Phormacologie . 0419

Physiothérapie .0382

Radiolegie ... 0574

Santé mentcle . 0347

Santé publique 0573

Soins mfirmiers
Toxicologie —...vovirierieeenane.

PHILOSOPHIE, RELIGION €T
THEOLOGIE

Philosophie ..o
Religion
enéralités ..o,

er
Etudes bibliques ...
Histoire des religions
Philosophie de fa religion

Théologie ..o oroeorreoerro

SCIENCES SOCIALES

Anthropolegie
Archéologie ..., 0324
Culturelle™... .

Physique . .
Droit e
Economie

Générdlités

Commerce-Affaires

Economie agricole ...

Economie du travail ..

Finances ............... .0508
Histoire ... L0509
Théorie ... L0511

Etudes américaines .
Etudes conadiennes .
Etudes feministes ..

Folklore ... .0358
Géographie .. 10366
Geérontologie ...

Gestion des alfaires

Générolités ... .0310
Administration 0454
Bongues .. .0770
Comptahilité .. 0272
Markeling ............... .0338
Hisloire
Histoire générale ...............0578
SCIENCES PHYSIQUES
Sciences Pures
imie
Genérolités ...
Biochimie ........

Chimie agricole ..
Chimie onalyligue .
Chimie mingrale .
Chimie nucléaire ...
Chimie organique ...
Chimie phormaoceutig
Physique ...
PelymCres ..
Radiation ...
Mathématiques ...
Physique
Genéralifés .....c.cocorcnnnnn.
Acoustique ...
Astronomie et
astrophysique ...
Elecironique et éleciricité .....
Fluides et plasma ...

Météorologie . .- 0608
Optlique e 0752
Porticules (Physique

nucléaire) ..................0798

Physique atomique ...
Physique de ['état solide
Physique meléculaire .

Physique nucléaire .. ..0610
Radiation ..... .. 0756
SIatishiqUes ........couerirreeincns 0463
Sciences Appliqués Et
Technologie
Informalique ..o 0984
Ingénierie
Genéralités ...o...ccooveee.... 0537
Agricole ... ...053%
Avtomabile ........c....c.c........ 0540

CODE DE SUJET

ANCIBNNE ..o
tedigvole .
Moderne ..........
Histoire des noirs ..
Atricaine ...
Caonadienne ..
Etals-Unis ..
Européenne ..
Moyen-orientole ...
Latino-américaine ...
Asie, Australie et Océani
Histoire des sciences..........
LOISIrs cvvvviericre e
Pianification urbaine et
régionale ...
Science politique
Généralites ...................0615
Administration publique .......0617
Droit et relations

infernationales ................ 0616
Sociclogie
Généralités ... ....0626

Adde el bien-dtre sociol ........ 0630
Criminologie ef

élablissements

énitenliﬁires ................... 0627

Démographie ...
Etudesgdeﬁ’ individu et

delafamille ... 0628
Etudes des relations

interethniques ef

des relations racicles ........0631
Structure et développement
social oo 0700
Théorie ef méthodes. ............ 0344
Travail et relations
industrielles ................... 0629
Transports ........ 0709

0452

Travail social

Biomédicale ..o
Chaleur et ther
modynamique .................
Condilionnement
{Emballage) ...
Geénie agrospatial ..
Génie chimique ..
Génie civil ..o
Génie électronique et
éleclrigue ...,
Génie industriel ..
Génie méconique ..
Génie nucléaire ........
Ingénierie des systimes .
Mécanique navale ...
Métallurgie ..............
Science des motériaux ..
Technigue du péirole
Technique miniére ...
Technigges sanitaires
municipales......................
Technologie hydraulique ......0545
Mécanique appliquée
Géotechnologie ........c.cococone
Maliéres plastiques

{Technologie) .................. 0795
Recherche opérationnelle ........... 0796
Texlies et fissus (Technologie) ....0794
PSYCHOLOGIE
Généralités ...

Personnalilé
Psychobiclogie ...
Psychelogie clinique
Psychologie du comportement .. (384
Psychologie du développement ..0620
Psychologie expérimentale .........0623
Psychologie industrielle .......
Psychologie physiologique ..
Psychologie sociale ......
Psychomélrie .........ccoo.cccnnnn... 0632




ECONOMIC ANALYSIS OF FACTOR ALLOCATION

BY ZAMBTAN TOBACGCC FARMERS

BY

ERNEST MWAPE

A Thesis submitted to the Faculty of Graduate Studies of the University of Manitoba in partial
fulfillment of the requirements for the degree of

MASTER OF SCIENCE

© 1994

Permission has been granted to the LIBRARY OF THE UNIVERSITY OF MANITOBA to lend or
sell copies of this thesis, to the NATIONAL LIBRARY OF CANADA to microfilm this thesis and
to lend or sell copies of the film, and UNIVERSITY MICROFILMS to publish an abstract of this
thesis.

The author reserves other publications rights, and neither the thesis nor extensive extracts from it

may be printed or otherwise reproduced without the author’s permission.



DEDICATION
To all those who have tried, and keep on trying, in our family;

especially Derrick, Fatima and Roosevelt.



ABSTRACT

The purpose of this study is to construct and estimate a model
of production behaviour for tobacco farmers in Zambia. Tobacco is
a major export crop for Zambia. The final data set consisted of
annual production and price data for fifty farmers over three
seasons (1990/91 to 1992/93). Production behaviour is modeled in
terms of a Translog dual cost function and an output supply
response equation derived from the first order conditions for
profit maximization.

Econometric results suggests that there are dis-economies of
scale of in tobacco production. In addition estimated results
suggest that marginal costs of production are increasing over the
time period (as indicated by a negative coefficient for time trend
in the output supply equation). Reciprocity conditions for cost
minimization were not rejected. The elasticity of tobacco output
supply response was estimated as +2.6. The high elasticity may be
explained by a preponderance of commercial farms in the data set
and by the seriousness of foreign exchange constraints to farmers

over the period of study.
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CHAPTER ONE

INTRODUCTION

This research is an economic analysis of allocation of scarce
resources by the Zambian tobacco farmers. Zambia has been
undergoing tremendous changes in its economic orientation - from
socialist market economy to the capitalist market economy. Because
the price controls were being done away with devaluation and high
levels of inflation set in the economy. Credit to the farmers has
become expensive. Since it takes at least six to eight months for
farmers cultivating crops to realize some revenue, and the fact
that they usually depend on weather, there is a greater risk in

lending money to farmers.

1.1 PROBLEM STATEMENT

~Foreign exchange shortages have been forcing people to engage
in economic activities they would rather not engage in. Tobacco,
being the second leading export crop, provides the much needed
foreign exchange. Since all entrepreneurs are in business to
maximize their welfare (profit) some farmers have been growing
tobacco rather than food crops because tobacco has a relatively
high profit margin. The limited resources at the disposal of
farmers are diverted to tobacco production. This is the issue that
is analysed in this research effort - whether tobacco farmers

rationally allocate their resources.



1.2 OBJECTIVES

The main objective of this research is to apply a model that
will closely describe tobacco farmers’ behaviour. In determining
whether these farmers are efficient resource allocators,
comparative statics will be applied to analyse the impact of the
variable costs, output prices, and factor prices on the tobacco
farmers’ behaviour. In so doing, I hope to come with some policy
suggestions of allocating factors of production between the various
competing end uses. The output will be important for the government
policy makers who have to gauge priorities.

The output of this research will be in form of information on
parameters such as elasticities and rates of change, which the
government can use in its policy formulation. There is need to know
the direction and magnitude of the tobacco farmers’ responses to
changes in factor prices or output prices or generally effects on
output by changes in operating costs. The government should be
concerned because tobacco has been the second largest (if not the
first) foreign exchange earning crop for farmers. Policy
implications of the results are to be seen in terms of the
government devising and revising income stabilisation programmes to
improve the welfare of the farmers. The government can make farmers
switch from tobacco to some other agricultural activity deemed
important and probably more or equally profitable by offering more
information and incentives since the data on the magnitudes and
directions of change needed will be available.

Although, it is difficult to make long-term investment plans



involving larger amounts of capital or infrastructure movements
under the current economic conditions in Zambia, at least the
information should be there for use by tobacco farmers and those

contemplating going into farming as such.

1.3 HYPOTHESES

The general hypothesis to be tested 1is whether tobacco
farmers’ behaviour is consistent with cost minimization theory.
Specific hypotheses such as whether factor prices have any effect
on the behaviour of farmers, whether tobacco price has any
significant effect on tobacco cutput and cost will be tested.

Despite its importance to the farmers and the Zambian economy
as a whole, tobacco has not received as much attention as other
crops. Most of the initiatives come from tobacco farmers
themselves. Whether it be marketing or provision of extension
services or credit, tobacco farmers have not been affected much by

government policy.

1.4 DATA

Primary data, collected from the farmers for the 1990/91-
1992/93 crop seasons, was used in running the model. Data was
collected on the following variables:
-Unit price and amounts produced of Tobacco,
-Unit price and quantity of Fertilizer,
-Unit price and quantity of Seed,

-Wage rate and number of workers,



-Unit price and quantity of Chemicals,
-Number of hectares and rental fees per hectare for tractor
services, and
-Size of the farm.
Also some secondary (Time-series) data on the prices and
quantities produced of maize and tobacco was collected. All this

data is located at Appendix B.

1.5 METHODOLOGY/PROCEDURE

Analytical Procedure follows from Duality theory. The adopted
mathematical form for the model is the transcendental logarithmic
cost function suggested by Laurits Christensen. I opted to derive
the factor share equations, which were used for estimating the
elasticities of demand (or substitution), rates of technological
change, etc by use of the Seemingly Unrelated Regression (SUR)
method. SUR is equivalent to the maximum likelihood estimates,
which yields more efficient estimates than OLS in cases involving

simultaneous equations.

1.6 ORGANISATION OF THE THESIS

Major components of this thesis in terms of organisation are
Chapter 1 which is serves as the introduction (and finishes with
this paragraph); Chapter 2 carries the theory and model; chapter 3
is devoted to description of the data set and estimation procedure;
Chapter 4 discusses the results of the estimated model while

Chapter 5 is the conclusion/summary.



Chapter Six: Appendix A is where I have put the historical
background of the tobacco industry of Zambia. Appendix B contains
the results of most of the tests performed on the model to check
whether it confirms with the economic theory. Appendix C contains
the cross-section data that was collected from the farmers. There

is also some secondary time-series data as well.



CHAPTER TWO

THEORY AND MODEL

2.1 THE THEORY
A production function can be defined as follows:

Y=f(L, K, F, H W, ).
Y is the amount of output produced, L is the number of workers, K
is the amount of capital, F is the amount of fertilizers, H is the
number of hectares, and W is the weather variable. In a more
specific mathematical form, U is included as the error term to
encompass all other variables not explicitly expressed in the
model .

The production function is a purely technical relationship
without economic content. It is required of a proper production
function that for every combination of inputs there correspond a
unique level of output. Since the entrepreneur will want to
maximize output, we presume that the production function yields the
maximum output for an input vector (Chambers, 1988).

The properties of the production function f(x), where x is a

vector of input variables, are:

1. If X' 2 X, then f(x) 2 fix), a property referred to as
monotonicity;

2. f(x) is guasi-convex;

3. f(x) is finite, non-negative, single, and real-valued for all

non-negative, finite x; and



4, f(x) is a twice continuously differentiable function. All
marginal productivities are positive. The input requirement
set 1is convex i.e. law of diminishing marginal rate of
technical substitution is satisfied.

In carrying out the analysis we make use of the measures of
single input variation such as the average product and marginal

I (x) and MP, = Q%EEEL

Xy i

. A unit-

product given respectively by AP; =

free measure of the marginal productivity is the elasticity of

x.
output with respect to x;, whose formula is €; =-§€£££Ltgf. (Note
i

that x; is an input in the input vector X).

Elasticity of substitution between inputs x; and X; is given

o = The elasticity of substitution o, is
9T BE T x5 % ! ’

by o

interpreted as a measure of the curvature of the isoquant in the
input space (Chambers, 1988). It is a symmetry measure of
substitutability between two inputs.

We are interested in these comparative statics of a production
function, and if we can derive them in another way with fewer
econometric problems the better. An alternative to using the
production function, for deriving the elasticities and factor
demands, is the use of the dual cost function. The static cost
minimization model imply long-run equilibrium, though not

necessarily, and therefore extreme restrictions come into play.

7



The standard assumptions underlying this model are that:

(a) The economic agents (farmers) behave rationally,

(b) There is free entry and exit from the industry (tobacco sub-
sector). There are no restrictions on any farmer to engage in
or abandon production of tobacco.

(c) All the firms (farmers) are price-takers i.e. no farmer can be
big enough to be a monopolist in the commodity market, or big
enough to be a monopsonist in the input market.

(d) The dynamic process is assumed away because it requires
modelling expectations and adjustment costs, which complicates
our model.

The advantages of using the dual cost function are given
below, but first here is the notation that will be used in the cost
function: €' is the minimum cost of producing a unit of tobacco, W
the vector of factor prices, Y the output and X' the vector of
chosen input variables. The input variables X; depend explicitly on
exogenous variables W (factor prices) and the pre-determined output
level (Y), and implicitly on the nature of technology. There is
also a quasi-fixed input in the model - the amount of land put to
tobacco. The properties of the dual cost function depend on
production function.

The advantages of using the dual cost function are as follows:
1. There is greater flexibility in specification of input demand

functions X(w,vy)

2. Hypothesis of cost minimization is readily tested in the

framework of input demand equations (functions)



3. Omitted variables from econometric model do not affect factor
prices to the same extent they affect production decisions. In
the production function if the covariance between the error term
e and explanatory variables X; is not equal to zero e.g. e may
include managerial ability which influences the choice of X,

then the simplest model estimators (OLS, SUR) are inconsistent.

On the other hand, within the dual approach, there is less
likely to be a violation of the basic econometric assumption that
the covariance between the error term and the factor price equals
zero. In the cost function only one variable (output y) may covary
with the disturbance e; whereas in the primal approach all
explanatory variables X covary with e. However factor prices may be
highly collinear in cross-sectional data.

The short-run cost function C(w,K,y) is defined at the
industry level. It is assumed that the hypothesis of static
competitive profit maximization and identical prices over firms
holds. Thus, if rental prices and output prices are identical
across firms, then the cost function C(w,K,y) for individual firms
satisfy the conditions for consistent linear aggregation over
static competitive profit maximizing combinations of K, y (Coyle,
1990).

Given an output level, we can explain input decisions made by
the farmers in static terms. The objective function of the producer
formally stated as a static cost minimization problem, is of the

following form (long run):



Minimize WX = C(w, y)
s.t. f(X) =Y
where X is the vector of input wvariables defined by least-cost
combination on the expansion path; W is the vector of input prices;
Y is the fixed level of output, and C is the total cost of

production. The short-run cost minimization problem is

Minimize WX = C(w, y, k)

s.t. f(x, kY =y

k stands for the input which is fixed in the short-run.

There is no specification of how output is determined by the
farmers in this case. The cost function, denoted by C(w,y), depends
on the technology since the only constraint to the minimization
problem is that X be capable of producing at least output y. If the
production function satisfies properties of monotonicity, weak
essentiality; and f(x) is finite, non-negative, real-valued for
non-negative, finite x; then the cost function will satisfy the
properties of an econometrically meaningful production function.

The properties of the cost function, briefly stated are (i) it
is linear homogeneous of degree one in w, implying that the derived
factor demands are homogenous of degree zero in input prices (the
partial derivatives of the cost function). All derived demand
responses to the input prices can be computed directly from the
Hessian matrix of the cost function. (ii) it is non-decreasing in

W, y. (iii) it is concave and twice-differentiable in w.
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From the properties of the cost function, the following are

suppesed to hold:

1. Shepherd’s lemma -QE%;QJCL = X;. It follows that
W;
0x; (w,¥) _ cC(w,y)
dw; dw; 0w,
2. By Buler’s theorem and linear homogeneity of the cost function

T O0x; (w, y)

in w, it has been proven that w; = 0.
F Z:: ow; 7
3. Reciprocity (or symmetry condition) imply
d0x; (w,y) _ 0x;(w,y)
dw; ow;
4, The unit-free measure of the derived price elasticity of
W, ox; (w,
demand is given by the formula o, = ;9% y)'
x (w, y) ow;

Note that 2:01j= 0 and own price elasticity of demand 0;; <0.

The derived demand elasticities are not symmetric, but

0% (w,y) _ @Eclw,y) . PClwy) _ 3[3C(w, y) /Oyl 4o O%i (W, ¥)
Ay dw; 0y 0y odw,; dw; ' dy

is negative, the i th input is said to be inferior or regressive,
but when this term is positive the i th input is normal.

Although the cost function is derived from theory of an
individual firm, its application is usually done at industry level.
The cost function is embedded within a broader behavioral model.
For example, it can be derived from competitive profit maximization
which implies that cost minimization with first order condition

ac(w, y)

3y =P (P is the output price, which is equal to the

marginal cost). This implicitly defines the optimal level of y =

11



y(w,p) as long as f(x) does not show constant returns to scale.
Actually, solving the static profit maximization problem will give
us the output supply function, which is simultaneously estimated
with the input demand functions. (See under the subheading "Output
Supply Equation" in this chapter).

As mentioned above we are interested in estimating factor
preductivity, economies of scale, elasticities of factor
substitution, price elasticities of factor demand and impact of
technological change for policy purposes. The economies of scale,
the ratio between marginal cost (MC) and average cost (AC), is

0C(w,y)/0Y _ dlogcC
c/Y dlogY’

given by & = dC/dY is the marginal cost and

C/Y is the average cost. When the average cost is equal to the
marginal cost (e = 1), then technology is said to exhibit constant

returns to scale.

2.2 THE MODEL

The model employed in this research effort is the
transcendental logarithmic cost function, otherwise referred to as
the translog cost function. It is a flexible function in that it
allows for simultaneous estimation of the elasticities of factor
substitution, scale economies and technical change. No lagged
variables or expectations are modelled in order to avoid
complications that come along with the dynamic models. The
mathematical form of the model adopted here is that proposed by

Christensen, but with a few modifications, is as follows:
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m
logC, = a, + a,log¥ + ¥ a;logW; + a, T + a,logH
7
1 1 1w v 1 _
+ EBECTZ + —Z—Fiw(logY)2 + EZZ BijlogW,logW; + -é-ﬁhh(logH)‘
i 7
mn m
+ Y a,logylogw; + a, TlogY + a,,log¥logH + ¥ b, TlogW,
7 7

m
+ b, TlogH + E cp; logHlogW, + U,
i

The variable Y is defined as the total output of tobacco, W, is the
i th factor price, T represents the season (time trend), C is the
total cost of producing tobacco, H stands for the quasi-fixed input
(land that is devoted to tobacco production), and U, is the

stochastic term. The a, in the short run acts as a proxy for fixed

costs. From this specification we are able to derive and estimate
the factor share equations, and hence the comparative statics which
help describe the decisions made by the farmers.

The factor share equations Si are derived by applying the

standard Shephard’s lemma in expenditure function as being equal to

W. X.
dlogc _ W, 0C _ WX _ .. That is,

dlogw; C oW C

m
S; =@y + Y By;logW; + a,;109Y + by, T + ¢,;10gH.
J

Every factor employed in production contributes to the cost of
production, and that share in total (variable) cost is §;.

S; is the proportion of the total cost spent on i th input to
produce a unit of output. The change in S, over time can be

estimated by (Greene, 1983):
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7

31

dt dlogY dt ogw; dt dt
. , 2
where 95, = aialogCYBIOgMQ]I which is the same as ¢°logC
dlogyY dlogyY dlogw,;dlogY
de : . dlogC
°F Flogw,’ °M° ® T Flogy

ds; . . . . .
The first term in dfl is zero if the production function is

homothetic i.e. if € is independent of factor prices, W. The
presence of this term is attributed to non-homotheticity of the
production function. It indicates the bias of technical change;
thus we can say that technology is factor i-using if this term is
positive or i-saving if this term is negative.

dlogC

dlog ¥ is going to be as

The economies of scale given by e =
m

follows e =a, + B, logy + Y a,logh; + a, T + a,logH
1

An efficient scale at which average cost reaches its minimum
occurs at a point where MC = AC (i.e. e =1). Rearranging the
above equation (assuming that farmers operate at an efficient

scale) we have the following result:

m
1 - (e, + Zayirlogwi +a, T+ a,,logH)
1
Byy

Following directly from this is the proportional growth rate of the

logy* =

alOgY' = - ayt

a constant. This result
at B, '

efficient scale given by
¥y

14



of a constant growth rate in efficiency seem too restrictive,
however, since technical change may be different in different time
periods.

The mathematical form of the model specified above will
involve a lot of parameters when estimating. Before estimating the
model, we test whether the symmetry and homogeneity conditions are
satisfied. The equivalent null hypotheses are of the following
form:

- 1. Symmetry of second order terms implies testing whether Bij==ﬁji

2. Linear homogeneity in the factor prices requires us to test
m
o; =1 Y a, =0
Fi
. =0

m

Qs > Chs =0
i
m

Zﬁij=0 Zﬁji=0
1 el

Binswanger (1974) writes, "Homogeneity of degree one in prices does

not impose homogeneity of degree one of the production function in
inputs. Almost no constraints are imposed on elasticities of
substitution or of factor demand, which makes the function more
general than other functional forms currently in use".

SUR method requires that we drop one share equation from the
set of equations to be estimated. It does not matter which equation
is dropped because there is no difference in estimates arrived at
(in the absence of auto-correlation). For this reason SUR method is
equivalent to maximum likelihood method which gives efficient

estimates.
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The disturbance terms u; are correlated across equations; and

given the above properties, SUR’s estimates are asymptotically

efficient.
E(u;) =0
E(u;, Use) = 045, for t=s
E(uj. uy.) =0, for t#s

Alternatively, we can impose homogeneity by normalising the
factor prices in the factor share equations using one of the factor
prices; and Greene (1983) argues that "since the factor shares must
sum up to one at every observation, one (equation) is redundant and
will be dropped out. In order to ensure that the estimates are
invariant to which equation is omitted, a maximum likelihood
procedure will be employed. Estimates of the parameters of the
omitted equation are obtained by using the linear homogeneity
restriction".

The factor share equations, with normalized factor prices, are

going to be of the following form:

I

m
W,
S;=a;+ Y By 1og—p}i +a,;logY + b, T + c,;1ogH + vy
7

for i =1, 2, ..... , m-1.

V; is the stochastic term in the transformed (or normalized)
factor share equations. There are a lot of possible stochastic
specifications that can be made, but for simplicity sake we assume

that E(v) =0 and E (v v;) =0

The coefficients for the omitted share equation are derived by

16



use of the homogeneity property S, =1 - z:sg. The coefficients are

residuals from the SUR estimates.

2.2.1 Output Supply Equation

The output supply equation, derived from the static profit
maximization condition, is to be estimated together with the factor
share equations derived from the static cost minimization problem.
The output supply equation captures the effect of the changes in
input price on output. The cost minimization theory assumes that
output is fixed from the producer’s point of view, and therefore
does not tell us much about effects of price changes on output. To
check on the effects of the input price changes on output we make
use of the profit function instead of the cost function to derive
the output supply equation. The profit function is a mathematical
representation of the solution to an economic agent’s optimization
problem. The following specification of the profit function imply

existence of a cost function

O(p, w) = Ma; {py - c(w, )}

O(p, w, H) = 33 P(x H) - ¥ wix!

We can separate the profit maximization problem into two stages
according to Chambers (1988); "The first stage, which may be
intuitively thought of as short-run, involves maximizing profit for

a given output. The second stage (the long-run) is then to choose
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output to maximize long-run profit. When output is fixed, revenue
is also fixed, and profits are maximized by minimizing costs." Then
there is the relationship between cost minimization and profit
maximization. In fact, the cost function appears on the right hand
side of the profit function.
The properties of the dual profit function (Chambers, 1988)
are as follows:
(1) O(p w) =0
(ii) 4if P* > P?, then I(p*, w) 2 N(p?, w) i.e. the profit function
is non-decreasing in P
(iii) if w' > w? then I(p, w') < (p, w?) i.e. profit function is
non-increasing in W
(iv) I(p, w) is convex and continuous in (p, w)
(vy T(¢tp, tw) = tl(p W) , t »Q (profit function is positive,
linear homogeneous function of degree one)
(iv) if the profit function is differentiable in P and W, then by
Hotelling’s Lemma the unique profit maximizing supply and
derived-demand functions are given respectively by

_oll(p, w) Vi

and x;(p, w) = £ '
i

_ oI (p, w)
yi{p, w) —ap

Y(p,w) and X;(p,w)} are the respective profit maximizing quantities.
Since we are going to use the demand functions already derived
under cost minimization problem above, here we are only concerned
with deriving y(p,w). The properties of the output supply function
y(p,w) from the profit function are as follows:

(1) y(p,w) is homogeneous of degree zero in P and W. Only relative
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price changes affect output supply.

(ii) The direct consequence of convexity of II(p, w) is that

Oy lp, w) > 0 . Therefore the Hessian matrix is positive semi-

ap
definite.
9x; (p, , s
(iii) 0y (b, w) _ _ *; (D, W) is the reciprocity condition
dw; dp

attributable to the twice-continuous differentiability of the

profit function.
Twice-differentiability of 1(w, p, H) and Hotelling’s lemma

establish the following reciprocity condition in the restricted

profit maximization model:

. oy (w,p,H) _ 8 (3= (w,p, H)

(1) T ap( )

. 0X;(w,p,H) _ 9 (9n (w, p, H)

(12} il Tl R A
i=1,....N.

The advantages of specifying a restricted profit function:

(i) I(w, p, H) is consistent with the short-run equilibrium,

(ii) It is more realistic to assume that firms are in short-run
rather than long-run equilibrium,

(iii)Long-run equilibrium effects can be inferred (correctly) from
the estimates of II( w, p, H) using the first order condition for

the long-run equilibrium level of H-stock as
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aﬂ;(WB%:H**) = WY, which is the rental price of the fixed

input.

Together with other properties of the derived demand function
not mentioned here, these properties are "exhaustive"; meaning that
"they represent a set of conditions on smoothly differentiable
supply and derived demand functions that ensure these functions can
be integrated to recapture the technology, as represented by
c(w,y), that generated them" (Chambers, 1988).

The first order conditions for profit maximization imply

P - ac(‘g;V’H) = 0. Multiplying both sides by vy/c, we have
Y - 8c.y : : -
P-E —-E;-E which essentially becomes the ratio between total

revenue and total variable cost. Simplifying further yield

py _ 9logc, =
S, = = =, Byylogy * E a,;logw; + a,, T+ a,logH + u;
1

Y c dlogy
in logarithmic form. This equation will be estimated simultaneously
with the factor share equations derived from the static cost

minimization problem.
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CHAPTER THREE

DATA SET AND PROCEDURE

3.1 Data set

Over hundred farmers responded to the questionnaire, through
the mail or directly interviewed by the author. 1Initially I
required data for six-year period, but because of the problems I
encountered when administering the first few questionnaires, I
revised the time period and the amount of information I could ask
for in the three months I had. Instead, information for the last
three seasons (1990/91 to 1992/93) was gathered, and less
information on maize (the competing food crop) was gathered than I
had planned. A number of explanations could have been made using
data on maize regarding allocation of factors between maize and
tobacco by farmers. I found that only 50 of about 120
questionnaires had substantial information that could be used
because there were a lot of missing data-points. By the time the
model was to be run, only thirty-six observations out of the
possible seventy-eighty observations were used because observations
with missing data points were removed (Econometric program, Shazam
version 6.2, does not differentiate between zero and unobserved
data points). The kind of data I ended up using was a combination
of information from farmers who had been growing tobacco for a long
time and others who have only grown it for two years or just one
year and probably stopped.

The pooled time-series/cross-sectional data was collected on
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the following variables:

1. Tobacco seed: prices and quantities used

2. Maize: hectarage and quantity produced

3. Fertilizer: prices and quantities

4. Labour: number of workers and wage rates

5. Tractor Hire: rates and number of hectares

6. Other inputs: unit prices and quantities used

7. Chemicals: prices and amounts used

8. Tobacco: quantity produced and unit price

9. The size of the farm. Land devoted to tobacco only was used as
a quasi-fixed input in the model.

The data was collected from farmers in three major producing
areas - Central, EBEastern and Southern provinces. Problems which
arose during data collection were,

1. Most of the farmers do not keep records for a long time.
Therefore meaningful data was only available for three years at
most, but mostly for two years. Even then, there were a lot of
missing data

2. There were differences in the format in which the farmers keep
their data and the way I would have liked them to report.

3. Slight misunderstanding of the operational definitions of some
of the variables I was interested in.

For each of the variables on which data was collected, the
following should be noted about their unit price and the amounts
used. There is high variation in the price of all the inputs mostly

because of the high inflation that Zambia has been experiencing.
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The official rate of inflation in Zambia was around 160 per cent
for most of the 1992/93 season.
3.1.1 Seed

The high fluctuations in the price of seed that was recorded
is partially a result of the difference arising from the high cost
paid for seedlings by farmers who do not prepare their own. The
farmers who do not prepare their own seedlings spend less on
chemicals since they do not use any chemicals on seedlings. For
those who raise their own seedlings, subsequent chemical expenses
follow when the crop is transplanted. In order to calculate the
unit price of tobacco seed paid by farmers who do not prepare their
own seedlings, the following crude conversions are used:

(1) 2 grammes of seed are used per standard seedbed, and
(ii) 6 grammes of seed can cover 1 hectare. This means that 3
standard seed-beds can cover 1 hectare).

For uniformity the prices paid for each seedbed are converted
to the standard units used for all seed - price per gramme. The
contract farmers pay a lot more on the inputs provided by the
companies administering the credit/loan packages. For contract
farmers, after the crop is harvested, it is taken by the agents for
sale. The input and administrative costs are deducted from the
revenue before handing the remainder to the farmers. Small farmers
pay more for seedlings because of their ignorance about input
prices. Relatively large, independent farmers pay substantially

little for their seed.
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3.1.2 Chemicals

A lot of different chemicals, measured in different units, are
used in tobacco production. Choice of chemical used in research was
one used in large quantities; and those with the same units and end
uses. Expenditure on chemicals was not representative of what the
average farmer spends on chemicals. Aside from under-reporting on
amounts of chemicals used, there was high variation in the unit
price. The reasons for this are inflation and the distance from the
official agricultural distributing centres.
3.1.3 Machinerxy/Tractor Hire

It was not possible to go around asking each farmer how much
they spent on vehicles, fuel and maintenance given the short time
in which data was toc be collected. The rough estimate of this would
have been depreciation of the farm machinery, which is about 10 per
cent of all capital investment according to the Tobacco Association
of Zambia (TAZ). Since the total amount invested in machinery
was/is difficult to come by, I decided to work with the amount a
farmer would spend if he hired a tractor to prepare his land. The
fee will include payments for the fuel, oil, etc. The official fees
were provided by the Mechanical Services Division (MSD) and the
Department of Agriculture. But since these services are mostly
provided by farmers with machinery and time to spare the fees
differ from farmer to farmer and region to region. The large
farmers had little knowledge about the cost of hiring tractors
because they did not participate in this business.

Land preparation involves four stages: ridging, discing,
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ploughing and stamping by tractor. A farmer is likely to spend the
same amount on each of these stages. On the "virgin" or new land,
farmers spend a lot on tractor services, but less on chemicals and
fertilizers. If it is old land then the farmer just spends on
ploughing, but a lot more on chemicals and fertilizers. The
difference in preparation costs can be very big depending on state
of the land. However, a lot of tobacco farmers are of modest means,
they own most of the major equipment they use on the farm.
3.1.4 Fertilizer

The standard packaging for fertilizers in Zambia is 50 kg/bag
whether it is Ammonia, compound A, B, C, D, or X. Farmers pay
different prices for the different types of fertilizers, from top
dressing (Urea, ammonium nitrate) compared to bottom dressing (D,
C, X) fertilizer. The difference in price is insignificant. In
order to avoid the problem of introducing too many variables in the
model to accommodate the different types of "fertilizer" only one
price was recorded. It is not unusual to have at least two
increases in input price in a season because of the high inflation.
The input prices reported depend on when the farmer actually
purchased his inputs. A month’s difference in purchasing time might
translate into big differences in prices paid for inputs.
3.1.5 Labourx

A lot of labour is required for tobacco production because it
is a labour-intensive crop. Right from the time seed-beds are
prepared to the time of harvesting a lot of labour should be

around. At harvest time a lot more labour is required to pick up
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and cure tobacco leaves. Tobacco curing is almost a 24-hour job.
For this reason tobacco hectarage tend to be small.

The wage rate for farm-labour has also been changing more
often in these inflationary times. On average, wages would go up at
least two times in a season. Since the devaluation and inflationary
pressures set in on the Zambian Kwacha, the wage rate goes up by
about 50 % every time new wages are announced.

The differences in wages occur, depending on the size of the
farm and competition for labour where there are a lot of farmers
needing labour. Bigger farmers pay government-approved higher
wages, while the smaller family-based and contracted farmers (who
usually hire labour during critical moments), tend to pay lower
wages for the same work. In the agricultural sector wages are
generally low, and most farmers can not revise the wages regularly
to keep up with the rate of inflation.

In this research, no difference has been made between hired
labour and operator labour. Hired and operator (or family) labour
react differently to changes in prices. Whilst hired labour
receives some fixed wage, operator labour participates in general
revenue or profits. Hired labour is more responsive to price
changes than operator labour.

3.1.6 Tobacco Price

It should be noted that the selling price of tobacco varies a
lot, but for different reasons however. First the prices differ
because there are a lot of different grades of tobacco. Grading of

tobacco is very subjective. For Zambian farmers, the prices offered
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are about 10% lower than those offered in neighbouring countries of
Zimbabwe and Malawi. The Zambian crop is too small and therefore
does not attract a lot of foreign buyers. As such there is
literally no competition among the buyers at the auction floors.
The other major input not discussed is firewood. It is a very
important input when finally curing tobacco leaf, but there is
literally no price on it. It is left at the discretion of the
farmer to decide how much of it he can gather. Also, data on
buildings (shades, barns, etc) was not collected because it would
have required a lot more time for farmers to give reliable
information. Figures on fixed assets would have required adjusting

for inflation.

3.2 ESTIMATION PROCEDURE

Factor efficiency and substitution could be estimated from the
cost function directly, but the estimates are less efficient than
those obtained by Shepherd’s lemma. Therefore factor share
equations will be estimated using the Zellner’s Seemingly Unrelated
Regression (SUR) method. The fertilizer share equation will be
dropped from the set of equations to be estimated since only n-1
equations are linearly independent. This method is equivalent to
the maximum likelihood method since the estimates are invariant to
which equation is dropped, as long as SUR is iterative and there is
no auto-correlation in the model.

Strategy of normalizing factor prices in factor demand share

equations and output supply equation led to lower R? in regression
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results for the individual share equations. Therefore estimation of
the model was done using un-normalized factor prices. Before going
ahead with the actual estimation of the model the following tests
were performed:
{1l) Test for symmetry condition, whose null hypothesis is:

Bij = ﬂji

a;, = a,;
The second part of this null hypothesis actually also tests whether
the output-supply share equation belongs in the model. However, the
most reliable or complete test for checking this aspect would be to

perform the Hausman specification test.

(2) Test for homogeneity condition,

Symmetry and homogeneity restrictions were tested. Homogeneity
condition was rejected (See detailed results in Appendix B). I
therefore imposed only the symmetry restrictions on the system of
equations to be estimated. Since the homogeneity condition did not
hold with this data it means that the equi-proportional changes in
all factor prices W lead to change in relative factor prices, and
hence changes the cost minimizing level of inputs X in the
objective function of the farmer. It also follows that the
technology does not have constant returns to scale as we would have
liked it to be.

Put another way, rejection of homogeneity implies that cost

minimizing solution X* does not depend on the relative factor
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prices. However since symmetry holds, it means that the system of

Xi integrate up to the cost function C(w,y) (Frobenius theorem).

Ox.{w,
Xi(w’y) +ZWJX—16(:;I.:Z)—

ac{w, y)
ow;

]

If homogeneity condition had held then by Euler'’s theorem

an(W:_V) _
2: awi Wi = 0

The variable cost function is non-linear in Y.

Other hypotheses are indirectly tested in the dual approach
e.g. the hypothesis that farmers are cost minimizers was indirectly
tested using the symmetry and homogeneity conditions, since this is
one of the conditions that the cost function should meet in this
theory. Once these properties of the cost function hold it is
deduced that the function makes economic sense, and that the data
could have been generated from the farmers with technology which
makes it possible to be profit maximizers (or cost minimizers).

The other condition the cost function has to meet is that the
second order derivatives with respect to (factor) price should be
negative semi-definite. It has been shown (Chambers, 1988) that the
second-order derivatives of the translog cost function with respect

to price can be manipulated to yvield the following

2B..
C,., = FC o B (1-logw;) for the diagonal elements. It is

WW
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9 C

dw,0w;

required that be negative semi-definite in the case of the

cost minimizing firm. All the diagonal elements of this Hessian
matrix are negative, but cost function rneed not be globally
concave. In Appendix B, I have only shown that the diagonal
elements are all negative because this is important for
establishing the negative semi-definite property , and therefore
that farmers are cost minimizers as the theory says.

The other individual hypotheses of whether prices, output or
time had any effect on individual factors are revealed by checking
the significance of the corresponding cocefficients in Table 4.1.

The OLS method is not efficient for estimating the
simultaneous equations in our model despite the fact that all
equations contain the same explanatory variables on the right-hand
side. The complete set of (econometric) system of equations that

was estimated is as follows:

W, X, >
A =8 =gt 21 Bi;logW; + a,;logY + by T + ¢p;logH + uy,
l:
i=1,2,3,5.
py >
% =S5 =a,+p,logy + 21 ay;logW; + a,, T + a,,logH + u,
3=
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CHAPTER FOUR

ESTIMATION AND RESULTS

Since the symmetry condition was not rejected, it was imposed
on the equations that were being estimated. The results were not
very different from those where both symmetry and homogeneity
conditions were imposed. The resulting estimated share equations

(see Table 4.1 for details) are as follows:

5, = 0.865+0.0361ogh, -0.011logh,~0.048 logh, -0.032 log W,
-0.007 logi,-0.058log¥ + 0.034T + 0.036 logH

tn
[

~0.296 -0.011log W, +0.053 log W, -0.005Log#, +0.004 log W,
+0.009 logW,;-0.017 logY-0.03 T + 0.0251ogH

tn
i

0.662-0.048log#, -0.0051ogW,+0.1291log, +0.0321ogWw,
-0.0791ogW,+0.0011ogY+0.036T - 0.064 LogH

L
i

-0.059-0.0071ogw, +0.009 logW,-0.079 log, ~-0.012 logW,
+0.169 logW;-0.091ogY~-0.062T + 0.18110ogH

Uy
W
i

-1.667-0.058logW, ~0.017 log,+0.0011logW,+0.192log ¥,
-0.091logW;+0.5111logY¥~-0.5667 - 0.1821ogH

S, (i#4), and the

and of course recalling that S, =1 - i

(8
i
;

coefficients of the omitted share equation are derived by use of

the homogeneity conditions:

5 5
) Biy=0:  Yay=1i yay=0; Y} by=0; ,2%':0-
£

5 5 5
Jj=1 J=1 J=1 =1
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5

We get the estimate of ﬁ4j = - Z Bij by rearranging the first
ira

homogeneity condition, and using the same principle ayqr Dyy and

5
Cc,s; are derived. o, is given by 1 - 2:“1 . The complete Chemical
iz4

share equation, when all this is done, is:
Sy = -1.132+0.0291log#, -0.056 Logh,+0.003 logi, +0.008 Logw,

-0.0921ogW;+0.16410og¥+0.022T - 0.178logH

Stevenson (1980) argues that given technological advancement,

the measure of input bias is I,; = 57

bw , assuming technology is

homothetic. A positive I,; implies that technological change is
relatively factor i-using. I,; = 0 implies neutrality (there are no

changes in input proportions or factor shares) while I,; <0 implies

factor i-saving technological advancement.

Technological change may also be biased to the returns-to-
scale, altering the range over which returns-to-scale of a given
degree could be realized and possibly altering the output level at

which minimum average cost is attained. The measure of Scale

Economies is given b e = 2= = ZZ.-
J Y dlogY 0Y C

When e <1 it means technology exhibits economies of scale,

1 implies constant returns to scale, and

o™
]

€ 21 implies dis-economies of scale.

All the coefficients which capture technological input bias are
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very insignificant, except for output and fertilizer. Both of them
are negative and significant, meaning that technical change is
associated with a fall in output of tobacco and less use of

fertilizer.

ac/oy _ dlogcC

= is the measure of economies
c/Y dlogy

Remember that e =

of scale. It has also been shown that output supply function from

the profit maximization objective function S, = —1%-[ = %g—g-% = g—g%

Therefore, the S, equation can yield estimate of e since they are

of the same form i.e. they contain the same explanatory variables

m
e =, +B,logY + Y a,logh; + a, T + a,logH
i

e = -1.667 - 0.058(6.32) - 0.017(9.70) + 0.001(5.04) + 0.192(7.69

- 0.09(8.25) +0.511(9.1) - 0.566 (2.47) - 0.182(2.08)

= -1.667 - 0.366 - 0.16 + 0.003 + 1.476
~-0.745 + 4,65 - 1.398 - 0.378

= 1.415

Since the value of e is greater than one, marginal cost is greater
than the average cost, and therefore there are dis-economies of
scale in tobacco sector.

A measure of technological scale bias in Stevenson’s work is

de

EEJ”W' Assuming Te 1is the same over the output range, its

Te =
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negative value implies that the minimum efficient firm size has
increased. Efficiency can only be attained at higher ocutput levels.
Therefore, production of tobacco by smaller farmers is costly.
The coefficients from the individual share equations in this
model have no economic meaning of their own. Differentiating the

factor share equations,

(i) d5; _ d[dlogc/dlogw;] _ d[dlogcC/dlogw;]
dlogw; dlogw; dlogw;
S logcC .
(ii) 95; = [9logc/dlogw;] - 01d1logc/dlogy] which reduces to
dlogy dlogy dlogw;
——Q§—~, the impact of log w; on economies of scale.
dlogw;
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The Estimated Share Equations

Table 4.1: The Coefficients Of The Transcendental Logarithmic Cost Function Using Pooled
Cross-Section/Time-Series Data For The 1990/91-1992/93 Crop Seasons.

Variable
Equation Const Seed Machinery Labour Chemical Fertil. Output Time
Seed 0.865"" 0.036"" ~0.010 -0.048™ -0.032" -0.007 -0.058" 0.034
(2.88) (2.34) (-1.295) (-2.199) (-1.69) (-0.465) (-1.617) (0.98)
Machinery -0.296" -0.010 0.053™ -0.0051 0.004 0.009 -0.017 -0.03"
(-1.699) (-1.295) (4.40) (-0.30) (0.52) (0.656) (-0.922) (-1.55)
Labour 0.622 -0.048™ -0.005 0.129™ 0.032 -0.079™ 0.001 - 0.036
(1.18) (-2.199) (-0.30) (1.969) (1.05) (-2.48) (0.012) (0.609)
Chemical -1.132 0.029 -0.056 0.003 0.008 -0.092 0.164 0.022
Fertilizer -0.059 -0.007 0.009 -0.079™  -0.012 0.169™" -0.09" -0.062"
(-0.166) (-0.465) (0.66) (-2.48) (-0.63) (4.94) (-2.46) (~1.57)
Output -1.667 -0.058" -0.017 0.001 0.192" -0.09™" 0.511" -0.566™"
(-0.744) (-1.617) (-0.92) (0.012) (1.43) (=2.46) (1.808) (-2.28)
(quasi-fixed var.) Sl S2 S3 54 35 Sy
Hectares 0.036 0.025" -0.064 -0.788 0.181* -0.182
(0.93) (1.278) (-0.99) (4.608) (-0.611)
Figures in parentheses are t-ratios, e, n-k
0.025,28 = 2.048 = (k%)
Critical Points: £o.05,28 = 1.701 = (%%)
Co.10,28 = 1.313 = (*)
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Almost half of the coefficients in the share equations
resulted in estimates with significant effect on the cost function
at 90 percent level of confidence. Chemical coefficient is
significant at 90 per cent level of confidence in output and seed
share equations only. It is surprising that machinery coefficient
is only significant in machinery share equation; I expected it to
be significant at least in output share equation as well.

Technology coefficient (captured by the variable Time) is
significant in the output share equation at 97.5 per cent level of
confidence, and in machinery and fertilizer share equations 90 per
cent level of confidence. The period over which the data was
collected is too short for any significant technical change to have

occurred that would lead to significant changes in use of inputs.

Table 4.2: Basic statistics from the share equations

Share Egn. Means o? D-W R?
Seed 0.075 0.013 1.56 0.36
Machinery 0.071 G.001 1.34 0.62
Labour 0.47 0.032 1.36 0.15
Chemical 0.094

Fertilizer 0.29 0.009 1.64 0.74
Output 1.41 0.855 2.35 0.26

Absolute shares shown above indicate that Labour has the
largest share of the total (variable) cost of tobacco production,

followed by fertilizer, Seed and machinery. However, this might not
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be the case if you consider the fact that the same labour does
other duties on the farm for the same wage, viz production of other
crops or livestock. The cost of chemicals was not properly
accounted for because many chemicals which go into tobacco
production were not included by the questionnaire. It should also
be noted that the ratio of total revenue to cost is more than 1, an

indication that farmers are making some profit.

4.1 The Elasticities Of Substitution
It has been shown by Binswanger (1974) that Allen partial

elasticities of factor substitution, given by

E X W, @g2¢
=g, = , Or t another wa Uzawa, 1962
917 = 9 X;X; Ow0w; Py v (U= )
2
Clw,y) aéifgby)
,y) = i J _, can be simplified further to yield th
015 (W, 7) oC(w,y) 0C{(w,y) HmpLt " © ¥ ©
ow; dw;

following formulae:

1 .
(a) o0y = 515, By + 1, i#7
(B) 0, = -~ (B,, + 8% - 5,) i=j
I S-z 11 2 1’
z

Elasticity of substitution is the rate at which one factor is
substituted for another with output held constant. In the primal

model its formula is - %A (k/1) . The denominator is
%A (MPP,/MPP,)
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referred to as the marginal rate of technical of substitution

(MRTS) .

Table 4.3: Allen Partial Elasticities of Substitution, 05

Factor j
Factor i Seed Machinery Labour Chemical Fertilizers
Seed -5.93
Machinery 0.81 -2.57
Labour -0.36 0.85 -0.54
Chemical -3.54 1.60 1.72 -8.73
Fertilizer 0.68 1.44 -0.58 -3.37 -0.44

Own-price elasticities of substitution are all negative, which
is consistent with cost minimization behaviour. Chemical, seed and
machinery have the highest absolute own-elasticities of
substitution. Labour and fertilizers have lower own-price
elasticities. When the cross-price elasticity of substitution is
positive it means the factors are substitutes, but if it is
negative then they are complements. Therefore, seed and labour are
complements, but the relationship 1is weak; meaning that
complementarity can only be done to a very limited extent. Labour
has positive substitutability relationship with the chemical
inputs, but has a complementary relationship with fertilizer.

At 1.72, the cross-price elasticity of substitution between
labour and chemicals is the strongest/highest followed by that

between machinery and chemicals (1.60) and machinery/fertilizer
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(1.44). High complementary relations are that of seed/chemical (-
3.54) and seed/fertilizers (-3.37). Except for four complementary
relationships {Seed/Machinery, Fertiliger/Labour and
Fertilizers/Chemicals) all the factors in the model are substitutes

for each other.

4.2 Elasticities Of Factor Demand:

Price theory suggests that there is generally an inverse
relationship between price and quantity demanded of a commodity.
The own-price elasticity of demand is the ratio between the
percentage change in quantity demanded and the percentage change in
that factor’s price, and it is normally negative. In the primal
model, the mathematical formula for the price elasticity of factor

% A quantity demanded of factor i
$APrice of factor j

demand is Mg =

In the dual model the price elasticity of factor demand,

0X, w,
Ny = 3% 3? has also been simplified by Binswanger to yield the
J “J

Ve

following:
(@ mnyy = —%l - i+j
1
(b) nii=%+si—1’ i=j

The resulting estimates of the price elasticities of factor demand

from the estimated nodel are given in the table below:
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Table 4.4: Price Elasticities of Factor Demand, Mij

Factoxr j
Price i Seed Machinery Labour Chemicals Fertilizer
Seed | -0.445 0.058 -0.17 -0.332 0.196
Machinery -0.066 -0.182 0.399 0.150 0.416
Labour -0.027 0.060 -0.256 0.162 0.122
Chemicals 0.384 -0.524 0.502 -0.820 -0.688
Fertilizer 0.050 0.102 0.198 0.052 -0.127

Note that all the absolute price elasticities of demand are
less than 1. Own-price elasticities of factor demand are all
negative, and therefore conform with the economic theory, and all
the factors in the model can be referred to as normal goods in the
factor market. The cross-price elasticities of demand are not
symmetrical because of the presence of other competing factors
which have different degrees of substitutability and/or
complementarity. Therefore, although the signs of the cross-price
elasticity of demand between any two factors are usually the same,
there are instances when substitutability/complementarity is
invoked depending on which factor’s price has changed. Therefore
even very small differences between two estimates of price
elasticities of demand for two factors might have bigger
implications. For example the price elasticity of demand of seed
for machinery (-0.066) suggests complementary relationship, but

that of machinery for seed (0.058) suggests substitutability
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relationship between them. The other pairs of factors with such

reversible relationships 1in the results are seed/chemical,

chemical/machinery, and fertilizer/chemicals. The changes in

substitutability/complementary relation between any two factors

depends on the following factors which influence the consumers’

(farmers) response to change in price:

(i) magnitude of the change in price,

(ii)} availability of substitutes or complements,

(iii) quantities involved of both factors for a farmer to restore
that desired level of input proportions, and

(iv) the importance of that factor in the production process, and
the price the farmer is willing to pay for it.

Therefore, when labour’s price changes the response by farmers in

substituting or complementing it is very low compared to a factor

such as chemical when its price changes (check the horizontal

figures for labour and chemical price elasticities of demand in

Table 4.4 above).

However, even within these very low elasticities we can say
that the largest difference (in absolute terms) in the elasticities
of demand are between the following pairs: chemicals/fertilizers,
chemicals/seed, chemical/machinery, fertilizer/machinery,
chemical/labour and labour/machinery, in that order.

The reversal relationship between fertilizers and chemicals
assume the extreme. A lot of money is spent on chemicals as it is
very expensive and very necessary in tobacco production. The

chemical price to some extent determines even the hectarage that is

41



put to tobacco. There is a very strong complementary relationship
between chemicals and fertilizers (Table 4.3), but a relatively
weak substitutability relationship when the order of change in
price is reversed. The functions of the chemical input (protecting
plants from pesticide, weeds, insects, etc) are different from

fertilizers (nourishment of the plants).

4.3 The Elasticities from The Output-Supply Equation:
The economic meaning of the elasticities from the output

supply equation can be derived as follows:

5, =

PY _ dlogC(w, y*)
C dlogy

dlogC C{w, y*)
dlogy P

= V¥V =

Taking the derivative of Y with respect to P we have, knowing thaty* = y(p)

and -g-%—;:, = alTOSX , results into
8y _ _d8logC(w,y*) C(w,y) , 9logC dlogy
8P dlogy P2 dlogy? OJP

, 0logC1 0C(w,y*) 8y
dlogy P dy OP

Rearranging the equation we have

oy 1 - dlogCc 1 _ 8logcdci|_ _ dlogC C
oP dlogy? ¥ dlogy dy P dlogy p2
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_ dlogC C

oy _ dlogy p?
ap { - ©logC1 _ 8logCdc1
dlogy?y Odlogy dy P

Multiply both sides by P/Y and make substitutions for the following

95, = 6210913, g = O9logC _ s, and oc P. Prom the right hand
dlogy  dlogy? dlogy dy

side we end up with the price elasticity of supply,

_e C
Oy p _ p? D
op y _ 88} 1 y
dlogy y
dy P _ - 1.415(44.92) 347.73
oP Y |, _ 0.511(——~l———)— 1.415 | 20,139
20,139
- 2.64

Price elasticity of supply suggests that farmers respond very well

. . . W
to increases in tobacco price. We can not compute -gbi-gf because
74

1

we have assumed that output in the profit function (from which the
output supply equation was derived) is not affected by changes in
factor prices.

The shadow price of the quasi-fixed input can be computed from
the first-order derivative of the static competitive profit
maximization problem (Coyle, 1990).

Max

H y Py - C{w, H,v) ~wiH.

43



This implies the following first-order conditions for an interior

OC (w, Hx, y*)

+wH =0
dH

solution (1)

OC (w, Hx,yx) _ p=0
dy '

and (ii)

We are interested in the first result, which is multiplied by H/C

to yield - _OCH _ wh i or - OlogC _ wHi From the cost
o0H C C dlogH C

dlogC

_— i OLS.
dlogH using

function, derive and estimate

Then we will have the following estimated value for the shadow
price of land in tobacco:

_98logCC _ &

dlogH H
5,432,300
- (- 0.00866) [ 2:232.300
( 086 )( 18.528 )

= ZK 2,539.06 / ha
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CHAPTER FIVE

CONCLUSION

5.1 SUMMARY OF THE RESULTS AND IMPLICATIONS

The computations show that there are dis-economies of scale
(1.415) in tobacco production in Zambia since the marginal cost is
greater than average cost as has been shown on P.34. This suggests
that further expansion of production will increase average costs
and lower the profit margin at industry level. Technical Scale Bias
of -0.566 tells that the minimum efficient farm size has gone up.
efficient producers are those producing larger quantities of
tobacco.

This study also provided an estimate of the shadow price of
land, which should be another important source of revenue for the
government. Up to now, tax is not collected from all those who own
agricultural land. This has encouraged speculation on the land by
businessmen who do not have anything to do with farming. Charging
a small user/rental fee (as indicated by the computed price of the
quasi-fixed variable) on the land that a farmer holds will
discourage many speculators who have so far paid only the initial
application fees, made a few cosmetic changes and sold the land as
developed land/property to those who are serious about farming.

The following can be said about the other factors: labour is
available at very reasonable prices, and seem to be relatively
fixed. Fertilizer is manufactured by one factory that is being
considered for closure. It used to operate under full capacity and
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could not compete with imported fertilizers. Domestic demand was
never met and always forced the price to be going upwards. Agro-
chemicals are manufactured by two companies, but because of the
high import content the prices are usually very high. All the major
machinery employed on farms are imported using the costly foreign
exchange.

Although tobacco production could still be attractive to most
farmers because of the larger profit margin it offers and the
relatively efficient, ready international market that exist(ed),
there is so much uncertainty over its future. The sub-sector
continues to go down because of the shrinking international market,
a result of the changing attitude towards tobacco products.

In 1993 marketing season the tobacco market in Zambia crushed
‘for the first time. Almost all the farmers made losses because of
the low prices that were offered for the crop. At the end of 1993
marketing season a lot of farmers were contemplating quitting
farming altogether because other agricultural activities were also
not as promising, except for livestock farming. Maize, the staple
crop, was also not doing well because its marketing was being
reorganised - private individuals were allowed to carry out the
marketing of the crop. This was followed by drastic fall of the
price. Maize production is the first alternative that is usually
considered by those who grow tobacco whenever they want to switch.
But at the end of 1993 maize was not so much of an alternative.

Officials in the tobacco industry believe that the problem in

Zambia is not with the prices offered for the crop, but the low
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yields and small production realized by most farmers. It is
difficult to attract many international buyers if production is
low and therefore there is very little competition for the crop
among the buyers. This leads to the fall in prices that are offered
for the produce.

Whilst the government of Zambia is currently interested in
promoting food self-sufficiency, it might not be in agreement with
the farmers who might devote their resources and time producing
something else that has a higher return (tobacco being one of
these). Output elasticity of 2.64 certainly points towards an
increase in tobacco output if its price went up. For tobacco
farmers in Zambia, maize and tobacco literally used to compete for
the limited resources. Farmers getting tobacco loans from NATCO
were required, as a matter of policy, to devote some inputs to
maize production. For every two hectares of inputs given out for
tobacco, one hectare worth of inputs were to be devoted to maize
production. This way food self-sufficiency was maintained at the
farm level. Today, both tobacco and maize are not as promising as
they were a few years ago.

The econometric results from this research could be of great
use to government policy makers. They can strengthen/rationalise
their decisions using the information provided here. In the short
run government devote some time to seriously look at alternatives
to tobacco production as it won’t be long before the resources in
this sector are underemployed or altogether declared unemplovyed.

For labour, rural-urban migration might go up as people start
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looking for work elsewhere. Apart from loss of employment, there is
the reduction of agriculture’s contribution to GNP. Farmers in
Zambia have very limited success with other cash crops and
- therefore they do not offer a long term solution; cotton production
is likely to be headed downwards as textile plants are closing down
because of the stiff competition from South Africa whose goods are
allowed to come with minimum restrictions now. wheat and rice stand
a good chance although their marketing infrastructure has yet to be
well established. Because of the small domestic market, success
here will require exporting to neighbouring countries whose
climatic conditions do not allow for cheap production of these
crops (e.g. Botswana). We have to compete with the technologically

efficient South Africans.

5.2 LIMITATIONS OF THE MODEL

Briefly stated, the most important limitations of the model
which are not 1likely to hold are: (a) The assumption of weak
separability between included inputs and all the other inputs not
included in the model (Applebaum, 1977); (b) Specification of the
model whose true mathematical form can not be known; and (c) The
conditions for consistent aggregation over firms and inputs are
very stringent (farmers facing identical prices), and I do not
expect them to hold.

These problems probably explain rejection of the homogeneity
condition. It could be that I had applied a wrong theory

altogether, or if the theory is alright then the mathematical form
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of the empirical model is wrong. The behaviour of farmers might be
influenced by risk and not so much by the need to minimize costs or
maximize profits. There is also the high probability of errors in
data that was collected that would lead to rejection of homogeneity
condition.

Since the data used was pooled cross-sectional data from the
three time periods there is room for error interdependence over

time to occur i.e.it is possible that ﬁij may be different in

different time periods, contrary to what has been implicitly
assumed. This could be handled by specifyving a share equation for
each time period; then testing and probably imposing the symmetry
and homogeneity constraints. We can also test whether the

parameters ﬂij are constants over time, given enough degrees of

freedom. It should also be noted that these results generally apply
to commercial and emergent farmers, but not small scale farmers
whose data did not account for much in the estimated model.

Limitations of the results from the research arise mainly from
the data utilized. The data was collected at the time when farmers
were going through their worst experience - collapse of the tobacco
market in Zambia because of global over production. Liberalization
of the economy paved way for more competition from neighbouring
countries leading to the fall in agricultural produce prices. There
was just so much uncertainty among the investors during this
period, but more so for farmers whose stock turns over slowly, but
had to contend with high rates of inflation.

Consequently it is difficult to model farmers’ expectations
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for tobacco prices, and they are unlikely to behave as risk-neutral
profit maximizers. However, the assumption of risk neutral
behaviour is imposed in the model by the equation relating
(expected) output price to marginal cost of production. If Risk-
aversion 1s taken into consideration, it will mean that output
price is going to be an endogenous variable. Cost minimization
hypothesis is consistent with risk-averse behaviour, but profit
maximization is not. As such, the output supply function will not
enter our model since we will not be assuming yield risk. The high
variance in the prices that were recorded was mostly attributed to
the high rate of inflation in the country. Official inflation rates
for most of the early 1990’s was over 100 per cent.

The absence of data for some of the variables 1like
buildings,vehicles and other fixed assets might have required
modifying the model to incorporate this aspect. Then we would have
had long run and short run estimates of the factor efficiency and
elasticities which can be varied for a reasonable time period.
Instability of the Zambian political-economy for the past four or
so years has had an adverse effect on the behaviour of the people
in terms of taking risks. I’m not sure whether the data generated
could have been any different under stable economic and political
conditions.

Serious limitation of the model itself (dual cost function) is
that it assumes output levels are not affected by factor price
changes, and therefore indirect effects (via output level) of

factor price changes on factor demands are ignored. "Moreover,

50



inclusion of output levels as explanatory variables may lead to
simultaneous equation biases 1if output levels are not indeed
exogenous. This problem is certainly compounded if a multi-output
cost function is estimated" (Lopez, 1982a).

The model employed is constrained in that it assumes that
coefficients of translog function estimated on cross-sectional data
do not change as one moves from period t to t+j. In other words it
is implicitly assumed that non-time second-order coefficients do
not change over time (Stevenson, 1980). In his study, Stevenson
suggested a truncated third-order Taylor-series expansion in order
to measure rates of technological change over a given time period.

However, a third-order truncated Taylor-series expansion would
imply a lot of coefficients would have to be estimated, and given
the limited data that was collected this is not possible since the
degrees of freedom would literally vanish and no econometric tests
would be performed. In fact introducing a lot of variables in the
model raises the level of multicollinearity among the explanatory
variables (Stevenson, 1980).

In the case of resource-competing crops like maize and
tobacco, it might have been more reasonable to have gone with the
multi-output model. In the single output model, we are faced with
the problem of having to separate inputs utilized by each of the
outputs (or crops), but in multi-output approach you do not require
any knowledge regarding the allocation of different inputs to each

of the outputs (Lopez, 1982a).
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5.3 SUGGESTIONS FOR FURTHER RESEARCH

Further interesting research could be done from where I left.
An assessment of food security by looking at resource/factor
allocation between maize and tobacco is an obvious extension that
would elevate the value of this research. This is more important
given the current health concerns by most countries where tobacco
products are consumed, and this is of equal importance in countries
like Zambia that consider tobacco as one of their major generators
of income and employment. However, an even more valid reason is
concern over food security in Zambia which from time to time
experiences some food shortages because of low food crop
production. Tobacco farmers are of modest means, and if given the

incentives they can divert their resources to food crop production.
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CHAPTER SIX

APPENDIX A: BACKGROUND INFORMATION

The Ministry of Agriculture categorises Zambian farmers into
three groups on the basis of the amount of land put under
cultivation. The Small-scale farmers are all those farmers who
cultivate less than five hectares of land; Emergent farmers are
those with anything between five and twenty hectares, while the
Commercial farmers have more than twenty hectares of land under
cultivation. The other characteristics and types of farming are not
considered in this classification. Of approximately 45 million
hectares of Zambia’s arable land only 4.5 million hectares are put
to agricultural use. And less than one per cent of the cultivated
land is under irrigation, mostly by (large scale) wheat farmers.

Small-scale farmers grow a lot of the staple crop (maize)
which accounts for over 70 per cent of the marketed agricultural
produce. So much importance is attached to maize by the Zambian
government because it is a measure of the food security position of
the country.

In 1974 the government introduced the policy of uniform
pricing for all crops. No matter where one resided, he paid the
same price for most of the agricultural commodities. The uniform
prices do not reflect the difference in cost of production, or
costs incurred for handling, storage and transportation. Therefore,
the high-bulk, low-value crops and those with a large foreign

exchange bill for inputs and/or transport costs were not priced
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properly. This led to uneconomic allocation of resources as farmers
were encouraged to produce even when the conditions were not
favourable, or in the case of maize the producers were encouraged
to sell everything they produced because of the high price while at
the same time they could buy the same produce at very low
subsidized prices.

Agricultural sector contribution to the GDP is between 10 to
15 per cent, and provides about 8 per cent of the formal
employment. The most important sector in the Zambian economy is
mining, which generates over 90 per cent of the foreign exchange
earnings, and provides a lot of employment. In agriculture, the
most important foreign-exchange earning crops are cotton and
tobacco.

As the relative price of maize in terms of tobacco went up,
more maize was produced whilst production of tobacco went down as
shown in Table 1. With falling tobacco output, tobacco exports went
down just as the volume of maize imports went down following
increased maize production.

Table 6.1: Marketed Maize And Tobacco

YEAR MATIZE VIRGINIA TOBACCO  BURLEY TOBACCO
(/000 90KG BAGS) ('000 KG) ('000 KG)

1964 2,202 10,962 1,993

1965 2,864 6,600 855

1966 4,300 6,267 224

1970 1,468 4,794 387

1975 6,216 6,466 501

1980 4,247 4,126 654

1985 7,069 2,132 565

1988 15,000 3,515 525

SOURCE: Shawa, J.J. "Structural Adjustment In The Agricultural
Sector: The Case Of Maize And Tobacco In Zambia" (Unpublished
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Paper, 198..)

Some of the reasons for the decline in tobacco exports are:
(i) expatriate farmers who were the major producers started

leaving the country in the early 1960's.

(i1i) Government incentives were directed towards attaining self-
reliance in food crops.

(iii)In recent times, there is a consented effort in tobacco
importing countries to disapprove of tobacco products for
health reasons which has led to drastic fall in demand.
Smaller farmers do not have the resources to produce optimal

quantities from which they can profit. This resulted in the steady

fall in tobacco exports. Therefore tobacco is a crop produced by
farmers with some modest capital to invest in the inputs.

GRZ Policy has been geared to increasing agricultural output
and enhancing self-sufficiency in food. The government would also
like to reduce the excessive dependence on copper exports for
foreign exchange by increasing agricultural exports. In order to
stabilize farmers’ incomes diversify agricultural activities.
Tobacco was to be introduced to rural population because it had
more potential of increasing rural income than the other cash
Crops.

Since tobacco is labour-intensive, government policy requires
that all producers to produce some significant amounts of maize for
their labour force to ensure food security. Thus credit given out

by TBZ, NATCO and private companies has to include inputs for maize
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production as well. This works well since maize benefits from being
grown on land previously put to tobacco. This ensures some self-

reliance in terms of food.

6.1 Production

Tobacco production in Zambia started shortly after World War
I, but it was early 1950’'s when acceptable quality tobacco was
produced in significant quantities. In 1955 the British government
undertoock to buy 4.5 million lbs of flue-cured Virginia tobacco to
stimulate production. The industry expanded reaching a record high
of 24 million lbs in 1964 (TBZ, 1971).

Before independence in 1964, the Federation of Nyasaland (now
Malawi), Northern Rhodesia (now %ambia) and Southern Rhodesia
{(present day Zimbabwe) had established a reputation at
international market as the following remark regarding the
competitiveness of the Federation tobacco implies "..... the price
of the United States tobacco relative to competing tobacco was
quite high. In 1965, the net export price of U.S. flue-cured
tobacco was approximately twice that of Rhodesian tobacco, which
was generally acknowledged to be the next highest quality tobacco
after the United States" (Johnson, 1984). In 1954 leaf tobacco was
second in generating income for the Federation. Over 90 per cent of
the tobacco was exported, approximately worth US $ 70 million. This
represented 3/4 of the total agricultural earnings of the
Federation. The principal markets included the U.K., Australia,

Union of South Africa and West Germany. In 1954 the Federation
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exports reached 70 per cent of the total world tobacco exports,

four times the average of the 1935-39 period (USDA, 1956).
However in 1967 production went down because of a government

enactment to increase farm wage rates and fringe benefits (housing

or rent allowance}. This combined with an attractive maize producer

price led to a fall in tobacco output in 1967.

Before 1966, the 1line-of-rail production was sold in
salisbury, Rhodesia while that from Eastern province was sold in
Malawi. In 1966, Tobacco Board of Zambia (TBZ) opened an up-to-date
auction floor with a sale capacity of 450,000 lbs per day. In the
following year TBZ commissioned a tobacco processing, redrying, and
packing plant in Lusaka with a capacity of 40 million lbs annually
on one shift (TBZ, 1971).

Tobacco production was encouraged by establishing
(1) Mukonchi Training Scheme, an extension of the 1970 World Bank

Project. The scheme was to train Zambians to manage 300 acre

farms as Assisted Tenants under TBZ supervision;

(ii) Tenant Farming Scheme rented out farms of about 500 acres of
arable land to experienced farmers for a period of five years
with an option to renew;

(iii)Popota Training College was to train middle management and
extension staff for TBZ; and

(iv) Family Farm Tobacco Schemes (TBZ, 1971).

Today tobacco producers in Zambia consist of
(i) 1large commercial growers(former Assisted Tenant tobacco

farmers under TBZ farms).
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(i1) Family Farming schemes at village level. Production by this
group fell from 750,000 kgs (1981) to 145,000 kgs (1985)
because of lack of management and finance. NATCO boosted their
output in 1986 to 421,000 kgs (VTAZ, 1987).

(iii)Peasant farmers grow the crop as tenant farmers for big

enterprises which provide them with the inputs required.

Tobacco production involves the following

(a) a continuous work-programme of over 15 months from basic land
preparation to presentation of tobacco at sales;

(b 3-month, labour intensive reaping/curing season, which
requires 24-hour surveillance to ensure a good cure, and

(c) Considerable expertise and management skills are required for
preparation of land, seed beds, planting, soil fumigation,
weed control, reaping, curing, fertilizing, succouring and
presentation. It is not easy to recruit personnel having these
traits.
And the costs of setting up infrastructure (barns, machinery,

etc) for a viable tobacco growing operation are very high, and

considering that most inputs are imported there is a high foreign

exchange bill.

Tobacco being a labour-intensive crop, provides a livelihood
to some 28,000 workers and their dependents who earned some ZK 24
million in 1986 (VTAZ, 1987). Tobacco also provides large amounts

of income-tax revenue to government. Tobacco farmers are large
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maize producers since maize benefits from being grown on land

previcusly planted to tobacco.

6.2 Infrastructure

Tobacco Board of Zambia (TBZ) was established by an Act of
Parliament passed in 1967. The Board of Directors are appointed by
the minister responsible for Agriculture. The Board was responsible
for all aspects of tobacco industry, including growing, packing and
"selling. In 1985, when NATCO was set up, the Board’s functions were
limited to:

-monitoring and enforcing provisions of the Tobacco Act and other
legislation governing the industry,

-maintaining registers of growers as required by law, and
-managing the auction/classification floors.

National Tobacco Company (NATCO) was formed to revamp the
declining tobacco production by peasant farmers in 1985. The main
functions of the company were to:

-process and pack tobacco for the export market;

-ensure increased plantings through incentives, technical advice
through extension service;

-administer credit scheme for the benefit of peasant farmers;
-provide inputs at right time, and

-secure export market for Zambian tobacco.

NATCO credit to small-scale farmers was in form of

fertilizers, chemicals, seedlings, packing materials, tractor hire.
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NATCO wanted to duplicate the success of the Lint Company of Zambia
(LINTCO) which raised contribution of small-scale farmers in cotton
production. Private enterprises are allowed to mobilise small-scale
farmers on scheme basis. There is Burley Tobacco Development
Company (BTDC) in Eastern province, Centaf in southern province,
Fodya, Lupenga Farms, Marklands, Asgrow and Lukanga Investments, to
name some of the major private enterprises in tobacco business in
Zambia.

At the time of independence in 1964, the only credit programme
for the mass of agricultural producers were the Peasant Farmer
Scheme and growers of specialised crops. The Land Bank and
commercial banks were exclusively geared to the needs of large
scale commercial farmers. When Credit Organisation of Zambia took
over the Land Bank, it injected credit into rural areas. In 1970,
Agriculture Finance Company (AFC), a subsidiary of Rural
Development Corporation, was created (TBZ, 1971).

Because of the smallness of tobacco industry in Zambia, it can
not support a tobacco research programme. Any latest information is

given by Kutsaga Research Station of Zimbabwe.

6.3 Marketing

The Primary market serves the small-scale farmers. NATCO
charges 30% service support to pay for transport, administration
costs of extension services. The Main market serves all producers
who operate without the NATCO assistance. TBZ runs this market with

the Commercial farmers, Emergent farmers and NATCO.
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Burley tobacco is financed by NATCO and Intabex. Intabex
purchases tobacco by classification and exports it to Malawi.
Centaf Tobacco Producers purchase all the tobacco produced west of
the Luangwa river while Intabex purchases all Virginia tobacco
produced east of the Luangwa river and all the Burley produced in
Zambia. Both buyers purchase tobacco on three-year roll-over
contract basis (VTAZ, 1987).

The aﬁction system was replaced by classification in 1977
because the crop was too small to warrant an auction. With three
merchants buying a small crop there was no competition, resulting
into poor prices. Price negotiation team comprises of the Ministry
of Agriculture, NATCO, VTAZ and TBZ.

Since 1980 flue-cured crop is tendered to Centaf Tobacco
Producers, a subsidiary of Gerbruder Kullenkamp of West Germany.
The tobacco that Centaf purchases is processed and packed in NATCO
plant, where it is blended to the specification of Centaf client
International Cigarette Manufacturers at an agreed price. The
export price that Centaf receives is approximately double the floor
price received by the Zambian growers (VTAZ, 1987).

The tobacco that Intabex purchases is exported unprocessed,
but they pay a charge in foreign exchange in lieu of processing
charges. The requirements of the domestic company, Central
Cigarette Manufacturers (CCM), are easily met because they have a

small market to carter for.
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6.4 Foreign Exchange Policy
Because tobacco is mostly produced for the export market,
exchange rate policy 1is very crucial in the tobacco farmers’
operations. Exchange rate has a "...major impact on allocation of
resources, incentive to save and invest, the decision to produce
and consume, and the distribution of income and wealth" (EAZ
Newsletter, Oct. 1993). It is a kev determinant of balance of
payments which affect a country’s external indebtedness, and how
much wealth individuals and firms hold in local financial assets.
For the most part of the Zambian economic history, exchange
rate has always been fixed. There used to be surplus foreign
exchange until after the 1973 "0il Shock". The mid 1980’s foreign
exchange shortages forced the government to start devaluing the
Zambian Kwacha (ZK). Devaluation continued with the new government
that came into power in late 1991. The latest government action on
the value of the exchange rate had been:
- January 1992 by 30% devaluation of the ZK;
- October 1992 a freely determined exchange rate and Bureau de
Change were allowed to operate, and
- July 1993: BOZ intervenes in the foreign exchange market after
ZK plummets in value rapidly by pouring in US $ 8 million
every week, most of which was donated by the international
donor community supportive of the on-going Structural
Adjustment Programme which was being carried out under the
auspices of the IMF and World Bank. Exchange rate gained value

from ZK600 to ZK450 to a US dollar (EAZ Newsletter, Oct. 793).
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Note that during the period when devaluation was going on, the

exporters were enjoying the returns from their exports.

Another important aspect regarding foreign exchange is that
non-Zampians farmers were allowed to retain 5% of their foreign
exchange earnings in excess of 5,000 kgs in 1982. This went up to
15 % in Feb of 1987 and finally to 50 % when the foreign exchange

shortage was very acute (VTAZ, 1987).

In 1980, TBZ was reorganised, and the responsibility of
promoting tobacco was given to the Ministry of Agriculture.
However, the tobacco sector continued to perform poorly because of
lack of motivation on the part of extension workers, late payment
for produce, low producer prices and lack of credit to farmers in
general. In 1985, NATCO was formed to promote tobacco production by
the small-scale farmers.

The change in administration of tobacco industry (NATCO taking
up some of the TBZ functions in 1985) contributed to poor
performance by the tobacco sub-sector such that by 1990 only 2.2
million kilograms of tobacco were produced. With 23 million
hectares of class 1 and 2 arable land, adequate fuel supply and a
potentially large labour force, Zambia can do much better than
Malawi (16% the size of Zambia) or Zimbabwe (half the size of
zambia with semi-arid soils) which have enjoyed relatively greater
success at the international tobacco market (TAZ, 1991).

Following the 1991/92 draught season, there was an

overwhelming response from farmers to government calls to increase
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agricultural output. Despite the fact that many farmers in 1992/93
crop season had a bumper harvest, many farmers went bankrupt. "Many
big farmers borrowed at between 50-60 % interest. Towards the end
of the first quarter, this had soared to 140% and when compounded,
this figure was in the region of 324% and could be more if

penalties are included" (Productive Farming, Oct. 1993). Following

from the inflation/devaluation process of the last five or so years
the farmers have to contend with prohibitive input prices and very
high interest rates. Unless there are other activities which could
offer the same range of profitability as tobacco used to, we might
experience disinvestment in the agricultural sector as a whole.
Diversification of the agricultural sector is going to be
difficult if the economy continues to perform poorly. A lot of
avenues into which farmers were to diversify are closing as the
liberalization policies take their toll. There is little incentive
to continue raising cash crops in general because farmers would
also like to realize their revenue at a faster pace and utilize it
as soon as it comes in before it is swallowed up by inflation.
Rural-urban migration can not be arrested given the poor
performance of the agriculture sector which employs a significant
portion of rural labour. Tobacco sub-sector is a big employer of
the rural labour, such that when it performs poorly rural-urban
migration is likely to go up. Government needs to look at how to
retain or deploy the labour and other resources that are currently
retained within the rural areas by offering more information and

incentives on other ventures which can be equally or more
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rewarding.

In the wake of liberalized foreign exchange market, now
farmers find it convenient to produce anything for export to have
access to foreign exchange. Farmers can now retain 100 percent of
their foreign exchange earnings and government is less strict on
imports of agricultural inputs like machinery, chemicals, etc which
are not available in Zambia. Individuals can have bank accounts in

foreign currency denominations.
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APPENDIX B: HYPOTHESES TEST RESULTS

Table B.1l: Homogeneity and Symmetry Condition Tests,

1. Homogeneity condition:

Ho: 5 Observed xg = 28.66

Critical points:

xg.ﬂl,s =15.08

X5.05,5 = 11.07

2, Symmetry Condition:

Ho: By = By o Aiy = Ay Observed 42, - 18.35

,1,7#4

Critical points:

Xo.01,10 = 23.209

Xo.05,10 = 18.307

%o.1,10 = 15.987
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Table B.2: Auto-correlation Test, Ho: p =20

Share Eqgn P D-W Statistic Comment

Sl 0.2128 1.586 inconcliusive

S2 0.3051 1.34 inconclusive

53 0.3056 1.36 inconclusive

55 0.1686 1.64 inconclusive

SY -0.1901 2.35 no autocorrelation
d=2(1l-p) Testing for positive autocorrelation; ifd < d,,

reject Ho, if d 2z d,, do not reject Ho, and if d, < d < d,, test is

inconclusive.

CR  d, 4,

1% 0.821 1.836
2.5% 0.911 1.945
5% 0.991 2.041
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The only sure way of solving autocorrelation problem, if at
all it is significant, is by increasing the sample size to allow
for more season variation. Though the estimates are unbiased, they
are inefficient over time as the error is embedded in the estimated
parameters, whose variances are underestimated if the OLS is
applied.

Sources of autocorrelation
-Omission of important variables,

-Mis-specification of the mathematical form of the model
-Extrapolation/generation of data from the available for missing
observations, or

-mis-specification of the true error term u.

Table B.3 Negative Semi-Definite Test Results

Main Diagonal Elements of the Hessian matrix

92logc _ 2By, 2(0.036)
= 1-1 = 2\W0-U20) g g 39y = - .
3w, dur " (1-logw,) YT (1-6.32) 0.0002

2
d2logC - p;z (1-logw,) = w(1—9.70)

= - 0.0004

ow,dw, w2 2158.4 0.000

Flogc _ 2Pi; 2(0.129)

= 1-1 = 2212227/ (1-5.04) = - 0.0057

oy > (1-logw,) 18075 ( 04) 0.005

3

FEc 2P, 2(0.008) -
= 1-1o = 2 22080 (1-7.69) = -2.6x10°%

Ow, 0w, w2 ( g 1) 4034.6 ( ) 6x10

#logc _ 2Bss 2(0.169)
. 1-1 - 210.169) (1 g 35) = -0,
Sw,Ow, W (1-logws) 2757.3 ) = -0.0005

68



APPENDIX C: QUESTIONNATIRE AND DATA SET

(I). THE FARMER QUESTIONNAIRE

(b) For long have you been farming?................

(c) what crops do YOU GIOW. .. v v v i it i i i i i

................................................

...............................................

...............................................

(b) How much tobacco is usually produced?..........
" " " " i sold?. ............
(c) To whom do you sell the tobacco?...............

...............................................

3. PRODUCTION AND SALES OF TOBACCO

Year Area(Ha) Qutput (kg) Selling Price

1990/91
1991/92

1992,/93
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INPUTS

(i) FERTILIZERS

YEAR TYPE QUANTITY UNIT PRICE

1990,91
1991/92

1992/93

(ii) TOBACCO SEED

YEAR QUANTITY UNIT PRICE TOTAL EXPENDITURE

1990,/91
1991/92
1992/93
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(iii) HERBICIDES/PESTICIDES

YEAR Quantity UNIT PRICE TOTAL EXPENDITURE

1990,/91
1991/92

1992/93

(iv) MACHINERY/TRACTOR HIRE

YEAR AMOUNT RENTAL FEE TOTAL EXPENDITURE

1990,/91
1991,/92

1992/93
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(v) LABOUR

YEAR No. of WORKERS

WAGE RATE

TOTAL BILL

1990,/91
1991,/92

1992,/93

(vy OTHER INPUTS (specify)

YEAR QUANTITY

UNIT PRICE

TOTAL EXPENDITURE

1990/91
1991/92

1992/93
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5. (a) How do you determine how much of the other crops to

..................................................

..................................................

..................................................

(c) MAIZE OUTPUT

YEAR AREA OUTPUT

1990,/91
1991,/92

1992,/93

"Thank you very much for your time angd the invaluable information.

The information will be treated as strictly confidential.
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(IT). THE POOLED CROSS-SECTION/TIME-SERIES DATA FROM ZAMBIAN

TOBACCO FARMERS FOR THE 1990/91-93 CROP SEASONS

Tablie C.1: Tobacco Output

Farmer Season Price(ZK) Output(kg) Size of Farm(Ha)
1. 1 190.8 68,000 2,500

2 357.2 63,000 2,500
2. 2 156 8,000 1,500

3 799 3,400 1,500
3. 2 142 4,000 104

3 164.5 6,500 104
4. 2 385 7,000 80

3 526.4 6,000 80
5. 3 120 6,200 7,000
6. 2 300 7,000 300
7. 3 250 8,000 57
8. 3 90 5,000 1,200
9. 2 430 14,000 1,300

3 900 39,000 1,300
10. 2 320 1,000 250
11. 2 720 6,000 917
12. 3 250 218,000 273
13. 2 100 1,500 987

3 300 30,500 987
14. 2 400 12,900 20

3 350 11,000 20
15. 2 240 4,500 341

3 343.1 3,500 341
16. 2 250 12,013 1,600

3 500 24,000 1,600
17. 2 500 5,000 450

3 350 14,500 450
18. 3 352.5 28,000 1,322
19. 3 441.8 75,000 3,000
20, 2 500 4,000 271

3 400 7,400 271
21%, 1 400 2,000 209

2 350 5,000 209

3 300 5,000 209

4 200 6,000 209
22, 2 140 3,580 218

*: Data includes that of the 1989/90 season as well.
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Table C.2: Tobacco Seed

Farmer Season Price/gramme Quantity Bought{gms)
1. 1 400 200
_ 2 600 300
2. 2 80 100
3 138.4 30
3. 2 64 5,000
3 140 10,000
4, 2 40 175
3 120 175
5. 3 112 100
6. 2 100 20
7. 3 500 20
8. 3 400 40
9. 2 500 15
3 500 43
10. 2 4,166 108
11. 2 3,333 36
12. 3 500 600
13. 2 450 10
3 1,200 10
14. 2 200 50
3 1,400 50
15. 2 280 20
3 670 20
16. 2 750 100
3 870 100
17. 2 140 300
3 200 300
18. 3 2,500 10
19. 3 1,000 800
20. 2 250 30
3 2,500 30
21. 1 2,500 24
2 4,160 36
3 10,000 36
4 18,330 36
22, 2 1,330 18
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Table C.3: Machinery (or Tractor hire)

Farmer Season Rate/Ha Number of Hectares
1. 1 16,000 50
2 22,000 40
2. 2 33,000 5
3 50,000 3
3. 2 1,360 4
3 5,150 8
4. 2 3,000 7
3 5,000 7
5. 3 40,000 1
6. 2 18,000 10
7. 3 18,000 14
8. 3 50,000 4
9. 2 19,000 15
3 35,000 40
10. 2 10,000 2
11. 2 16,000 6
12. 3 20,000 273
13. 2 10,000 2
3 20,000 4
14. 2 25,000 8
3 50,000 10
15. 2 30,000 4
3 50,000 4
16. 2 7,500 i5
3 12,000 28
i7. 2 12,500 3
3 20,000 12
18. 3 20,000 20
19. 3 28,000 32
20. 2 20,000 5
3 50,000 6
21. 1 5,000 4
2 10,000 6
3 15,000 3
4 25,000 6
22. 2 11,500 3
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Table C.4: Labour

Farmer Season Rate/day* Number of Workers
1. 1 130 34
2 285 29
2. 2 125 16
3 178 12
3. 2 107 10
3 160 10
4. 2 90 25
3 178 25
5. 3 27 40
6. 2 200 15
7. 3 200 11
8. 3 250 20
9. 2 196 70
3 268 135
10. 2 45 12
11. 2 150 13
12 3 141 284
13. 2 107 10
3 285 10
14, 2 65 25
3 145 25
15. 2 120 18
3 160 18
16. 2 250 20
3 300 20
17. 2 150 45
3 280 45
18. 3 450 80
19. 3 280 50
20. 2 80 20
3 180 20
21. 1 30 12
2 150 15
3 300 15
4 300 15
22, 2 145 12

* There are twenty-six working days in a month on average. Although
the typical agricultural calendar is about eight months, tobacco
farmers’ calender is twelve months long.
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Table C.5: Chemicals

Farmer Season Price/litre Number of litres
1. 1 3,055 21
2 7,639 39
2. 2 7,000 1
3 9,000 1
3. 2 147 4
3 431 4
4. 2 2,000 7
3 4,000 7
5. 3 1,768 30
6. 2 250 20
7. 3 400 20
8. 3 3,000 80
9. 2 1,058 20
3 4,064 80
10. 2 1,220 20
11. 2 440 20
12 3 1,500 20
13. 2 1,580 1,316
3 3,160 3,000
14. 2 1,000 144
3 2,300 96
15, 2 3,000 2
3 1,500 2
16. 2 1,145 840
3 8,825 40
17. 2 660 108
3 972 180
18, 3 1,600 420
19, 3 6,600 30
20. 2 3,333 12
3 2,000 6
21. 1 9,500 10
2 9,500 10
3 20,000 10
4 20,000 10
22, 2 1,600 2
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Table C.6: TFertilizers

Farmer Season Price/50kg Bag Number of Bags
1. 1 4,500 550

2 8,000 450
2. 2 3,900 60

3 5,800 36
3. 2 5,870 52

3 5,870 132
4. 2 5,000 126

3 10,000 126
5. 3 4,200 14
6. 2 5,000 150
7. 3 8,000 210
8. 3 5,000 80
9. 2 3,800 2,500

3 7,040 3,000
10. 2 800 32
11. 2 800 102
12, 3 8,282 3,276
i3. 2 800 32

3 4,500 64
14. 2 3,500 200

3 7,000 200
15 2 3,000 68

3 4,000 68
16. 2 800 255

3 4,700 476
i7. 2 4,000 48

3 7,500 192
18. 3 5,200 350
19. 3 3,000 780
20. 2 4,000 196

3 7,000 120
21. 1 800 54

2 3,800 66

3 5,000 67

4 10,000 56
22, 2 800 42
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(III). TIME-SERIES DATA

Table C.7 Production and Price data for Virginia and Burley Tobacco

YEAR Weight(kgs) Price/kg Weight({kgs) Price/kg
1955 3,457,000 0.62

1956 4,589,000 0.57

1958 4,208,000 0.70

1959 3,078,000 0.64

19860 5,670,000 0.62

1961 5,745,000 0.61

1962 7:,340,000 0.64

1363 7,041,000 0.75

1964 10,985,000 0.51

1965 6,614,000 0.61

1966 6,580,000 0.67

1967 4,999,000 0.97

1968 6,292,000 0.67

1969 5,033,000 0.78

1970 4,805,000 0.65 255,000 6.56
1971 6,248,000 0.69 389,000 0.56
1972 5,544,000 0.75 385,000 0.57
1973 6,236,000 0.88 471,000 0.61
1974 6,214,000 0.90 430,000 0.88
1975 6,480,000 0.81 502,000 0.97
1976 6,236,000 1.00 312,000

1977 5,588,000 0.98 264,000

1978 3,703,000 1.29 259,000

1979 4,590,000 1.51 380,000

1980 4,126,000 1.57 554,000

1981 2,350,000 3.58 664,000

1982 1,868,000 2.40 703,000

1983 2,337,000 2.67 536,000

1984 2,620,000 2.80 500,959

1985 2,194,000 3.45 565,830 1.65
1986 2,978,000 11.00 615,504 5.00
1987 2,955,000 19.90 650,976 8.78
1988 3,738,000 25.72 610,208 12.46
1989 3,249,000 28.50 1,016,407 17 .44
1990 2,927,000 84.49 1,553,099 71.00
1991 3,525,000 194 .49 1,798,678 161.00
1992 3,006,000 342.00 337,068 380.00(West of
Luangwa)

Source: NATCO
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Table C.8 Producer Prices For Tobacco (1970-1990)

YEAR Virginia Burley
1970 0.81 0.56
1971 0.81 0.56
1972 0.88 0.57
1973 0.88 0.62
1974 0.96 0.88
1975 0.84 0.97
1976 0.97 1.01
1977 1.10 1.06
1978 1.45 1.10
1979 1.51 1.11
1980 1.57 1.25
1981 1.65 1.26
1982 2.40 1.56
1983 2.70 1.65
1984 2.80 1.80
1985 3.45 2.30
1986 5.12 3.50
1987 6.25 5.10
1988 14.00 9.00
1989 14 .40 12.00
1990 60.00 48.00

Source: Ministry of Agriculture
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Table C.9: Virginnia Tobacco: Price, Area, Output, and Sales
(1950-1970)

YEAR Price/lb Acres 000 lbs K'0Q00 Uus $ 000
1950 14,574 6,171

1951 2,835 10,698

1952 23,535 9,779

1953 21,779 10,779

1954 14,610 7,885

1955 13,550 7,606

1956 14,870 10,096

1957 12,100 9,257

1958 12,860 6,773

1959 13,870 12,628

1960 0.28 14,830 12,470 3,492 4,990
1961 0.28 16,950 14,840 4,155 5,940
1962 0.29 16,870 16,150 4,684 6,6990
1963 0.34 20,390 15,490 5,267 7,520
1964 0.23 25,110 24,170 5,559 7,940
1965 0.27 16,250 14,550 3,928 5,612
1966 0.31 16,970 14,570 4,517 6,453
1967 0.44 11,340 10,720 4,717 6,759
1968 0.31 14,640 13,850 4,294 6,130
1969 0.35 14,200 11,070 3,904 5,465
1970 0.28 13,500 10,600 3,000 4,200

Source: Family Farming Tobacco Proiject: Zambian Government
(Tobacco Board Of Zambia, July 1971).
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