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Ahsf nact

This study investigated the irnpact of lising procìuction costs on wheat procluction

in zanbiu Since the study, among others, aimecl àt corning up with policy

l'ecolnlnendations to boost wheat output, ernphasis was placecl on the behaviour of wheat

farmers viz-á,-viz changes in the ploduction costs.

To achieve the study objectives, a translog cost-function was specifiecl ancl, fi'om

it, factor clemancls and estirnated factor shares were derived. Because of clata limitations,

only land was incluclecl in the rnodel as a quasi-fixed input. Othel fixecl inputs like

rnachinely, buildings, etc. were not.

With the assumption of plofit rnaxirnization invokecl, ancl given a tlanslog cost-

function, an output-supply equation was clerived and tested as to whether that equation

shoulcl be included in the share equations. The test was rejected at 5 percent significance

level. An altemative output-supply equation was thus specifiecl ancl estirnatecl to cletennine

the irnpact of wheat plocluct plice ancl variable factol prices on wheat output.

The properties of linear homogeneity and cross-price resûictions of the cost-

function were both not lejectecl at 5 percent significance level. Though negative semi-

clefiniteness of the Hessian rnaffix was not tested, the results tend to suggest that wheat

ploducer behaviour is consistent with cost rninirnization. V/ith the exception of fuel for-

falm machinely, the results showed that, at the very least, farmers clo not recluce factor-

usage clespite increases ill variable factor prices. Also, results frorn the output-supply

equation showed that there is a lagged effect of wheat price on output-supply. Neither was

oufput adversely affectecl by increases in ploduction costs. Increases in the output price

1il



seems to have been sufficiently high to off-set the irnpact of rising variable factor prices

on wheat output. While wheat price hacl a statistically significant influence on output, the

factor prices, either inclividually or jointly clicl not.

Although wheat plice had a sigr-rificant and positive influence on output, output-

supply was not lesponsive to procluct plice changes but to changes in hectarage. The price

elasticity of supply was 0.084 while the hectarage elasticity was 1.03 .

In terms of policy folrnulation, the conclusions clrawn fi'om the lesults suggest that

governrlent need not provide subsidies on variable inputs as long as wheat price is

sufficiently high. However, government policy shoulcl facilitate entry into the inclustry.

1V
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CHAPTER 1

{NT'ROÐ{JCT[ON

n.l Genenal ()verview

This stucly investigates the irnpact of rising costs of plocluction on wheat output

in Zanbia. It is expected that the study will provicle importanr insights into policy

formulation and irnpletnentation il Zatnt¡iais to attain the goal of self-sufficiency in wheat

products.

Although wheat products do not constitute staple foocls for the vast major-ity of

Zatnbia's 8.02 rnillion people, they nonetheless constitute a significant proportion in the

diets of most people, especially urban consutners. The fast food inclustry-selling

harnburgers, hot-dogs, etc.-is rapidly expanding as most employees in the urban setting

find it more convenient to cot'tsume fast foocls during working hours than to consulre

traditionai foocl-stuffs. In terms of agricultural activity, wheat is emelging as one of the

clominant crops among the large scale comrner-cial farmers.

The Governtnent's objective for the wheat sub-sector calls for self-sufficiency in

wheat to save the nation much neecled foreign exchange fi'orn wheat irnports. To this encl,

various policies airned at facilitating the increase in its procluction have been acloptecl.

In recent years, production costs, not only in the wheat sub-sector but in the

aglicultulai sector as a whole have been lising. Plices fol all procluction inputs have risen

drastically. For instance, the real plice of arnnoniurn nitrate fertlltzer rose from ZKj5.00

in 1986 to 2K257.56 per ronne in 1991.



The rise in the cost of procluction is a direct reflection of the high inflation rate

in the economy. The inflation rate lose fi'om 54.5 percent per annuûr in 1986 to 93.8

percent in 1991r. Intelest rate on borrowecl rnoney has also been lising. For instance, in

1985, the annual rate on agricultural loans was 23.5 percent. It lose to 33 pelcent per

anrìurn by 1989; 43 percent by 1990; and by the encl of 1991, it hacl risen to 53 per-cent

peL annum.t

Another factor affecting the costs of procluction is the exchange rate between the

Zambian cun'ency, the kwacha (ZK), and the U.S. dollar viz-á-viz other harcl currencies.

Between 1964 and 7982,the exchange rate fluctuatecl betweenZK0.6434 to U.S.$1.00 ancl

2K0.9304 to U.S.$1.00. In 1983, the kwacha was clevaluecl such that ZKI.Z5 was

equivaler-rt to U.S.$1.00, and by October' 1985, U.S.$1.00 was equivalent to ZK2.Z5. Due

to persistent shortages of foreign exchange, a system of auctioning foreign exchange was

introcluced in October 1985. This caused an accelelation in the clepreciation of the

kwacha. Within 18 rnonths of auctioning, the kwacha clepreciated to 2K2L00 per-U.S.

clollar. The auctioning of foleign exchange was then cliscontinuecl ancl the kwacha was

levaluecl ternporarily. Later, a series of devaluations followed. By Malch 1992, U.S.$; 1.00

was equivalent to 2K125.00.

' Sourt:e: Cenual Statistical Ofñce: Selectecl Indicators,

2 lbicl.

1964-r99r



X..2 Fnohtrern StaternenÉ

The factols outlined above have a direct bealing on agricultule in genelal ancl on

wheatproduction in palticular. Creclit is a critical input in theZambian falrning system.

A rise in the cost of borlowing money for falming purposes directly raises the cost of

production. Also, a significant proportion of procluction inputs have an import colnponerìt.

About two-thirds of the fertilizers used are imported, ancl so ale most of the chemicals.

Virtually all rnachinery is irnported. Thus, clevaluation of the local cuuency against the

U.S. dollar clirectly raises the cost of procluction as changes in the exchange ïate are

reflected in changes in dornestic price levels of the factors of procluctiorr. Therefore, as

production costs change, thele is need to know both the direction and the rnagnitucle of

the wheat faltnets' responses to such changes. This requires analyses of proclucels'

behaviour. Klowledge of proclucers' behaviour woulcl greatly benefit the agricultural

plannels in developing and executing policies to raise wheat output, and hence attainrnent

of self-sufficiency in the producr.

tsackground on Wheat Froduction in Zambia

Comparecl to other rnajor crops like maize, cotton, sunflowers, ancl tobacco, wheat

ploduction is a relatively new activity in Zarnbian agriculture. The clop is entirely

proclucecl by large scale cornmelcial farrners3. This is due lalgely to the high cost of

3 Z¿unbian agriculture is composed of three distinguishable categories of f¿urners: small-scale farrners cultivate
Iess than ten hectares of land annually. Most of what they procluce is for clomestic consumption witl very little
surplus ftrr sale. Emetgent fanners cultivate zmywhere between 10 and 40 hect¿u'es of lancl. They use relatively
ilnproved production techniques as cornpared to srnall-scale farrners, ancl a significant proportion óf th"ir producl
is gezued for m¿u'ket. Lalge scale colnrnercial f¿urners are highly rnechanizecl. Area cultivated on inclividual farrns
ranges from 40 to severâl thousand hecfffes annually. Generally, all their prorluce is geared for rnarket.

n.3



procluction which prohibits procluction of the crop by small-scale and emergent fannels

(Kasalu ancl Johnson, 1988). Until the ear'ly 1970s, wheat production was almost non-

existent. In 1gl6,total output was only 4,000 metric tonnes (rnt)a nation-wide' Production

rose moclestly to 9,600 rnt by 1980. ThereafteL, a relativeiy sharp increase was

experiencecl such that by 1988, procluction reachecl 32'000 rnt' The increase in production

continued a¡cl by 1991, reachecl 60,000 mt' In teIffIS of acreage' area harvestecl has risen

frorn 3,700 hectares in f982to 1i,849 hectales in 1991' Nurnber of growers ' ateaplantecl

ancl production levels for the periocl 1986-1991 ale shown in appenclix B'

As of 19813, annual clornestic Consutnption of wheat was estitnated at 120'000 rnt'

Thisisthefigur.estillquoteclofficiallyclespitethefactthatthepopulationhasr.isetrfrom

T.53millioninlgSStoS.02millioninlggl.Thisisperhapsexplaineclbythefaotthat

governfftent bannecl wheat impolts with effect from 1988' This tnakes it clifficult to

cletennine how rnuch wheat woulcl be consumecl if it were r'eadily available'

up to 1988, the cleficit in wheat requirernents was rnet by irnports rnainly frorn the

UniteclStatesanclCanacla.BetweenIglgandlgS4'cornrnercialirnportsofwheat

averaged about 96,000 mt pel year (Kasalu, 1987). Figure 1 beiow shows wheat impolts

ancl clomestic procluction fo' the periocl lg71-ßgf' Note that no wheat has been

irnporteclsirrceigg0.ThisisbecauseGovetntnentwaspressureclbyfarrnerstobarrall

wheat irnports in 1988. Ancl it seems the policy became fully effective in 1990' The ban

was aimecl at promotit1g i¡creased clornestic pr'oduction of the crop aS irnports clepressed

t Source: Arutuul Ag,rit:uLmrul Stutisticul BuLIetÌn' 1982'

5 

'nport 
ancl production data were obained from FAo rrade Yearbook and Agricultural Statistics Bulletins

respectivelY.

4



æ
æ
o)

-+
oo
o)

U)ob
æQ)3-

(o
Þ-
O)

c\
>-
o)

O
O)
O)

(o
æ
O)

OOOOOOOOO
OOOOOOOõ
OOOOOOOõ
OOOOOOOõ(.o-+Nooo(o+ñ

rr

(r"+) uor+cnpord puD s+rodurl

O
O
O
O
oo
r

Irnports in Zambia: 1970-1991ancìFigure X Wheat procluctiori



the dornestic price' Thus, in view of the wheat irnport resfi-iction, there is urgent neecr to

drarnaticaiiy increase procluction if consurnel welfare is not to be cornpromisecl.

rn zatnbia' wheat is g'own uncler irrigation cluring the clry season-frorn early

May to septernber' As an irrigatecl crop, wheat has a high potential in most parts of the

counfi'y6' But presently, procluction is concenhated in southern ancl central parts of the

counÍy' This concenffation is attributecl to better infrastructure in these areas as comparecr

to the rest of the country' The rnain rail-line, roacls ancl the rnajor electricity supply lines

pass across this part of the country from the south to the copper- mines on the copperbelt

in the north.

The Goverrunent has been unclertaking measures to promote rain-fed wheat

production' so far, the lesults suggest that proclucing rain-fecl wheat is not econornically

viable' Average yielcls are very low. They range frorn 1 .5 to 2.0 mt per hectare. on the

other hancl, average yielcls for the irrigatecl crop range frorn 5 to 6 mt per hectare. In fact,

sorne farrners have reportecr yielcls as high as g.5 mt per hectareT.

Due to the fact that there exists r'ìo national watel master plan with systematic

balancing of water supplies ancl clernancls ancl cletailecl information on soils ancl their
suitability for wheats, it is 

'ot 
possible to give an exact picture of what wheat procluction

potential is in Zambia' However, the Mi'istry of Agriculture consiclers the pr.ocluctiorr

potential to be vast as aheacly inclicatecl. some stuclies contencl thatzanbia has ir.rigation

, ^..j. 
De¡rar-trnent of Agrìcultu-e, Cor

1987).

7 ibicl; ¿rlso responses frorn the suryey.

8 worlcl Bzurk, (ZiunbiÐ, 
, vol. 1, January,7992.
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potential of 12 million hectares (Lunclonclo, 1988). Of this, only 25,000 has been

cleveloped with 11,849 uncler wheat while the rest has been cleveloped for sugar-ca¡e

ploduction. In the satne vein, Kasalu ancl Johnson (1988) arguecl that "technically there

is vast production potential for wheat in Zatnbia. The soits ancl climate are generaily

suitable for wheat farrning ancl the country has vast uncler'-utilizecl water.resources which

can be used forirrigation" (Kasalu ancl Johnson, 1988). hl fact available statistics inclicate

that of the country's total land area of 75 rnillion hectares,42.4 million is available for

crop procluction. Currently, the cleared land area is about 14 million hectares of which

only an average of 2'l rnillion or 5 percent is cultivatecl annuallye. Water resources are

abundant too. It is estirnated that the counffy has 90 biltion litres of yearly run-off of

renewable water and 150 billion litres of water storage. Thus, the resoulce enclowrnent

required for increased wheat procluction exists.

The only crops that compete with wheat in tenns of procluctive resources like lancl

are potatoes ancl barley. However, they clo not constitute a significant propor-tion of crop

production in the sector. Maize cloes not compete with wheat as procluction seasons for

the two crops differ. Maize is grown cluring the rainy season (from micf Novernber. to

April) while wheat is grown during the dry season uncler irligation when ternperatuïes aïe

less suitable for maize.

Up to 1985, the govelnment's agricultural policies involvecl controlling proclucer-

prices of almost all agricultulal proclucts inclucling wheatl'. Wheat prices were cle-

e Soulce: Awrual A¡¡riculturul Stutisticql Bultetin. lgg9.

. - 
10 Ministry of Agriculture and water Developrnent, (July, 1986), Fourth National DeveloÞment pl¿¡. 1gg7-1991:Su¡nmary Reports



controlled thereafter while the rest rernainecl controllecl until 1990. In most cases, pr-ices

were arguably not high enough to incluce increasecl procluction. The r-ationale for

corrtrollingploducerpriceswaStotnakefooclafforclabletourban

whose effects rnay have been adverse to the agricultural sector as a whole as it clicl not

encourage new investments in the sectol'. However, for wheat ancl soybeans, pr.ices

seetned generally sufficiently high because wheat and soybeans proclucts were not

consiclered to be staple foods (or necessities). Even after wheat price clecontrol in 1985,

Government still set flool prices so as to ensure that fanners got a reasonable price. The

end result of this pricing poiicy was arguabiy that most commercial fanners shiftecl their

plocluction pattelns from other crops to wheat and soybeans. Partly clue to the realization

that plice controls were hurting both consurner's (clue to the resultant foocl shortages) ancl

proclucers; ancl partly clue to strong pressure from the farrners' lobby group, the Govern-

ment de-controllecl all agr'icultural proclucer prices in 1990. At the sarne time, the

rnonopoly in the rnarketing of agricultural produce enjoyed by govelnrnent maïketing

boarcls was clistnantled so as to allow pr'ivate agents to engage in the rnarketing of

agricultural proclucts.



n,.4 ()b.iecûives arrd F{ypoûheses

n.A.n. (}h.iectives

This study investigates the irnpact of rising vadabre costs of procluction on wheat

output. The rnajor objectives therefore are:

(i)' To detennine the irnpact of changes in variable production costs on wheat fauners,

behaviour.

(ii)' To detennine the irnpact of variabre factor prices on wheat output.

(iii)' To determine fannets'response in terms of ouþut-supply to changes in wheatprice.

(iv)' And lastly, to suggest policy irnplications of the stucry to boost wheat output.

1.4.2. F{ypotheses

To achieve the objectives outlinecl above, several hypotheses regarcling wheat

farmers' behaviour will be testecr. The hypotheses to be tested are as folrows:

(i)' The first hypothesis is that fatmer behaviour cloes approximate cost rninimi zation.

(ii)' The seconcl hypothesis is that the high inflation as weil as low exchange rates, ancl

thelefo'e the high input prices that they entail have lirnitecl increases ir.r wheat pr.ocluction.

That is' we shall test whether variable factor plices inclivicÌually or jointly have significant

influence on wheat output.

(iii)' Lastly' we shall test the hypothesis that wheat price has a significant ancr favourabre

influence on output. The result of this hypothesis test will reveal as to whether wheat

price can be usecl as an instrument to influence output.



X.5 Scope and Organizatior¡ of the Study

This stucly focuses on wheat plocluction in Zatnbia with a view of considering

policy Lecomrnenclatiolts that will facilitate the increase in its procluction. As has aheacly

been indicated, the government's policy objective in the wheat sub-seotor.is to atøin self-

sufficiency in wheat. To achieve this objective, the government has unclertaken several

ffleasures inclucling the ban on wheat impolts. HoweveL, expansion of wheat output may

not be easy because of the large ancl fi'equent increases in input prices. Thus, the neecl for

a stucly that will provide insights into economics of wheat pr-ocluction.

To achieve the objective of the stucly, input demand functions, derivecl from a

given cost function, will be estirnatecl. Fol policy purposes, elasticities will be calculatecl

frorn the estimatecl paratneters. Also, to enable evaluation of the irnpact of the procluct

price on wheat ouþut, an output-supply function will be specifiecl ancl estimatecl. Thus,

the ernpirical moclel will make use of both the cost-function ancl oufput-supply

apploaches. In the event that these approaches fail to give results which reasonably

approxirnate actual conclitions, an accounting approach wiii be unclertaken.

The thesis is organized into six chapters. Chapter two leviews the literature that

is relevant to the study. The theoretical framework within which the investigation will be

conclucted is presentecl in chapter thÏee. This inclucles the specification of the ernpirical

rnodel to be usecl in the analysis. Chaptel four is a discussion of how clata was collectecl

as well as the arialytical ploceclules. Ernpirical estirnations of the moclel, analysis of the

results' conclusions drawn ancl policy recomnenclations ale presentecl in chapter five. The

suûì1nary, lilnitations of the study ancl scope fol further lesearch follow in chapter- six.
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CF{APTER. 2

R.ÐVåÐW tF å,ãT'ÐR.&?'äjRH,

Perhaps because it is lelatively a new crop, there exists little literature on the

economics of wheat production in Zanbia. Most stuclies on Zanbiatt agriculture have

focusecl on maize production as if agriculture was syrlorlymous with tnaize procluction.

Mwape (1988) cornpleted a study whose principal objective was to cletelmine the

relative technical, price and economic efficiencies of emelgent ancl comrnercial farmers.

His focus was olt the rnaize crop. To test for the relative economic efficiency of the two

farmel groups, he specifiecl and estirnated a profit function, ancl a variable input dernancl

funotion. The lesults showed that thele was no significant diffelence in the economic

efficiency of the two fanner groups.

Muntanga (1984) analyzed the uniform pricing systeln for rnaize by compaling it

to the free tnarket pricing system. He deterrnined "the regional optirnal flow of tnaize and

theil conesponcìing equilibriurn price differentials so as to judge whether the unifonn

pricing system was efficient or not." His firidings were that the unifonn pricing systern

was highly inefficient. Some regions were not economically feasible for the massive

procluction of the clop that existecl at that time.

There are many other'stuclies whose prirne focus is maize. They have been clone

by both acaclernicians and planners in the Ministry of Agriculture. The reasons for paying

clisploportionately rnore attention to tnaize range frorn arguments relatecl to clata

availability to arguments like "trtaize is the stapio food for the rnajority of Zambians".

11



Truly tnaize is the staple foocl, but its agricultural importance is clirninishing both i¡

relative and absolute terms. While its procluction volume has either ¡emainecl constant or

even fallen (due to pelsistent droughts) in the last clecacle, the procluction of other crops

like soybeans ancl wheat has been on a steacly increase. For instance, while wheat output

increasecl more than five folds in a little ovel a clecacle, yeally tnaizeprocluction fluctuatecl

between 120,000 mt and 1.1 rnillion rnt cluring the 1976-1987 periocl. Only in 1988 ciicl

it reach 1.9 million mt. However, in 1991, it clroppecl to 360,000 rnt; ancl in 1992, clue to

a severe drought, it was expected to be as low as 180,000 mt or even less. In spite of this,

only a few stuclies have attempted to focus on other crops like wheat or soybeans.

One rnajor study on wheat is that done by Kasalu (1987). Kasalu investigatecl the

efficiency of wheat procluction in Zambia using a cost-benefit anaiysis approach. She

analyzed three model falms representing three different mocles of plocluction for the 1985

crop year. These wete "estate cooperation, irrigatecl corunercial and rain-fecl commelcial

production categories". The rnodel estate cooperation farrn is jointly ownecl by the

Zanbian govet"nment which finances local capital as well as other inputs ancl for.eign

investors who finance foreign capital inputs. The other two categories ale purely privately

owned and tnust secure financing, local and foreign, on theil own. Note that the

procluction techniques between what Kasalu clefined as estate cooperation ancl irrigatecl

comlnelcial farrn are the same. They both procluce wheat under irrigation. The only

clifference is the cornposition of fann ownership.

Kasalu also exarnined the foreign exchange costs ancl the economic viability of

producing wheat locally as opposed to irnporting it. Her conclusions were that it was
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financially and econolnically feasible to grow wheat using the estate cooperation category

and thatit also made efficient use of Zambia's lirnitecl national resources. In compar-ison,

the irrigatecl comlnercial category was financially profitable but not quite econornically

feasible, and inefficiently used the country's resources. The rain-fecl category was neither

financially nor econornically viable at the then yielcl levels. She further observecl that,

although all three categories saved foreign exchange by proclucing wheat locally, only the

estate cooperation category resulted in economic ancl financial savings over importecl

wheat. She recomrnended that govelnment shoulcl plomote estate cooperation plocluction

as opposed to inigatecl wheat colnmercial pr.oduction.

One area of diffelence between the cunent study anci Kasalu's stucly is the

analytical proceclure used. Using the cost-benefit analysis approach, a project is assessecl

positively if the benefits exceed the costs (Stone, 1982), ancl conversely if the costs a¡e

greater than the benefits. But what can be problernatic with this approach is a situation

where during the tirne period in which the project is being considered, the costs exceecl

the benefits and the project is viewed negatively. Yet, in the long-run, the benefits woulcl

exceecl the costs due to the economies of scale resulting frorn acloption of more efficient

ploduction technologies which shift the procluction function outwar-cls. But clepencling o'

the cost-benefit ratio above or below one, such a project woulcl be rejected because the

potential for futule benefits could not be foreseen at the tilne. As Tomek ancl Robinson

(1990) observecl, changes in aggregate farm ouÞut overtirne have been associatecl rnai¡ly

with shifts in the production function. But this phenomenon cloes not seem to be

accommoclatecl by this approach.
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Also, using a cost-benefit analysis approach does not facilitate the analysis of

decision rnaking behavioul of producels. All this tencls to leacl to the conclusion that the

conclusions ancl lecolrmenclations derived frorn cost-benefit analysis rnay be rnisleacling

as fal as assessfitent of potential benefits of certain projects are concernecl.

One stucly reviewecl despite it being conclucted in an envirorunental setting

different fi'om the cunent study is that done by Sidhu ancl Baanante (1981). Sicthu ancl

Baanante's study usecl farm-level clata to estimate input clernancl ancÌ wheat supply in the

Inclian Punjab. They used a nonnalizecl, restricted, translog profit function. The flexibility

afforcled by the tlanslog plofit forrnulation allowed the exogenous valiables to procluce

different irnpacts across input dernand functions. Policy-r'elevant elasticity estimates with

respect to variable inputs ancl output prices, tixed inputs, and other variables usually

considered constraints to fann production were obtained. They found that all fixecl inputs

appearecl to be irnportant in influencing wheat suppty.

Sidhu and Baanante's study is sirnilar to the cunent stucly in that the current stucly

uses clisaggregated farrn-level data. The two cliffel in that the current stucly is over a foul

year time peliod. That used by the forrner was over a one year tilne periocl. Also, both

studies obtain elasticity estimates that will enable the development of policies which coulcl

leacl to a lapicl increase in wheat production. Thus, the stucly benefittecl a greatcleal from

Sidhu and Baanante's study in terms of developing an appropriate ernpirical moclel.
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3.0 Eackground

There exists a great deal of iitelature in rnicroeconomic theory which can provide

a framework within which investigations of the problern for this stucly can be conducted.

HoweveL, data avallability considerations consffain the choices that are feasible.

A more traclitional approach would be to specify a production function ancl derive

factor dernancl and output supply responses from the first-order-conditions' But this

appr-oach has several rnajol clrawbacks. To clerive factor derrancls and output supply

ïesponses, one has to solve complex systems of first-orcler-conditions. But for many

functio¡al forrns, this cannot be analytically done (Lopez, 1982). The need to impose

rnore resffictive conclitions on the estirnating equations is yet another unattractive feature

of the procluction function approach. Depencling on the functional form used, restrictions

on the values of the elasticities of substitution etc. have to be irnposecl (Lopez,l982).

Sorne other unatffactive features of the procluction function approach have to clo

with imprecise estimates if input dernancls ate co-linear; and the difficuities in calculating

partial elasticities of substitution (Pope, 1982) if one wished to detennine the clegree of

substitution within inputs if lelative factol prices change.

To a lalge extent, these ploblems have been resolved with the advent of duality

theoly which has becorne popular in microeconornic theory during the last two clecades'
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The dual approach, coupled with the flexibility afforclecl by sorne functional fonns (Siclhu

and Baanante, 1981; Pope, 1982), usually is easiel to apply, tikely rnore flexible in

rneasul'errent, ancl able to conveniently analyze rnore problems while at the same time

ensuring consistency with say, the hypothesis of cornpetitive cost minimization in the case

where the cost function is being used (McFaclclen, 1918). For instance, if one wishecl to

determine the partial elasticity of substitution, for the prirnal apploach, it is cleterrninecl

by the folmula

orr= Ð! v.f..

-11

-1
t j jt (1)

inj

and for the clual approach, it is

o, r= c cr.
C¡Cj JJ

whele H-t,,.,, is the i-j element of the inverse of the

{f(x)}; and

- à¿r-,r ?.,<Fn t

(2)

hessian of the ploduction function

^ - àc ò2c
Ç..-- , l,,i-_-t -dp, ' -)t @þp,

(3)

Folmula (2) is rnuch easiel to apply as we clo not neecl to go through the teclious pïocess

of calculating the elements of the inverse of the hessian of the procluction function. All

we need to know are the cost and the relevant pr-ices.

Since wheat production sÍucture at the fann level is being stucliecl, there will be

need to detennine the Allen partial elasticities of substitution between inputs; pr-ice

elasticities of factor dernands; and wheat output responses with respect to procluct ancl
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factol prices. Thus, a system of factor share equations and an output-supply equation will

be estirnatecl in this study. Pararnetel estimates frorn the factor share equations will permit

calculation of elasticities of substitution and of factor demancls. The output-supply

function will pelrnit determination of supply responses with respect to output price as

well as variable factor plices.

It should be rnentioned that unlike the cost function, the plofit function irnposes

a strong behaviourial assurnption regarding ploducers' objectives. The assurnption of

profit maxilnization by producers generally is not as likely in the real worlcl situation as

is the assumption of cost rninimization implied by the cost function. Thus, the cost-

functionrr, and hence the factor shares that will be clerived, constitutes the rnajor aspect

of the rnodel that will be used in this study.

3.1 The Cost Function

In the sirnplest terrìs, Jorgenson (i986) clefined the cost function as the minitnum

of the surn of expenditures on all inputs expressed as a function of the level of output and

the plice of all inputs.

For pulposes of discussion of the cost function, hypothesize a representative filrn

(wheat fann) producing a single output Í accolding to the usual assumed concave

plocluction functior-t

r1 Fuss and McFadden (1978) observed that the "subsequent work
Christensen, Jorgenson and Lau (1911), and others have established the

basic tool in econornet¡ic producfion analysis".

by McF.rdden 096Ð, Diewert (1969a,b),

use of du¿rl cost and profit functions as ¿r
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Y=f (X)

whele x=f (xt, . .' rxn) . X clenotes the input vector.'We assurne that the fir-rn is a pdce

t¿tker in n factor rnalkets. The existence of zero prices is rulecl out. Thus, at the pr-ofit

maxitnizing level of output Y and factor prices W, the finn is solving a cost rninimization

ploblern

min. c (w, y) =Ð rrr, s. t. f (X) >y

where W is a vector of str'ictly positive input prices; ancl X and Y are as earlier clefi¡ecl.

Equation (5) defines the cost function, and as can be seen, the rninimum cost,

C. = c(W,Y) clepends on the levels of input prices (l{z) ancl output (Ð, as well as on the

production function. The relation between the minimum cost C. ancl parameters (W,n,

conclitional on the firm's particular production function can in theory be traced out by

solving (5) using clifferent values of W, ancl I/.

3.2 Froperties of the Cost Functior¡

The cost function exhibits certain properties which are of interest in ernpirical

research in the sense that some of these properties can be testecl to deterrnine proclucers,

behaviour. The properties which ale of relevance to this stucly will be briefly outli¡ed

here without any proof. Varian (1992), ancl Chambers (1991) provicle pr.oofs for these

properties.

1. c(w,Y) > 0 for w > 0 andy > 0. This sirnply rneans thatthe cost

function is non-negative in factor prices as it is not possible to procluce a

(4)

(s)
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positive output at zero cost.

2. rf w > w, then c¡w , v I > c(w, r). what is meant here is that the cost

function is non-decleasing in factor plices. Increasing any input price rnust

not decrease cost.

3. The cost function is concave and continuous in I4l. The concavity of the

cost function follows solely frorn the hypothesis of cost-rninirnization ancl

it has these implications: (a) the cross-plice effects are syrnmetric; and (b)

the own price effects ate negative.

4. c(tw,Y) = tc(w,Y), for f > 0. This irnplies that the cost funcrion is

positively linearly homogeneous. As long as input prices vary

proportionately, the cost-minimizing choice of inputs will not vary. Put

differently, only relative prices matter to economically optirnizing agents.

5.rf Y > l, the' c(w,Y) > c(w, f. rrris means that the funcrion is non-

decreasing in I/. That is, increasing output cannot clecrease the costs.

Plopelties 1,2, 5, ancl more especially 4 are of great significance in this stucly in the

sense that they can be tested to cletermine whether the wheat fanneLs' behaviour is

consistent with cost rninirnization. Property 3 not only facilitates the cletelmination of the

fattners' behaviour but also facilitates the estimation of a systern of share equations with

relatively srnall sarnple sizes without necessarily risking clegrees of freedorn pr-oblerns.

Note that thele is a gain in degrees of ft'eeclorn when a system of equations with the same

explanatory variables is estimated with sylnmehjc conclitions irnposecl.

There is one additional property of the cost function which is of critical
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irnportance in applied research. And it is no exception in this study. This has to do with

the application of the Shephard's lemma given a clifferentiable cost function. euoti¡g

Charnbers (1991), "If the cost function is clifferentiable inW, then thele exists a unique

vector of cost-minirnizing clernands that is equal to the graclientof c(W,Y) in I4l. That is,

if x,(W,Y) is the i'r', unique cost-rninimizing clernancl, then

x, (w, y¡ = ò c (,w, v)
' dWt

which is the Shephard's letnrna."

The cost function approach is one possible approach in ernpirical work of the type

undertaken in this study. The assurnption that proclucers are rninirnizing costs is a¡

assumption genelally acceptable among researchels. Froln application of the cost function

approach the elasticities of substitution among inputs ar'e reaclily cleterminable as are

producers' responses to changes in relative factor prices.

HoweveL, the apploach has several limitations. It assumes that output is fixecl frorn

the proclucers' point of view. Thus, output levels are not affectecl by factor price changes

and, thus, the indirect-effect of factor price changes on factor dernancls ale ignorecl

(Lopez,1982). Also, by including output as an explanatory variable, the econometric

problern of simultaneous equation bias rnay arise if output levels were not exogenous.

And lastly, the ploduct price cloes not enter the cost function ancl hence its effect on

output is ignored.

It shoulcl however be tnentioned that problerns not acldlessecl by the cost function

approach can be resolvecl by the acloption of the profit function approach though this

(6)
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would require a lnuch stronger behaviourial assurnption of profit tnaximization by

pÏoclucers as has aiready been inclicatecl. As Lopez notes, this assurnption "rnay be

substantially tnore difficult to suppolt in agriculture than sirnple cost minimizatio'

because of risk related ploblerns which are rnainly relatecl to the variability of output

yielcls and plice lather than to costs of procluction". But if profit rnaxirnization is

supported by the data, then simultaneous equation bias is avoiclecl, ancl output supply

responses can be jointly estimatecl with the factor delnancl equations (Lopez,19g5). Thus,

the advantage afforded by the profit function approach is that factor dernancls estirnatecl

using a profit function framework facilitate the cletennination of input substitution ancl

output scale effects of factor price changes as well as the cletermination of the cross

effects of oufput price changes on factor demancl plus ouþut supply responses ancl theù.

cross price effects.

3.4 Model Specification

This study utilizes a dual rather than a plirnal function. The r¡otivation for

adopting a dual approach emanates frorn the following consiclerations.

Firstly, the data base in Zanbia genelally is not good enough for some of the

variables that rnay have to be included if a clirect function were to be estirnatecl. As witt

be seen ir1 the next section of this chapter, clata on fixecl inputs were ver-y lirnited. This

would lead to a bias in econornetlic resuits if a plocluction function appr-oach wele to be

adopted as variable factor inputs ancl levels of fixed inputs are expectecl to be collinear.

But fol a clual function, valiable factor prices ate not expectecl to be collinear with levels
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of fixed inputs. As such, bias in economefiic results woulcl not be expectecl.

Secondly, the approach allows for more relaxecl assurnptions with r-egarcls to the

undellying technology. As Binswanger (1914) notes, "It is not necessary to irnpose

homogeneity of deglee one on the plocluction process to an'ive at estimation equatiorls.

Cost functions ale homogeneous in prices regalclless of the homogeneity properties of the

production function, because a cloubling of all prices will clouble the costs but will not

affect factor ratios".

Thirclly, theoretical propelties of cost functions are ffror'e reaclily tested in the

framework of dual functions.

And lastly, the dual approach eases estirnation problems too. For instance, if a

clirect production function is specifiecl ancl estimatecl, the valiables that are omittecl frorn

the econometric rnodel, but are observecl by the proclucers, influence both the er.ror ter.ms

ancl ploduction decisions but do not necessarily influence factor prices (Varian, lgg2).tz

If we estirnate a direct production function, we are rnuch rno¡e likely to face simultaneous

bias problems. Thelefore, to get efficient estimates, we shoulcl not estimate the procluction

function clirectly, but estirnate the factor clemancl functions ancl then infer the unclerlying

technological structure. We can see fi'om the foregoing why a clual, rather than a prirnal

approach is more appealing in this stucly.

r2 Also, B.T' Coyle's lecture notes for Forecastirtg qnd S¡ntulution (61.740) course.
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3.4.1 Ðenivatio¡r of Facton SÍrane Ðquations

An econornetric moclel of proclucer behaviour takes the fonn of a systern of

sirnultaneous equations detennining the clistributive shares of inputs (Jorge¡son, lgg6).

Measures of substitution give the lesponse of the clistributive shares to changes in input

prices. These ûìeasures are treatecl as unknown parameters to be estirnatecl.

Foilowing Lopez ancl Tung (1982), we assume that in the Zanbian wheat

procluction industry, there exists a twice clifferentiable procluction function which relates

the flow of output I to the services of inputs:

Y=f (X)

whele f is ouþut level; and X is a vector of inputs. Corresponcling to this productio¡

function is a dual cost function which reflects procluction technology, which in the general

fonn, is specified as

C=C(Y, W)

where C is the cost, ancl I4l is a vector of input prices.

To facilitate the analysis, a rnore flexible functional forrn is clesirable: flexible in

the sense that it itnposes no a priori restrictions on the Allen partial elasticities of

substitution, and can be interpretecl as a seconcl-orcler approxirnation to an ar.bitrary

differentiable cosr funcrion (Lopez and Tung, lgg}).

The Cobb-Douglas functional forrn irnposes serious ancl to some degree, unrealistic

restrictions on the procluction process (varian, 1gg2). The form clictates that the elasticity

of substitution between each pair of factors must be iclentically one. But there is no

(7)

(8)
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particular reason to irnpose such a restriction on apriori grounds.

The constant elasticity of substitution (CES) plocluction function places sornewhat

fewer restrictions as comparecl to the Cobb-Douglas functional fonn. However, it too has

its owrl shortcornings. Though it allows the elasticity of substitution between pairs of

factors to differ frorn unity, it forces the elasticities between each pair of factors to be the

sarne.

Although they can satisfy globally the concavity property irnpliecl by sratic

cornpetitive cost minirnization, normalizecl quadratic cost functions do not provide flexible

replesentations of production functions in the case of constant returns to scale (Coyle,

1989). This study thus utilizes the tlanslog cost function as it cloes not irnpose these

restrictions.

The translog cost function, in natural logarithrns (ln), takes the for.rn

t_ nc ( w, y) = a o*Ð, ort_., w r+ d, rrsr+ tÐ rÐ pr: rr. w rrnw,
*Ð, Fr"lnwi]nr+ B * (Inv¡ z

The a and B are the parameters while W, (or W) and I, a¡e as earlier clefinecl.

The conditional factor demands (6) are clerivecl by applying Shepharcl's lernma to

the cost function- These factot' clernancls ale not linear in the parameters, but we can

clerive from them factot' shares which are linear in parameters. The shares are

(e)

s, (w, v) = -!éi-=ø: *Ð Þ iirnw .*Fiolnr

for all i = 1,..., n wher.e

(10)
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Ð, ", 
(w,Y) =L (LL)

Sirlce .çr can be observed, equation (10) can be usecl to estimate the parameters of the

function, and hence the corresponcling procluction function. Since the shares are expressecl

as functions of prices and output, rnuch sirnpler estirnation methocls such as the

generarízed least squares (GLS) rnay be ernployecl (pope, lggz).

A well behaved cost function must be lineally homogeneous in factor prices. In

the context of the system of equations in (10), this r.equir-es that

Ðor=r ; IF,;=o ; fF:i=o (L2\

Ancl the closs-price resfiictions are given by

0', = F¡¡ (1_3)

Howevet, clue to data limitations, only lancl was incluclecl in the moclel as a quasi-

fixecl input. other fixed i'puts (K) like machinery, builclings erc. were not.

Despite not having the fixed inputs furcluclecl in the cletenninistic component of the

rnoclel, bias in the econometric lesults was not expected because fixecl inputs are often

viewed as predeterlninecl, ancl so, the covariance between output and the fixecl inputs is

small-that is corz (y, K) oO .

The translog cost function for this stucly was specifiecl as
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fnc(w,y) --ao+f . ør1nwr+B/-.ny+þollnn+l[, Ð, Ê:¡Inø'lnø,
*Ð, Êrr,lrwrLnv+j\uu{lnv¡z (14)

*Ð, [o Fi;lnørln Hr. +YrÐ, orrrn HoLnH,

The cr, p and ô are the parameters; H is the area plantecl uncler wheat; and W ,(or- l{u,) anct

I/ are as earlier defined.

The conditional factor demancls (6) are cledvecl by applying Shephard's lernma to

the cost-function- These factor cletnancls are not linear in the palameters but we can clerive

from thern factor shales which are linear in parameter-s. The shales are

w.x,
s¡ = -ä =a¡ *L¡ arrlnwi+Þ ¡uJny+õ ,InH (L5)

Here C is the total variable cost; ancl the factor shales are functions of the var-iab1e factor

input plices, output levels and area plantecl uncler wheat.

Equation ( 15) constitutes the system of equations for factor shar.es estirnatecl in this

study.

3.4.2. Specification of the Output-Suppty Ðquation

It was pointed out earlier that one of the limitations of the cost-function approach

is that it assumes that output is fixecl fi'om the proclucels' point of view. Thus, output

levels ale not affected by factor price changes. The plocluct price cloes not entel the

function either. Its effect on output is therefore ignorecl. As such, the stucly objective of

detertnining the proclucers' response in tenns of output supply to changes in output pr-ice

cannof be attainecl within the frarnework of the cost-function approach. Therefore, there
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Let

max'PY-C (W, K, y) (16)

be the profit function. K here is a quasi-fixecl input. Since the cost-function is translog,

and assuming plofit rnaximization, (output) Y is rnultipliecl to both sicles of the equation;

and then, the equation is clivicled by the cost (c) on both sicles to arrive at

is neecl to specify ancl

output-supply function

estimate an output-supply equation.

was derived follows.

The cliscussion on how lhe

(Lz¡

(18)

Total levenue (PY) dividecl by the total variable cost is a function of variable factor-

prices, oufput levels and hectarage uncler wheat. Equation (17) is the fir.st-or-cler conclition

of the plofit function in terms of the tlanslog cost-function. It is non-linear in y, so it

cannot easily be solved for Y, but it is easy to estimate. It was therefore testecl as to

whether it should be ilicluclecl with the factor share equations. How the test was concluctecl

is bliefly shown.

Equation (15) can be expressecl in a rnore explicit fonn as

PJ 
=u, * þ r, 1 rr,, + þ r rrnw.r+ B r, 1 n w., + þ " nrnw n+ B 

"r1 
n iø,

+Brolnw, +B""Jnt'*ô" f nH+e v

s r =dr + B' J nlø, + B, f nwr*^Þ,,, J n_rv, + þ, n 
J nw n+ B, u 

J nlrz,
+þ,,,J nw,,+8, 

"y+ 
ð,H+e,

:
so =ü. +Bo, Jnw, + þ,,.rLnwr-+þo.Jnw.+þ ooJnwn+þ,,r7nw,

+þ,,,, I nw,,+B, 
"f 

n l'+ õ,,Hir,,
nJ =or*þr,1.r, +Brrlnw; +B"r1nw, +B"rlnw, +B"_rlnnzu

+þ r,,J nw,,+B 
""Jn 

r+ ð rJ nH+ e 
"
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whele s1, s2, s3, s4, s5 ancl s6 are cost shares for seecì-wheat, basal clressing fertilizers,

chemicals, top dressing fertilizels, labour ancl fuel for farrn machinery respectively.

Equations s, through s6 are the estimating factor shares in (15) while the last equatio¡ is

the output-supply equation-equation (17). Equations (15) ancl (17) were estimatecl

silnultaneously and the output coefficients in the share equations (15) were tested as to

whether they were equal to the corresponding coefficients in the supply equation (17).

The tests were 8,, ,=þr,; þrr=Frri Þr"=Frr; þor=þrnl ancl Br"=B"r. The equality between

Þ,,"=F",, was not testecl because the sixth shale equation was clroppecl out cluring

estilnation to avoid sirnultaneity. The test was rejectecl ancl it was thus concludecl that

equation (17) shoulcl not be includecl with the factor shares. Thus, an altemative supply

equation was specified.

Though agricultural economists often favour rnoclelling crop production decisions

in terms of acleage responses rather than output supplies (Coyle,1993), this study placecl

more emphasis on output-supply. The rnajor reasons being:- firstly, wheat i¡ Zarnbia is

an inigated crop ploduced cluring the dry season. As such, it is arguable that weather cloes

not cause much uncertainties regarding the desilecl ouþut levels since fanners know the

amount of water reserves that they have prior to planting. Ancl seconclly, the neecl to at

least have an approximation of the irnpact of wheat price on wheat oufput.

Since product-price (P) is not expected to be collinear with levels of fixecl inputs,

the covaliance between thern was expectecl to be approxirnately zero- that is

cov(P' K) = 0 . ln rnodelling the output-supply function, this conclition implies that
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Oufput-supply is thus a function of output price ancl variable factor prices nor-rnalized by

one of the factol pdces, and the area plantecl uncler wheat. The cr. are the ¡esponse

coefficients. This is the output-supply equation that was estimatecl in this stucly.

3.4.3 Acneage R.esponse Ðquations

Two equations were specified ancl estimatecljointly to cletermine the r-esponse of

hectarage to changes in wheat price. These equations were specified as follows:

l=oo*"rå*Ð, dr*, #.u",

Y--a,o+arfr .Ð, o r.r#*ð yH

H=..o*"r#o*Ð, o r.r#

G.e )

(20 )

and

(2t¡

In equation (20), ouþut level diviclecl by wheat hectarage is a function of the nonnalizecl

procluct ancl factor prìces as well as wheat hectarage. In equation (21), wheat hectar-age

is a function of normalizecl procluct ancl factor prices only. The pr-ice coefficient in

equation (21) inclicates the response of hectarage to changes in wheatproduct price.

29



3.5 Vaniable Ðefinitions

The variables included in the cost-function part of the rnoclel are expencliture

shales for seed-wheat (S,), basal dressing fertilizers (Sr), chemicals (Sr), top-clressing

fertiiizers (So), labour' (Ss), and fuel (Su) fol the clepenclent variables. The explanatory

variables ale input prices for seecl-wheat (W,), basal clressing fertilizers (Wr), chemicals

(wr), top-dressing fertilizers flMo), labour (wr) ancl fuel (wu). whe at hectara1e ancl

output-levels wele also includecl as explanatory variables. The variable inputs consicler-ecl

are the inputs that the Ministry of Agriculture as well as the Cornmercial Farmels

Bureaur3 consider to be the rnost irnportant in influencing wheat pr.ocluctio¡.

hi the output-supply function part of the moclel, oufput level (Y) is the clepencle¡t

v¿[iable while the normalized prices of wheat, seed-wheat, basal clressing fertilizers,

chemicals, top clressing fertilizers ancl labour as well as wheat hectarage ar-e the

explanatory variables. Pr'ices wer.e norrnalízed by fuel price.

t' The Comlnercial Farlners' Bureau is a lobbying organizzrtion for fzumers. of late, it has exerterJ a great ¿eal
of influence in sh.rping governrnent policy in the sector.



C{-{APTER 4

ÐAT"&,&NÐ,ANAÃ,YTK{, AL PR.&CÐÐëJR.Ð,

This chapter'discusses how data for the stucly was coilectecl. The other concern of

the chapter' is to desclibe the proceclure that will be usecl in the a¡alysis.

4.1.0 Ðata Collection and Ðescription

The study utilizes poolecl cross-section ancl tirne series clata. The clata set pertain

to thirty six farmels over a four year periocl-1988 to 1991. By using this kind of clata,

we assume that the economic agents are hornogeneous except for the cliffere¡ces ar.isi¡g

from other factors explicitly inffoclucecl in the moclel (Koutsoyiannis, 19g4).

As noted by Koutsoyiannis (1984), time selies clata are more appropriate o¡

theoretical glouncls for the estitnation of economic relationships. But in the absence of

time series data, one may have no choice but to resolt to pooiing cross section ancl time

series clata sets.

However, in rnany instances, rnodels estirnated using pooled clata give results that

ate superior to those estirnated using tirne series ol cross section clata alone. Besicles

giving the lesearcher a latge number of clata points which incleases the clegrees of

freedom, pooling cross section ancl tirne series clata may help recluce the collinearity

among explanatory variables (Hsio, 1986; Koutsoyiannis, 1984). This impr-oves the

efficiency of economehic estirnates. Also, aggregation bias is avoiclecl if var-iables like

expenditures across economic units ar-e incluclecl in the rnoclel.
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Most of the clata that were usecl in the study are pdrnary farrn level clata. The clata

were collectecl through a survey that was concluctecl among wheat fanners in Lusaka,

Mazabuka ancl Kabwe areas of Zanbia. Also, a few farmers in Nclola, Chorna,

Livingstone and Chipata ¿ueas clicl provicle clata. The whole exercise was clone over a two-

month periocl.

To facilitate the data collection process, a brief questionnaire was constructecl ancl

rnailed to fanners for them to complete and return. Also, some direct interviews were

conclucted to speed up the process.

The data farmers were askecl to plovicle over the perÌod 1987 to 1991 pertai¡ecl

to input quantities and total expenditures on vadable inputs as well as fann size, wheat

hectarage ancl output levels (see questionnaire in appenclix D). The variable inputs

consisted of seecl-wheat, fertllizers, chemicals, fuel, labour ancl other var.iable costs

(cornbining ancl electricity expenses). The types of fertilize¡s usecl for wheat pr-ocluction

ale compounds D, C, ancl to a lesser extent X for basal clressing; and urea and ammoniurn

nitrate for top clressing. A few farmers inclicatecl use of ammonium sulphate for top

dressing. For chemicals, farmers use any or a colnbination of any of these: 2,4-D Ami¡e,

MCPA, ancl Bucn'it M. No farmel lepoltecl using lirne. They clairnecl that they lirnecl the

soil as they inigated.

The stanclalcl tneasures for these inputs ale: 50 kilograrn bags for seed-wheat apcl

fertilizels; liters for chernicals ancl fuel; ancl man-clays fol labour-. The prices quotecl are

unit prices in Zanbiatl culrency for each of the inputs,

32



Most farmers could reaclily provide clata for the periocl 1988 to 1991. For the

eallier years, sotne could not plovicle clata. They gave reasons such as: they coulcl ¡ot

easily retrieve their files and hence coulcl not provicle them; a few saicl it was pointless

to keep records over a longer peliocl when inflation was so high. However, quite a few

provicled very cletailecl information for all the years requestecl. Because some far-rners clicl

not provide infor'matioll for the entire periocl (1987 to 1991), the clata set usecl for-the

study is for the period 1988 to 1991. Following revision in the tirne periocl, questionnaires

frotn thirty-six (36) farmers of the folty-five coilectecl coulcl be used. Another reason fol

leaving out some of the nine questionnaires is that they wele poorly cornpletecl.

4.X.'1, Factor Frices

Since the study is using poolecl cross-section ancl tirne series clata, price variations

needecl for the estilration of the econometric rnoclel came from the var.ious types of basal

ancl top dressing feltilizels and chemicals that each incliviclual farmer usecl i, the

respective yeal's. As such, dur'ing the clata collection process, particular attention was paicl

to the valious types of fertilizels ancl chernicals that each farrner usecl duri¡g the perìocl

uncler study. Also, the geographic location of each fanner was notecl. This enablecl us to

attach appropriate prices of each factor input to each palticular farmer. Note that fertilizer

and chernical prices varjecl across types, ancl to some extent by geographic location. Fuel

price ancl the wage-rate also variecl by geoglaphic location. Seecl-wheat prices var-iecl from

source to source.

Put differently, factor prices for the indiviclual farmers were collectecl directly. I¡
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the questionnaite, data on both input quantity usage ancl expenditures were requestecl for

the purpose of counter-checking the degree of accuracy of the infonnation proviclecl. In

Zatnbia, it is not uncomtnon for some f¿umers to give exaggeratecl expencliture figur-es.

Since factor price data were collectecl clirectly, and quantity usage is known, then, it was

possible to have an iclea of which expencliture figures were exaggeratecl.

Time serjes data on output ancl v¿Lriable input prices; interest rates; exchange rates;

inflation rates; the CPI; ancl the flool price for wheat were collectecl frorn the Mi'isny

of Agriculture; Central Statistical Office; ancl the Cornmercial Fanners' Bureau. The

wheat price that farlnels actually leceivecl was collectecl frorn National Milling Company,

a parastatal cornpany that buys tnost of the wheat rnarketed. Total expenclitur-es on the

respective input quantities, and thus expencliture shares were clerivecl by rnultiplying input

quantities by the applopliate prices.

4.2 Analytical Frocedure

4.2.n Factor Share Equations

For estimation purposes, the systern of equations (15) was clevelopecl into

stochastic form by assuming that the observecl input clernancls are disnibutecl stochastically

along the expansion path (Lopez and Tung, 1982). Since Shazarn Economeüics Cornputer

Proglam versioll 6.2 has no provision fol pooling clata in a system of equations, the clata

set was entered into the program following the cliscussions providecl by Kmenta (191J6,

pp616-7), and Johnston (1984, pp396). Accorclingly, the clara wele organizecl ancÌ enterecl

by decision (proclucers) units. That is, from year' 1 to year 4, aII d,ata on proclucer one
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were entered in successive tirne periods, followed by all clata on proclucer two, ancl so on

ancl so forth.

The sarnple size was from 1 to 144-that is, thilty-six clecision units rnultipliecl

by four year tilne-periocls. Given that there are eight explanatory variables in equation

(15), there are ll52 obseruation points altogether in the rnodel.

Written explicitly, the estirnating equations for the rnoclel took the form

s r =or * Þ,,' f nw,, +þ r, 1 nw, *p r, I nw, +þ, 
o J nwn+ 8,, J nwu

+þ r,,J nw,,+B, ry+ õrH+e,

:
s,; =d,; + 8,,, J n w, + þ, .r J nwr^+ þ,,. J nwa + þ,, n J nw n 

+ þ,ru J nw,
+B,,,, Jnwo +B, 

"Jn 
y+ð 

oH* 8,,

(22)

where S¡, 52, s3, s4, s, and s6 are cost shares for seecl-wheat, basal clressing fertilizers,

chemicals, top dressing fertilizers, labour and fuel for fann machinery respectively. The

wi, i = 1,...,6 ale the lespective factor plices; a, B ancl ô are coefficients; ancl e is the

disfurbance terrn. The disturbance terms wero assulnecl to have zero rnean ancl correlatecl

across equations. They were howevel assurnecl to be selially uncorrelatecl. That is,

-E(err) =0 ; E(errli") =aii for t=s ; E(8¡¿€;") =0 to, æÁ23)

Given these properties, Zelinet's seerningly unrelatecl regression (SUR)'s estirnators are

asyrnptotic ally efficient.

During estimation, the shale equation for fuel was clroppecl out to avoicl

sirnultaneity problerns. Since the surn of the cost shares autornaticatty adcl up to total costs

iderltically, the lnatrix of explanatory variables has no i¡verse ancl therefore rlo unique
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solution exists (Deaton, 1986). Therefore, to ensure that a unique solution existed one

equation hacl to be dropped. Conceptually, it does not rnatter which share equation is

droppecl out. The fuel equation was clroppecl out just because it is fuel price that was usecl

to nonnalize prices in the output-supply equatiori. The pararneter estirnates of the input

plices and the constant of the droppecl out equation were recoveled by applying the linear

hornogeneity and the sytmneffic properties of the cost-function. Thus, rnost of the

inforrnation was recovered frorn the ch.oppecl out equation.

Plior to being itnposed, the theoletical restrictions (12) ancl (13) were testecl. Ancl

both were not rejected at 5 percent significance level. Since clata clicl not reject these

resf ictions, they were imposed cluring estirnations. Restliction (13) ensules the uniqueness

of estirnated parameters which occur in more than one equation.

4.2.2 (}utput-Supply Equation

To cletertnine supply response, equation (19) was also developecl into stochastic

forrn. In natural logarithrns, it took the fonn

lnY=uo+atf nPY +urJnw! +urlnwl *unlnwl +au1¡1r¡f;
+uefnw| +ö,JnH+e

(24)

whele Pv is the nonnalizecl wheat plocluct price; wo, for i = 1,...,5 ¿re the r-espective

plices of seecl-wheat, basal clressing feftilizers, chemicals, top dressing fertilizers a¡cl

labour normalized by fuel prÌce; ancl o anci õ are the response coefficients. The procluct

plice was modellecl as the price offerecl by the National Milling Cornpany (I.IMC) laggecl

one year tirne periocl-that is, Pv=P,-,. The clisturbance tenn, t was assurnecl to possess
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standard statistical properties. As such, sirnple ordinary least squares estimation proceclure

was applied to the function.

Like the system of factor share equatiorts (22), the sarnple size for the output-

supply equations frorn I to 144 with 1008 observation points for the seven explanatory

valiables.

4.2.2.1 The Wheat Froduct Frice

The wheat product price usecl in equation Q$ is the price offeled by the NMC

laggecl one yeff time periocl as opposecl to the floor price which the govemrnent

announces before the beginning of each season. This is because of the large clifferences

between the NMC price and the floor price. For instance, in 1988, the floor pr.ice was at

the satne level as the NMC price lagged one year time periocl. After 1988, even the NMC

lagged price was almost 100 percent highel than the flool price. Because of these

diffelences, lagged NMC price was found to be rnore appropriate. Appenclix C gives a

cornparison of the two plice.

4.3 Elasticity Calculations

To understancl the wheat procluction sffucture, one calculates, from the estirnated

pal'ameters, the Allen partial elasticities of substitution and elasticities of factor clemancls.

For this formulation, the Allen partial elasticities for own anclcross-prices are respectively

calculatecl as (Binswanger, 7974)
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o ri=J- (F:¡*si"'-s:")
òi

oi¡=--i^,Fi3+1-
À>'' r>i!J

nrr=k +'si"-1 ; \i¡$.";

(2s\

The own and closs price elasticity of factor clernancls ¿ire respectively calculatecl as

(26)

where the betas are coefficients estirnated frorn equation (22), and the so, or sj are the

respective average cost shares. The elasticity of wheat output with respect to own price

was estimated from the output-supply equation (24).

4.4 Acreage Response Equations

As was mentionecl in chapter 3.5, acreage response equations were specified to

detelrnine acrea}e response to changes in the procluct price. These equatiotis (20) anct (21)

were estimated sirnultaneously using three stage least squales estimation procedure. This

procedure was used because wheat hectarage appears in as an inclepenclent variable in (20)

and as a depencfent variable in (21).

4.5 F{ypotheses Testing

Several hypotheses were testecl regarcling wheat proclucers' behaviour. Firstly, the

hypothesis that ploducer behaviour dicl approxirnate cost-minimization for any give' level

of wheat output was tested. This was accornplished by testing fol the syrrrnetric properry

of the cost function. The test was

Þi7=0¡i for all i, i ; i+j
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against the alternative hypothesis that

þ ii*þ:t

for at least one of the ij.

Theoleticaliy, if condition (27) holcls, then, negative semi-clefiniteness of the

mafiix shoulcl be testecl. The test is whether.

^rrô2c(w,y).I* h <o

jr =6
aw¡

for all i = 1 ,..., 6 against the alternative hypothesis that

9! *o
dwi

for all h where h= (hi, ., h*) ancl i =I, . .., t/. presence of the negative semi_

definiteness of the Hessian maûix is the necessary ancl sufficient seconcl-orcler conclition

for cost rninirnization. As wilt be cliscussecl in section 5.6, conclition (29) was not tested

as the test result of (27) and that of linear hornogeneity (lz) of the cost-function were

consideled satisfactory to conclude approxirnation to cost-minirnization.

Secondly, the hypothesis that increases in factor prices incliviclually or jointly have

no significant influence on wheat output-supply was testecl. The hypothesis test for

individual factol plices was

(28)

Hessian

(29)

(30)

(31)

The joint hypothesis tesr was
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all i, for i = 1 ,..., 6 against the alternative hypothesis that

ãv-- Éu (33)ow¡

for at least one i.

And lastly, the hypothesis that wheat price has no significant irnpact on ourput

supply was testecl. The hypothesis test was

ffi=' (34)

against the alternative hypothesis that

ðv^.-+U (35)
dP

The test results fol the second and last hypotheses were cletenninecl frorn the / and

F test statistics obtained fi-oln the ouþut-supply equation (24).
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This chapter presents ancÌ discusses the results obtainecl frorn ernpirical estirnations.

The treatrnent of the analysis is as follows: firstly, the results of the factor share equations

are discussed. The test results of the basic theoretical restrictiorls are also presentecl. This

will be followed by a discussion of the results of the output-supply equation as well as

the results of the statecl hypotheses. The chaptel wincls up by drawing conclusions fi-orn

the lesults as well as suggesting possible policy options to boost wheat output.

5.1 Factor Share Equations: Results

The systern of equation s (22) was fit to the clata. As was mentionecl earlier, the

theoretical resÍiction of linear hornogeneity of the cost function (12) ancl the symmefl.ic

resftiction (13) wele both not rejected at 5 percent level of significance. The value of the

test statistic was -0.15 cornpared to the critical value of -1.96 at 95 percent conficlence

interval wíth 615 degrees of freedorn fol the homogeneity test. This rneans that as long

as factor prices only vary proportionately, the cost-minirnizing choice of inputs will not

vary. The F-statistic for the sytntnetric test was (1.04) comparecl to the critical value 2.34

for 10 and 615 degrees of freeclom. Since the clata clicl not reject these resfrictions, both

of the lestrictions wele itnposed on the estimatecl equations. The païameter estimates of

the restricted rnodel are given in table I below.
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Table 1: Wheat Ploduction in Zunbia: Share Equation Estimares for Variable Inpurs, 19Bg-1991 .

Share Constant
Equation

Seed- 0.424.
wheat (0.143)

Basal- 0.020
ferts (0.145)

Chems. 0.056
(0.04s)

Top- 0.046
ferts (0.094)

Labor 0.462.
(0.14e)

Price of

Seed-

wheat

0.084.
(0.034)

-0.041..
(0.024)

-0.016.
(0.006)

-0.037.
(0.018)

-0.040""
(0.021)

Basal
fert'zers

-0.041..
(0.024)

0.170.
(0.037)

-0.024.
(0.007)

-0.061.
(0.020)

-0.015
(0.027)

Note:

Chemicals

- Standard errors are in the parentheses.
- one asterisk indicates statistical significance at 5 percent significance level.
- Two asterisks indicate statistical significance at 10 percent iignificance level.
- The sample size is from I to 144. That is, thirty-six decision units multiplied by four year time-periocls. Given that there are eig¡rexplanatory valiables, there are li52 observation points altogether in the model.

-0.016"
(0.006)

-0.024.
(0.007)

0.054.
(0.004)

-0.006
(0.00s)

0.007
(0.008)

Top Labour
fert'zers

-0.037.
(0.018)

-0.06i.
(0.020)

-0.006
(0.00s)

0.128.
(0.01e)

-0.0r2
(0.016)

-0.040..
(0.021)

-0.015
(0.027)

0.007
(0.008)

-0.0t2
(0.016)

0.080.
(0.034)

Fuel

0.008
(0.024)

-0.053..
(0.027)

0.004
(0.011)

-0.002
(0.017)

0.018
(0.031)

Ouþut Hectarage R2
Level

-0.060. 0.066. 0.34
(0.012) (0.013)

0.048. -0.042" 0.24
(0.017) (0.019)

-0.006 0.009 0.66
(0.008) (0.008)

0.020. -0.019.. 0.28
(0.010) (0.011)

-0.018 -0.015 0.13
(0.022) (0.024)
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Of the forty estirnatecl coefficients, eighteen are statistically significanf. at 5

percent significance level, and twenty-foul ale significant at 10 percent level of

significance. All own factor plices are statistically significant at 95 percent conficlence

level. Except for the fuel coefficient which is negative, all own factor prices show a

positive relationship to their' respective expencliture shares suggesting that, at the very

least, farmers do not reduce factor usage despite the increase in variable factor price

levels. As such, we do not expect output to decline due to increases in factor prices.

This has a positive implication for ouþut expansion as it suggests that farmers would

not reduce factol usage, ancl hence output levels even if factor prices rise as long as

there are factors off-setting the irnpact of such increases. As for fuel, the results

suggest that its usage cleclines as fuel price rises.

As was lnentionecl in chapter 4.2.1, the pararneter estimates of the fuel equation

were recovered by applying the hornogeneity and symrnetric properties of the cost-

function. The own-price coefficient for fuel was -0.01,2 .

The coefficients of output levels in all but the chernicals and labour equations are

significant at 5 percent significance level. Another obsewation regarding the coefficients

of the output level is that, with the exception of the top and basal clressing fertilizels, they

all show a negative relationship with respect to their expencliture shares.

The hectarage variable shows significance at 5 percent significance level in the

seed-wheat and basal fertilizers share equations. In the top-dressing feltilizels share

equation, it is significant at 90 percent confidence level-it is not in the chernicais ancl

labour share equations. The results thus suggest that as hectarage increases, seed-wheat
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and chernicals expencliture shares increase while expencliture shares of basal ancl top

fertilizers and of labour clecline proportionately.

5.2 Substitution and Facton Ðerna¡-rd Ðlasticities

For the purposes of policy rnaking, elasticities of substitution as well as elasticities

of factor detnancls are very ilnportant. Thus, since we intencl to suggest policy

recommendations airned at expanding wheat ouþut, we need to come up with elasticity

estimates.

Elasticities of substitution for own and cross-prices were cleterrninecl using

foltnulae (25). Price elasticities of factor clemands for own ancl cross-prices were

calculated usitrg formulae (26). Note that elasticities of substitution ancl cross-price

elasticities of factor demancls are positive fol substitutes ancl negative for cornplirnents.

Tables 2 and 3 show the Allen partial elasticities of substitution ancl the elasticities

of factor demancls respectively. Except for top fertilizels whose own-price elasticity is

positive, all own elasticities of substitution have the theoretically corr.ect signs. They ar-e

negative. Seecl-wheat ancl basal fertilizers have been portrayecl as substitutes; seecl-wheat

ancl chernicals as cornplirnents; seecl-wheat ancl fuel as substitutes; seed-wheat ancl labour

as complitnents ancl seed-wheat and top dressing fertilize¡s as cornpliments. As fol basal

dressing fertilizers, complimentary relationship was portrayecl with chemicals, top

fertilizers ancl fuel; ancl a substitute relationship with labour. As for chemicals, a substitute

relationship was portrayed top-dressing fertilizers, labour and fuel. Also for top fertilizer.s,

a substitute relationship was polÍayed for both labour and fuel. Ancl finally, labour ancl

44



Table 2. Wheat Ploduction ín Zanbia Allen Partial Elasticities of Substitution

Price of

Factor
input

Seed-

wheat ferts.
Basal Chernicals Top Labour Fuel

ferts.

Seed-wheat - 1.960

Basal fert'zers 0.311

Chenicals -0.398

Top fert'zers -0.466

Labour -0.485

Fuel 1.355

0.317 -0.398

-0.471 -0.089

-0.089 - 1.418

-0.251 0.314

0.116 1.665

-0.280 1.574

-0.466 -0.48s

-0.251 0.116

0.314 1.665

0.316 0.448

0.448 -2.133

0.893 0.965

1.355

-0.280

t.514

0.893

0.965

-8.018
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Table 3. wheat Production in zanbia: Elasticities of Factor Demancls

Price of

Factor
input

Seecl-

Wheat
Basal
ferts.

Chernicals Top Labour
fert.

Fuel

Seed-wheat -0.348

Basal fert'zers 0.056

Chernicals -0.071

Top fert'zers -0.083

Labour

Fuel

-0.086

0.240

0.108

-0. r 61

-0.030

-0.086

0.244

-0.09s

-0.026

-0.006

-0.,092

0.020

0.108

0.r02

-0.066 -0.074

-0.036 0.109

0.044 0.254

0.043 0.068

0.064 -0.326

0.127 0.300

0.165

-0.034

0.192

0.109

0.240

-0.978
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fuel were poltrayecl as substitutes.

A closer exarnination of these elasticities reveals that the clegree of

complementarity or substitutability is low consiclering that the elasticity of substitutio' can

take any value between negative ancl positive infinite. With an elasticity value of 1.6(:,

labour and chernicals have the highest clegree of substutability while labour ancl seecl-

wheat have the highest clegree of complernentarity (-0.485). Labour seems to be a mole

likely input to be substituted for othel variable inputs. Chernicals, fuel ancl basal ancl top

dressing feltilizers can be substitutecl for' labour. Labour is a compliment only for seecl-

wheat with a value of

-0.485. Thus, in situations where there is shortage of other variable inputs (which to a

large extent are irnportecl), it woulcl still be possible to expancl wheat output as long as

labour is readily available, ancl conversely, with easy accessibility of these other inputs,

labour can easily be replacecl without aclver-sely affecting output.

As fol the values of own-plice elasticities of substitution, except for top ancl basal

fertilizers whose respective elasticity values are 0.013 and -0.4j 1, all have absolute values

which are greater than one. With own-price elasticity of -8.018, fuel usage seems to be

the rnost sensitive to own-price changes. It is followecl by labour (-2.133), seecl-wheat (-

1.960) and chernicals (-1 .416). Basal fertilizers have the lowest clegree of substutability.

Another interesting observation about these own-price elasticities of substitution

is the positive sign taken on by the top fertilizers. It suggests that even if the relative

plice of top feltilizer-s falls, its usage cloes not increase.

Again with the exception of top fertilizers, all own-price elasticities of factor

47



dernands in table 3 are negative. This is what is expectecl apriori. With own-price

elasticity of -0.978, fuel usage cleclines in ahnost the same proportions as incleases in its

own price. Except for own-price for fuel, the absolute values of both own ancl cross-prices

ale very lnuch less than one irnplyirig that factor price changes clo not have rnuch irnpact

on factor demands. This suggests that variable factor usage, ancl therefore output is not

adversely affected by incleases in prices of var-iable inputs.

Portraying a positive own-pt'ice elasticity of factor clernancl, the results suggest that

the top fertilizers factor are an inferiol input. Their usage increases along with incr-eases

in its price.

5.3 Results of the Output-supply Equation

As was mentioned earlier, one of the limitations of the cost-function approach is

that the product price does not enter the function, ancl hence its effect on output is

ignorecl. This lirnitation was lesolvecl by estirnatirlg arl output-supply equation (24) whose

lesults are presentecl in table 4 below.

The results show that the price of wheat, laggecl by one year tirne periocl, is

statistically significant at 10 percent level of significance. The results thus suggest that

output plice has a significant influence on wheat output. All variable factor prices,

incliviclually or jointly, were not statistically significant even at l0 percent significance

level. Thus, variable factor prices hacl no significant influence on wheat output. Hectar-age

shows a direct relationship with ouþut. Furthermore, it is statistically significant ever at

99 percent confidence level.
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Table 4: Wheat Plocluctiort in Zambia: Output-Supply Equation Estimates, 19gg-1991.

Variables Estirnated T-Ratio R2=0.g7
Coefficient

Chernicals

Normalized price of

Wheat 0.084..
(0.050)

Seed-Wheat 0.t46
(0.235)

Basal fertilizers -0.146
(0.203)

0.026
(0.041)

Top fertiiizels 0.011
(0.17e)

0.105
(0.1e 1)

1.030.
(0.036)

2.946.
(0.e16)

1.679

0.624

-0.720

0.646

0.095

0.5s0

28.926

3.101

Labour

Hectarage

Con.stant

Note:
- Stanclarcl errors are in parentheses.
- Like the systern of factor share equations, the sarnple size for the output supply

equation is from 1 to 144 with 1008 obselvation points for the seven e*ptanaìãiy
variables.
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These results ate consistent with the results obtainecl for the systern of share

equations (22). The estimatecl paralneters of the share equations revealecl that, except for

fuel, fanners do not leduce factol input usage even if there is an increase in variable

factor prices. Relating this to the supply equation, it seems that the increases in the

product price have been sufficient to offset the aclverse irnpact of increases in factor

prices on wheat output. The irnplication this lesult has for policy forrnulation is that

government need not provicle subsidies at least on variable inputs as long as the procluct

plice is sufficiently high.

Whilst on this point, we should perhaps mention the sentirnents that sorne fanners

revealecl during the data collection process. Those who comrnentecl on wheat pricing

expressed a great cleal of satisfaction. They arguecl that it was favourable because, arnong

other things, it took into account irnport-parity. This protectecl the producers from wheat

imports especially dur'ing the periocl when wheat imports were aliowed to enter the

Zanbian market.

5.3.I Output-Supply Ðtasticities

For policy purposes, we neecl to cletermine both the clfu'ection ancl rnagnitudes of

supply response to wheat price changes. The results show a positive relationship between

wheat output and the output price as one would expect a priori. As for price elasticity of

supply, the output plice coefficient is at the same tirne the elasticity since the supply

equatioll was estimated in a double-log fonn. Its value is 0.084 indicating that output

supply is not responsive to wheat price changes. This result concurs with the obseruation
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made by Tornek and Robinson (1990) when they arguecl that changes in aggregate farm

output overtime are associatecl rnainly with shifts in the procluction function (pp307) while

fiends in agricultural prices are associatecl with general inflation ancl deflation in the

economy (pp165). The ilnplication that this result has for policy is that, to boost output,

governlnent policy shoulcl ernphasize a great deal on technological innovations ancl/or

acloption.

The results howevet' suggest that output-supply is responsive to changes in

hectat'age-the elasticity is 1.03. This is in agreernent with the results obtainecl by sorne

urrpublished studies which argued that, agricultural expansion in Zat1¡.bia is in general

associatecl rnainly with expansion in area cultivatecl rather than i¡creases in yielcls per.

hectal'e. Howevet, as for the wheat sub-sector', one woulcl argue that the scope for-

increasing yielcls per hectare is very lirnitecl as yield levels are aheady favourably high.

The Department of Agriculture puts the national average of wheat yield per hectar-e at 5

to 6 rnetric tonnes (rnt) while tnany farmers in this stucly inclicated having attainecl as high

as I rnt, ancl, one farmer indicatecl having attainecl 9.5 mt.

5.4 Results of the Acreage Response Ðquations

Thelesults of equatioris (20) and (21) estimatecl jointly are shown i¡ appepclix A.

For the equation (20) in which output level cliviclecl by hectar'age is rhe clepencle¡t

variable, wheat procluct price, laggecl one year tirne periocl, is statistically signifi c,ant at

90 percent confidence level. It is the only variable showing significance in the whole

equatioll. In the equation (21) in which wheat hectalage is the clepencfent variable, wheat
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product price is not significant at all though clirectly relatecl to hectarage. Seed-wheat

price is inversely related to hectarage and is significant even at 5 percent significance

level' The other variable which is significant even at 5 percent significance level is the

wage-rate' It is poltlayecl as having a clirect relationship with hectarage though one woulcl

expect othel'wise.

That wheat product price is not significant even at 10 percent significance level

is not surprising. Since wheat in Zambia is an irrigatecl crop, any expansion in hectarage

must be pleceded by aclditional investtnents in irrigation facilities. Such investrnents take

time' As such, the irnpact of wheat price rnay only be manifestecl after a much longer

tirne periocls.

5.5 Stated Hypotheses: Test Results

As was lnentionecl in sections 1.4.2 and,4.4 several hypotheses regarcling the

behaviour of wheat proclucers were testecl.

The hypothesis that farmer behaviour clicì approximate cost-minimization was

tested. One of the necessary conditions for cost minimization is that the syrnrnenic

resf iction (27) holds. The test result showecl that the lesfiction holcls. The test statistic

obtained was 1.04 cornpared to the F-critical of 2.34for- 10 and 675 deglees of fi.eeclorn.

Since the symmetric test was not rejectecl, a further test-the test for ¡egative semi-

definiteness of the Hessian matrix (conclition 29) was necessary to reach a clecisive

conclusioll as to whether proclucer behaviour was indeecl consistent with cost-

minimization.
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But as was indicatecl in section 4.5, the test for negative serni-clefiniteness of the

Hessian matrix was not concluctecl as the result of the symmefiic test coupleci with the test

Iesult of lineal homogeneity of the cost-function was consiclelecl satisfactory to conclucle

approxirnation to cost-minirnization among wheat proclucers in Zarnbia.

Seconclly, the hypothesis that variable factol prices, either incliviclually or- joi¡tly,

had no significant influence on wheat output was not rejectecl at I percent significa¡ce

level. The F-statistic obtainecl for the joint test was 0.333 comparecl to the crjtical value

of 2.27 for 5 ancl 136 degrees of freeclorn. Also, evaluating the t-ratios for-the supply

equation (21), r'evealed that no variable factor plice was statistically significant even at

90 percent confidence intewal. It was therefore concludecl that increases in variable factor

plices had no adverse irnpact on wheat output in clata range stucliecl.

Ancl lastly, the hypothesis that wheat output price hacl no significant influence on

output was rejectecl at 10 percent significance level, but it was not rejected at 5 percent

significarice level. The test statistic obtainecl was I .679 cornparecl to the t-cr-itical value

of 1.64 for 136 clegrees of freedom. Thus, to a certain clegree, the procluct price has a

significant and positive irnpact on output-an increase in ouþut price ieacls to an inclease

in output ceteris palibus.

5.6 Conclusions f,rorn the Results

From the folegoing, a nutnber of conclusions legarcling econornic factors affecti¡g

wheat production in Zatnbia wele reachecl fol the periocl uncler stucly. The conclusions

were as follows starting with those drawn fi.orn the cost function approach.
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(a). Frotn the parameter estirnates of the cost-function, these were the conclusions clrawn

Iegarciing wheat ploducers' behaviour viz-â-viz incleases in variable production costs:

(i). The results tend to suggest that wheat proclucers behaviour is consistent with

cost rninitnization. The syrmnetric restriction test was not lejectecl at 5 percent level of

significance. Also, the theoretical r'estliction of linear hornogeneity of the cost functio'

was not rejectecl irnplying that only relative factor price changes rnatter to optirnizing

economic agents.

(ii). Except for fuel, the increases in price levels of variable factors clo not leacl

to a reduction in factol usage as coefficients of own factor prices are positive. Thus,

output levels are not expected to decline as a result of increases in factor price levels.

(iii). With regards to increases in hectara ge viz-á-viz factor usage, it was observecl

that as hectal'age increases, seecl-wheat ancl chernicals expencliture shares increase while

expenditure shares of basal ancl top fertilizers ancl of labour clecline proportionately.

(iv). Except for top-fertilizels, the own-price elasticities of substitution have the

theoretically correct signs. They ar'e negative. The factor labour- is a substitute for

chemicals, fuel, basal ancl top fertilizers. The clegree of substitutabiiity is rnuch lower for

basal fertilizers as compared to fuel, chemicals ancl top fertilizers. Labour is a cornplirne't

for seed-wheat- If supplies of these inputs were to be lirnitecl, to some extent, wheat

procluction woulcl not be aclvelsely affected as long as labour is reaclily available.

(v). Still on elasticities, it was notecl that fuel, followecì by labour are the most

sensitive to own price changes. It was therefore concluclecl that fuet ancl labour saving

procluction techniques are most appropr.iate.
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(vi). As for elasticities of factor clemancis, both own ancl cross price elasticities

are much lower than one in absolute terrns. Thus, factor price changes have little irnpact

on variable factot' detnands. The only exception is own-price for fuel whose price

elasticity is close to unit.

(b). From the estimates of the ouþut-supply function, the foltowing conclusio¡s

regarding the response of wheat supply to changes in product ancl factor- prices were

drawn:

(i). Changes in wheat plice have a positive irnpact on wheat output. Thus, to

some clegree, price can be used as an instrument in facilitating expansion in output.

(ii). All factor prices hacl no significant influence on ou@ut. This was tue even

in the case whele their influence was consiclerecl jointly. It seerns that the increases in

wheat plice were sufficiently high to off-set the irnpact of increases in variable factor-

prices.

(iii). Though wheat price has a significant irnpact on output, oufpur-suppiy is not

very responsive to plice changes. This leads to the conclusion that wheat plice alone is

not sufficient for expansion of wheat output. Other factors affecting procluction seem to

matter in a significant way.

(iv). Wheat output is responsive to changes in hectarage as the elasticity is greater

than one.
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5.7 Folicy Recom-¡¡nendatio¡rs

The main objective of the stucly was to have a cleeper unclelstancling of the

behaviour of wheat producers with a view to facilitate policy recomrnenclations possible

for boosting wheat output in Zanbia. The governrnent policy in the wheat sub-sector calls

for self-sufficiency in wheat proclucts. Basecl on the lesults obtainecl frorn ernpir.ical

estimations, the study suggests the following policy recommenclations.

(a). Considering that output is not significantly influencecl by factor prices but by

output pt'ice, it is recotnlnetrded that government neecl not provicle subsidies on variable

factor inputs as long as wheat price is sufficiently high.

(b). The goverlltnent policy shoulcl ernphasize adoption of technologies that are

labour and fuel saving. These are the factor inputs that are rnost sensitive to own-price

changes. Furthennore, laboul is a lnore likely substitute for most of the other variable

inputs.

(c). The current pricing policy shoulcl be continuecl. It seems that it has been

favourable as fal as facilitating increases in wheat procÌuction are concemed.

(d). Wheat output is responsive to changes in hectarage but not to the procluct

price. The study therefore suggests that governrnent policies coulcl be gearecl towalcls

facilitating enffy into the industry. This can be achievecl through easy accessibility of the

necessaty infrastructure-easy accessibility of electricity supply for farm power. fol

instance; and plovision of subsiclies on fixecl inputs like development of water- supplies

for wheat inigation, ancl fatm equiprnent ancl rnachinery. Easy accessibility of these

facilities would enhance fartnel productive capacities. A1so, provision of subsiclies o¡
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fixecl inputs would alguably encouïage entry in the inclustry. V/e note that the number. of

wheatgrowers in the counÍy is currently srnall. Ithas been arouncl 70 between 1985 and

1992 (see appendix B) as cornparecl to crops like maize where the number of gr-owels has

been some 600,000. More producers woulcl rnean rnore output.

(e). Given (d) above, it follows that ernphasis on technological innovations ancl/or-

adoption to bling about outwarcl shifts in pLoclucers' procluction functions rnay be

effective policy instruments.
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CHAPTER. 6

$UkåVåAR.Y ANÐ ã,KE/ÃãT'A?'ä@N$ @F.' T'X{Ð, $T'KJÐV

This chaptel gives a cursory view of the entire stucly. It gives summaries of the

problern statelrlent and study objectives; literature lelatecl to the stucly; conceptual

considerations; data description and analytical proceclures; ancl the finclings. The last

section of the chapter discusses what was consiclerecl to be the rnajor limitations of the

stucly.

6.1. Froblern Statement and Study Objectives

The study investigated the irnpact of rising costs of procluction on wheat output

in Zatnbia with a view of consiclering policy recommenclations that will enable Zatnt¡ia

to attain her goal of self-sufficiency in wheat proclucts. It was notecl that, though wheat

products do not constitute staple foods fol the vast rnajority of Zatnbia's 8.02 million

people, they nonetheless constitute a significant plopoltion in the cliets of most people,

more especially the urban consuûters. In terms of aglicultural activity, wheat is ernerging

as one of the dorninant crops among large scale commercial farmers.

In lecent years, production costs have been rising reflecting the high inflation rate

in the economy. Given that there has been a dse in procluction costs, the stucly therefor.e

endeavoulecl to detelrnine the irnpact of such cost lises on wheat ploclucers' behaviour,

and hence output. It was believecl that an understancling of proclucers' behavioul. viz-á-viz

changes in productioli costs would greatly benefit agricultural planners in cleveloping ancl
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executillg policies that woulcl raise wheat output, ancl hence attainment of national self-

sufficiency in wheat pr-oducts.

The objectives of the stucly were therefore to cletermine the irnpact of rising

variable production costs on procìucers' behaviour', ancl hence wheat output-supply; to

determine the irnpact of v¿uiable factor prices on wheat output; to cletermine the irnpact

of wheat price on wheat output; ancì to suggest policy recomrnendatiorls to boost output.

Basecl on these objectives, hypotheses were fonnulatecl ancl testecl.

It was noted that wheat procluction in Zatnbia was a relatively new activity as

comparecl to other major crops iike maize, cotton, sunflowels ancl tobacco. Because of the

high cost of production as noted by earlier stuclies, wheat is proclucecl entirely by large

scale comlnercial fanners.

Although current clolnestic production cloes not meet domestic consumptio¡,

goverrunent policy plohibited wheat irnports as of 1988. This policy however seemecl to

have been fully irnplementecl in 1990 when absolutely no irnports wer.e macle. The object

of the policy was to protect local producers from impofis.

As an irrigated clop, wheat procluction has high potential in most parts of the

counÍy' But presently, ploduction is concentratecl in southem ancl cenû.al par.ts of the

counffy where inflasfiucture favoulable to its procluction is largely clevelopecl.

Up to 1985, govemment fixed and controllecl wheat proclucer price. After- that, the

price was allowecl to be cletelrninecl by rnarket forces though the goverrunent stiil set floor

prices so as to erìsure that farmers got a reasonable price.
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6.2 Review of [.iteratune

Perhaps because it is relatively a new crop, literature on the economics of wheat

procluction in Zanbia is very timitecl. Most stuclies on Zatnbiatt agricultule have been

focusing on maize production.

One rnajol study on wheat is that done by Kasalu (1987) in which efficiency of

wheat production inZanbia was investigatecl using a cost-benefit analysis approach. The

moclel fanns analyzed were estate cooperation, irrigatecl cotntnercial ancl rain-fed

commercial procluction categories. Also examined were foreign exchange costs allcl

economic viabitity of producing wheat locally as opposed to irnporting it. The study

conclucled that it was financially and economically feasible to grow wheat using estate

cooperation category and that it also made efficient use of Zambia's limited national

resources. The irrigated commercial category was financiaily profitable but it was not

econornically feasible and inefficiently used the country's tesources. The rain-fed category

was neither financially nor economically viable at the then yield levels.

This study cliffered from Kasalu's study in tenns of analytical approaches adoptecl.

While Kasalu used a cost-benefit analytical plocedule, the current study utilized an

econometric technique. The econometric technique facilitatecl the analysis of decision

rnaking behavioul of wheat proclucels.

Another study reviewecl despite it not being conclucted in Zumbia is that by Sidhu

and Baanante (1981). Siclhu ancl Baanante usecl farm-level cÌata to estilnate input clernand

and wheat supply in the Inclian Punjab. Their study is sirnilal to the current stucly in that

both stuclies used disaggregated farrn-level data to study fanner behaviour. Fulthermore,
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to a large extent, the analytical techniques usecl in both stuclies are similar.

6.3 Conceptual Fnarnewc¡nli amd Empirical Model

Ploduction economics literature in microeconomic theory provicled the fi-amework

within which this study was conducted. Because of claø availability consiclerations, a clual

rathel than a prirnal approach was founcl to be rnore appropriate. Besides clata

considelations, the dual apploach enablecl us to conveniently analyzernore problerns while

at the salne tilne ensuring consistency in microeconornic ancl econornetric unclerpinnings.

The ernpirical model was clerived fr'orn the cost-function by assurning that the

standard assumptions regarcling producer behaviour in a competitive envir-onment helcl.

A translog cost-function was specifiecl, and from it, conclitional factor clemancls were

derived by applying Shephald's lemma. Sinoe factor clernancls are not linear in palametels,

factor shares, which are linear in parameters, were clerivecl from them.

Because of data lirnitations, only lancl was included as a quasi-fixecl input. Other

fixed inputs were not includecl. None inclusion of the other fixecl inputs was not expectecl

to cause bias in the econornetric results as fixecl inputs are generally viewed as

precletermined.

As the cost-function ignores the effect of procluct price on output, an output-supply

equation was specified ancl estimatecl. It was rnoclellecl as a function of normalizecl

product ancl variable factor prices as well as wheat hectarage.

As has already been indicated, the va¡iables inclucled in the cost-function aspect

of the model were prices for variable inputs, output levels and land as a quasi-fixecl input.
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The variable prices were for seecl-wheat; basal ancl top clressing fertilizers; chernicals; fuel

and labour' The clependent valiables were expencliture shares of the respective variable

inputs' In the output-supply aspect of the moclel, output was the clepenclent variable while

normalized prices of wheat; seed-wheat; basal ancl top dressing fertilizer-s; chernicals; a¡cl

labour as well as area plantecl uncler wheat were the explanatory variables. The prices

were norûìalized by fuel pr-ice.

6.4.I Ðata Collection and Ðescniption

The study usecl pooled closs-section anct tirne series clata. The clata set pertained

to thirty-six fatmers ovel the periocl 1988 to 1991, ancl was collectecl through a sur.vey

that was conclucted alnong wheat proclucers. The clata that farmers proviclecl pertainecì to

input usage ancl expenditures on variable inputs; ancl wheat hectarage ancl output levels.

No farmer reported using lime. They clairnecl that they lirnecl the soil as they irrigatecl.

Tirne selies data on output plices; interest late; exchange rate; inflation rate; ancl

corlsulner price index were collected frorn the Minisny of Agriculture; Central Statistical

Office; Commelcial Fanners' Bureau; ancl the National Milting Company. Factor prices

were also collectecl directly.

The sources of valiations in prices of inputs were the valious types of fertilizers

ancl chernicals that each indiviclual farmer usecl in the respective years, var.iation in sorne

input prices due to geographic location of incliviclual farmers and sources of supply for

othel inputs.
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6.4.2 AmaXytical Frocedulne

To facilitate pooling of the cross-sectional ancl tirne series clata sets, the data was

or'ganizecl and enterecl according to the clecision units. There were thirty-six clecision units

studied over a four-yeiu tirne period resulting in a sarnple size of 144. Si¡ce there were

eight explanatory variables in each of the factor share equations, the number of

observation points was 1152.

For estimation purposes, the factor share equations were cleveloped into stochastic

forrn by assuming that the observecl input clernancls wele clistributecl stochastically along

the expansion path. Sirnilarly, the output-supply equation was also clevelopecl into

stochastic forrn.

Zellner's seerningly unrelatecl regressions were usecl

while the orclinary least squares estirnation proceclures were

supply function.

to estirnate the factor shares

used to estimate the output-

6.4.3 Elasticity Calculations

This section, showecl how elasticities of substitution ancl those of factor clemancls

were calculated frorn the estirnatecl parameters of factor share equations. As for the price

elasticity of supply, the wheat price coefficient of the supply equation gave the elasticity

value as well since the function was estimatecl in a double log-fonn.
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6"4.4 F{ypotheses Testing

The hypotheses testecl were as follows.

Firstly, the hypothesis that farûlers, behaviour clicl

was testecl.

approxilnate cost lninilnization

Secondly, the hypothesis that variable factor prices,

significant influence on wheat output was testecl.

Lastly, the hypothesis of statistical insignificance

testecl.

incliviclually or jointly, hacl no

of wheat plice on output was

6.5 Ðmpirical Results

6.5.x Results of Factor share Equations and output suppry

The ernpirical results showecl that, except for fuel for farm machinery, the

increases in variable procluction costs have not lecl to recluctions in factor usage. Neither.

have they adversely affectecl wheat output. This is because, output price seemecl to have

been sufficiently high to off-set the irnpact of rising variable factor prices. wheat price

has had a significant influence on output.

with regards to increases in hectarage viz-á,-viz factor usage, we obse¡ecl that as

hectarage itrcreased, seecl-wheat ancl chemicals expenclitule shares increasecl while

expenditure shares of basal ancl top fertilizels ancl of labour cleclined proportionately.

Except for top-clressing fertilizels, own-pr'ice elasticities of substitution hacl the

theoretically coüect signs-they were negative. Labour was porffayecl as a substitute for

chelnicals, fuel, basal ancl top fertilizers. The clegree of substitutability was however much
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lowel for basal fertilizers as compared to fuel, chemicals and top fertilizers. Labour

portrayecl a complimentary lelationship to seecl-wheat. Fuel ancl labour showecl to be the

most sensitive to own price changes.

Except for fuel whose own-price elasticity is close to unit, both own ancl cross-

price elasticities of factor clernancls were much lower than absolute one inclicati'g that

variable factol price changes have little irnpact on variable factor clemancls.

As ah'eady indicatecl, wheat price has hacl a significant influence on output. Factor

plices, either inclividually or jointly clicl not. Plice elasticity of supply was 0.0g4 inclicating

that output was not responsive to output plice changes. Direct ancl significant relatio¡ship

was porffayecl between output ancl hectarage. Also, oufput showecl to be responsive to

changes in hectarage.

6.5.2 Flypotheses Test Results

The symtnetlic restrjction was not rejectecl at I percent significance level. Couplecl

with the linear hotnogeneity restriction which also was not rejectecl at 5 percent

significance level, cost tninitnization test was consiclered satisfactory. That is, the results

wele consider'ed satisfactory to conclucle that proclucer behaviour- clid approximate cost-

minimization. The hypothesis of statistical insignificance of wheat output price on oufput

was rejectecl at 10 percent significance level. That of statistical insignificance of factor.

prices, either individually or jointly was not rejectecleven at 10 percent sig¡ifica¡ce level.
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6.5.3 Conclusions

From the findings, it was concluclecl that the rise in var'iable pr-ocluction costs

durirrg the periocl under stucly hacì no aclverse effect on wheat oufput it-t zanbia. wheat

price haci a positive irnpact on output. As such, government neecl not provicle subsiclies

on variable inputs to increase output as long as output price was sufficiently high.

6.5.4 Recommendations

To boost wheat production so as to achieve the self-imposecl goal of attaining

national self-sufficiency in wheat ploclucts, it was recomrnenclecl that: goverrunent neecl

not provide subsidies on variable factor inputs as long as wheat price was sufficiently

high; the culrent pricing policy shoulcl be continuecl; government policy shoulcl ernphasize

technological innovations ancl/ or acloption; ancl goverrunent shoulcl provicie subsiclies on

fixecl inputs ancl facilitate the provision of necessaly infi'astructure to enco¡¡age ently into

the inclustry.

6.6 tr imitations of the study and scope for Further Research

Perhaps the rnajor iimitation of the stucly is that, with the exception of la¡cl, the

irnpact of fixecl inputs on wheat oufput was not explicitly consiclered in the rnoclel. It

would be interesting to note how incleases in the cost of these inputs affect wheat

producers' decision rnaking behaviour. However, even without moclelling the irnpact of

fixed inputs on output, the results obtainecl proviclecl us with valuable insights into the

behaviour of wheat proclucer.s.
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For further tesearch, it is recommenclecl that the focus be on the irnpact of fixecl

inputs on wheat output. This woulcl gleatly facilitate policy fonnulation regeycli'g

investrnents in the inclustry.
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APPENDTX A: WF{EAT PROD{JCTION TN ZAMtsIA: ACR,tsAGE RESPONSE
EQUATIONS ESTXMATES, 1988-tr991.
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A: Wheat Procluction inZatnbia Acreage Response Equations Estirnates, lggg-1991.

Vadables Estimated
Coefficient

D ependent Va.riable Output/Hectarage Hectarage

Normalized price of

Wheat

Seecl-Wheat

Basal fertilizers

Chernicals

Top fertilizers

Labour

Hectarage

Con.stant

0.084-.
(0.050)

0.146
(0.234)

-0.t46
(0.203)

0.026
(0.041)

0.017
(0.17e)

0.105
(0.1e 1)

0.030
(0.036)

2.846.
(0.e14)

0.131
(0. i 1e)

- 1.156.
(0.sss)

-0.66s
(0.485)

-0.082
(0.0e8)

0.s06
(0.428)

1.049.
(0.4s0)

7.589.
(2.103)

Note:
- Standarcl errors are in par.entheses.
- One asterisk indicates statistical significance at 5 percent significance ievel.
- Two asterisks inclicate statistical significance at 10 percent significance level.
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APPENÐIX ts: lNumber of lrrigated Wheat (ìnowers, Area Flanted and Froduction:

r986-199I
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B: Nurnber of Irrigatecl Wheat Growers, Area Plantecl ancl procluction: 19g6-1991

Year No. of G'owers Area prantecrî procruction+

1986 72

t98t 64

1988 11

1989 7t

1990 10

t991 70

6,390

7,397

8,742

c),97 
7

I 1,595

11,849

32g,96g

307,421

412,493

517,897

595,570

652,580

Note: f Area plantecl is measurecl in hectares.

f Procluction is measurecl in 90 kilogr.arn bags.

soulce: Ministry of Aglicultule: Agricultur-al statistics Bulletins.
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APPENÐIX C: Wheat Output Frice, t9g7-Ig9l
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c: wheat ouþut price per 90 kilograrn bag in zanbiankwacha (zK).

Year Government Floor- price National Miiling Company pr.ice

1987

1 988

I 989

1990

1991

111.00

190.00

225.80

487.00

683.90

190.00

336.68

8s0.00

124s.00

2365.00
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AFFENÐIX Ð: Farm Survey Questionnaire

77



D:

l.

2.

a
J.

for

(a)

I 989

(c) Total

i989

kg bags):

1 989

Farm Survey Questionnaire

Size of the Fann

1987

1990

I 988

(i) Basal dlessing: 1987

1 989

(Hectares)

Since when have you been growing wheat'/

For questions 3 (a) ancl 3 (b), we request you to give us data on the following

the period 1987 to l99l

Total wheat hectarage (ha.): l9B7

I 989 I 990

r 988

1991

(b) Total wheat output (in rnetric tonnes or 90

r99t

4. For questions 4 (a) to 4 (g), we woulcl like you

expenditures for the following inputs during the periocl

(a) Total expenditures on seed-wh eat I9B7

to give us data on

1987 to 1991.

1988

1989 I 990

(b) Total expenditures on fertilizers:

199 r

r 988

1990 t991

(ii) Top dressing: t987

1990

lime:

I 990

expenditures on 1987

1 988

1991

1988

1991

18



D: Falm Survey Questionnaire (Continuecl)

(cl) Total expenclitures on chernicals: l9g7

1 988

1990

I 989

(g) Toral

period:

1988

1 989

t99t

(e) Total expenditure on fuel (diesel ancl petrol) clirectiy usecl in wheat plocluction:

1981 _ 1988

I 989 I 990 1991

I 988

r99l

(Ð Total expenclitures on labour: 1987 _
r 990

expenclitures on

1987 I 988

1989 1 990 1991

5. For questions 5 (a) to 5 (e), we woulcl like you to give us clata on the quantities that

you used for the following inputs:

(a) Seed-wheat (in kilograms or tonnes): l9g7

1 990

(i) Basal dressing fertilizer: 1987

1988

OTHER variable inputs (e.g electricity) for.rhe same

1 989

t99l

I 989

199t

fertllizer: 1987 1 988

1990 -- 1991

(b)

I 990

(ii) Top clressing

1 989
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D: Farrn Survey Questionnaire (Continuecl)

(c) Lirne (in kilogr-arns): Iggj_ 1988

1989-1990-tqqt

(cl) Chernicals (in litres or.kgs): l9g7

r 988

I 990

(e) Fuel (in lirr-es): 1987

1 989

THANK YOU !!!

r 989

1991

1 988

1990 r991

80



APPENÐtrX E: FARM ÐATA

(i). Farm frlumber, F{ectarage and Output l_evels

(ii). Farm r{umber and vaniabre xnput euantities used

(iii). Farm Number and Variahle Input Frices
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E: (i). Farrn Nurnber, Hectarage ancì Output Levels

Fann Nunlber Hectarage Output Levelsr

1

1

1

1

2

2

2
2

3

-t

3

3

4
4

4
4

5

-5

5

5

6

6

6

6

7

7

1

7

I
8

8

8

9

9

9

9

10

10

10
10

i1
11

11

i1
12

72

l2
72

13

i3
13

13

1.02

165

200
200
200
250
250
207

20

20
25

50

52

52

55

55

75

75

75

80

60

15
80
65

25

30

30
25

120
120
120
t20
100

t20
120
120
100

130

140
140
120
120
r20
130

30

30

30
30

240
240
220
141

5082
1 1589

14000
14444
12889

12500
1 3889
13400

1000

1i11
1389
2500
1601

1652
1850
2150
1700
22oO

2700
4000
n78
3856
3889

3000
1389
2000

2000
1667

7200
7200
7200
9000

6500

7200
8400
7200
2000

2200

2600
3500

2282

4000
5820
7402

1350

1000

1300
1200

111i1
13333

I3333
10222
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E: (i). Fa.r'm Number, Hectarage ancl Output Levels (continuecl)

Farm Number Hectarage Output Levcls

14

t4
14

14

i5
15

15

15

16

16

16

1t)

t1
17

17

17

18

18

18

18

19

19

19

19

20

20

20
20

21

21,

¿t
21

22

22

22
22

23

23

23

23
aÀ

24

24
24

25

25

25
25
¿(\

26

26
26

1500

1500

1 500
1 600

180

230
230
230
130

130

130

130

140
140

140
120
120
150

150

t7o
14

6
1Á

20

25

15

T3

10

20
20

10

4
100

120
120
120

200
200
150

200
230
200
200
200
70

80

80
70

120

120
i30
130

24000
25000
34000
35000
9400

14311

14822
14822
7500

7500

7600
7600

6'700

4500
6800
6000
6500

7000
7-500

8800

600
300
280

1000
398

258
224
r72
778

900

-500

200
5800
7000

7000

6800

14444

13333

7000
14444
15870

14000

14000
14400

1.9M

2222

2222
1944

10667

71733
i 1556
13722
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E: (i). Farm Number., Hectar.age ancl Output Levels (continuecl)

Farnr Nunlber Hectarage Output Leveis

27

27
27
27

28

28
10

28

29

2L)

29

2t)

30

30

30
30

31

-Jl
31

31

32

32
32

-1-t

3-1

3-1

-l -)

-14

14

34
34
35

35
35

-J-')

-10

-10

36
1fì

700
700
7to
722

60

80

120
130

80

120
120
120

8

12

30
25

80

90

90
60

20

30

30
40

-50

80

i00
100

30

40
o4

64
70

70

90
100

110

120
108

105

45422
49000
52727
5305ó

2667

3-500

6500
i0000
2222

-)-1 J -t

4000
4667
990

1000
1000
950

355ó

4500
3960
3300
1444

2000
2000
2667

2500
5333

7000
7244
1000

976
2432
2460
2722

3033

3900
5500

8556

9233
9233
8400

{f Oufput Ìevel is measurecl in 90 kilogram bags
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E: (ii) Variable Input Quantities Usecls

Farnl Seecl-

Nunrber wheat
Basal-
fert'zers

Top-
l'ert'zel's

Chemicals Fuel

I 226
1 513
I 640
1 720
) \1^
2 500
2 600
2 500
348
348
360
3 t20
4 130
4 132
4 148
4 148
5 300
5 300
5 300
5 320
6 120
6 150
6 1L)2

6 182
790
7 108
7 108
190
8 312
8 3t2
8 432
8 432
9 200
9 240
9 240
9 240
10 200
10 260
10 280
10 310
11 1,47

li 602
11 860
11 335
1.2 60
12 60
1.2 60
t2 60
13 720
13 720

1128

1984
2200
2000

1400

1750
1500

r240
150

150

188

375

390

392
400
450
320
320
350

400
480
600
640

520
312
375
360

369
i800
1 800
1 800

1800

1200

1440
1440
1440
500

650
700
'700

960

960
960

1040

360

360
3ó0

360
2880

2880

1890

3135
4200
4000

24000
30000
25000
21000
2000
1600
1500

2250

560
570
600

600
900
900
900

1200
t20
150
160
130

2500
2700
2100
i500

12000

10800
7200
5400

r2000
12000

9600
7200
8000

9000
10500

10500

13200
12000
9600

7800
6147

3676
2669
i300

14/.00

12000

Labour

1840

3300
4000

4009

12380
16250
16250
13455

400
450
500
1000

3640
31.20

3025
3310

5250
4500
3375
3200
3600

3000
4000

2925
500
600
615

625

2400
2600
2800
2700

2000

2400
2475

2530
2190
2600
2800

3i 10

100'/

2050
2518
3415
6400

7385
8535

4240
4800
5100

663

661
800

1000

1400

r750
i500
1240

75
75
94

188

200
200
250
250
225

225
225
240
300
315
400
325
50
60
60

50
720
720
720
720

1000

1200
1200

1200
250
324
350

350
ó00

600
600

650

150

i50
150

1-50

1440
tMo

203
348
400
422
230
300
250
200
40
50
62

125

40

50
45

50

250
250
250
270
120
150
160
130

38

45
45

38

300
300
300
300
250
300
300
300
250
325
350
350
360
360
360
390
45

45
45

45

600

600
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E: (ü) Variable Input Quantities Usecl (continuecl)

Farm Seecl- Bas¿l- Top_ Chernicals FuelNunrber wheat fert'zers fert,z"rs
Labour

L3

13

14

14

14

14
i5
i5
15

15

16

16

16

1ó

17

t7
17

1'7

i8
18

18

18

19

1.9

19

19

20
20
20
¿l)

21

21

21

21

22

22
l¿
.1-l

23

¿-1

z-1

z-1

aÁ

24

24

24
25
25

25

25

660
505

2700
2700

2'700

2700
468
598

644

644
260

260
260
¿bl)
252
308

-1-to

288
300
360
440
500
31

30
31.

60
77

106

138

ó0
44
52
26

10
260

-1t¿
312
3'.|2
800

800
600

800

552
480
480
480
120
160

160
126

2640
t692
4000
4000
4000
4200
2160
2300
2070
1840
1560

1560

1560

1560
1400

1260

1260

1080
1200
1440
1 800

2040
126

54

126
180

244
157

127

100

200
200
100

40
1500

1 800
1 800
1 800
2500
2500
t875
2500

2760

2400
2400
2400
630

720
720

630

1320

652
2700
2700
2700
2700
950

920
920
920

1300

1300

1300

1300
1400

1260
1260

1 080
500
600

600

700
84

36

84
120
115

212

18

70
200
200
100

40
750
900

900

900
1750

1750

1312
r750
i380
1200

1200

nm
1.54

176
176

154

550
303
731
I-1 I

731
780
360
460
460
460
182
182
182
182
210
210
210
180

550
600
600

700
28

1.2

28

40
30

25

25

15

50

50

25

i0
160

1.92

192
192
300
300
225

300
345
300
300
300

175

200
200
175

9900

6345
65265

65625

65625

70000
19800

20700
16100
10350
14300
13000

13000

13000
21000
1 6800

14000

9600
20000
25000
30000
30000
1400

_540

1120
1600
2250

1350

650
450

2000
i600
500
200

4500

-5400
5400
5400

14000

14000

10500

14000
3ó800
22518
13400
6000

8400

8000

7200
5600

4400
2820
4235

4350

5000

4J 1t)

3600

4600
4850
6550
2600
3010

2890
3100
2800

3000

2950
2400
2500
2885

3000

1700
1662
712

1780

2375

500
300
260
200
400
455
200
100

2000
2400
2600
2750
4000
45 10

3462
4315
6900

4616
10345

5940
1400
i600
1100
1530
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E: (iii) Variable Inpur Prices (in Zanrbian Kwacha)

Farnr Seecl- Basal- Top_ Chemicals Fuel LabourNuntl¡er wheat fert'zers ferf'2".*

1

i
1

1

2

2

2

2

3

-1

3

3

4
4
4
4
5

5

-5

5

6

6

6

6

7

7
'7

7

8

8

I
8

9

9

9

9

10

10

10

10

11

1i
11

11

t2
t1-

12

I2
13

13

188.00

203.00
394.00

1300.00

188.00

203.00
394.00

1300.00

195.25
210.00
390.41)

1350.00

188.00

203.00

394.00
1300.00

195.25

210.00
390.49

i350.00
195.25

210.00
390.49

1350.00
203.00

320.00
380.00

1500.30

230.00

223.00
445.00

1385.00

203.00
320.00
380.00

1500.00

220.00
320.00
380.00

1500.30

230.00
223.00
445.00

1385.00

230.00
223.00
445.00
1385.00

212.00
297.20

6-5.00

85.15
300.00
490.00
73.00

95.00
370.00
530.00
75.15
92.00

396.00
515.00
73.00

95.00
370.00
530.00
72.45

i 15.00
330.75
500.00
12.45

115.00
330.75

500.00
83.00

120.19
363.00
500.00
79.50

130.00
375.00
505.00

/ 1.1)
97.60

344.00
520.00
83.00

120.19
363.00
500.00
79.50

130.40
37-5.00

540.00
80.12

89.10
368.00
505.00
77.50

99.00

5-5.00

70.00
360.00
400.00
5-5.10

60.00
340.00
424.95
57.00
62.15

300.00
435.70

55.10

60.00
340.00
424.95
60.00

72.00
362.00
4i0.00
57.00

62.15
300.00
435.70

57.60
90.30

370.00
434.90
63.40
77.50

355.00
433.00

51.60
90.30

370.00
434.90
60.00

77.00
370.00
440.00

63.40

77.50
35-5.00

433.00
50.95

80.00
375.00
439.00
64.00

86.30

265.00
301.25
390.00
505.32

1 81 .00
185.95

240.69
315.00
45.00
69.00

158.99

193.50

265.00
301.25
390.00
505.32

45.00
69.00

158.99

193.50

29.17

69.00
158.99

193.50
270.00
325.00
s09.95

402.00
47.00
71.00

157.00

186.00

16.00

63.35

179.30

184.00

17.50

76.00
157.90

198.00

280.ó0
342.00
407.12
525.75

280.60
342.00
407.12
525.75

20.00

68.00

2.668
3.5ó6
5.1 35

25.100
2.668
3.566
5.135

25.100
2.961
4.122
6.015

27.111
2.668
3.566
5.135

25.100
2.961
4.122
6.01-5

21.111
2.961
4.122
ó.015

27.111
2.553
3.885
7.112

28.000
3.0i 1

5.1 00
8.333

30.000
2.553
3.885
7.112

28.000
,55?
3.885
7.112

28.000
3.011

5.100
8.333

30.000
3.011

5.100
8.333

30.000
2.802
3.721

20.00

30.00
45.00

80.00
20.00

30.00
45.00
80.00

8.00
20.50
33.00

48.00

20.00

30.00
45.00
80.00

8.00
20.50

33.00

48.00

8.00

20.50
33.00
48.00
16.00
28.00
39.00

75.00

9.50
22.50

32.00

46.00
16.00

28.00

39.00
75.00

16.00

28.00
39.00

75.00

9.50

22.50
32.00

46.00
9.50

22.50
32.00

46.00

15.00

26.00
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E: (äi) Variable Input Prices (in Zanitian Kwacha) continuecl.

Farnr Seed- Basal- To¡:_ Chemicals Fuel Labou¡Nurnber wheat fert,zers fet.t'2e.,

26

26
26
za
27

27
27

27
28

28
28
1A

29

29
29

29

30

30
30
30
31

31

31

-J1

32

32
32
32
33

33

-1 -'t

33

:)4
i4
34

34

35

35
35

35

36

36
.JÓ

-1 t)

207.15
213.12
370.90

r679.80
210.50

237.20
468.00

1450.00

201.15
273.12

370.50
1679.80

222.00
305.00
375.00

1413.00

215.75

310.00
400.00

131)5.25

215.75
310.00
400.00

1395.25

222.00
305.00
375.00

14i3.00
2t5.7 5

310.00
400.00

1395.25

222.00
305.00
375.00

1413.00

210.50

237.20
468.00

1450.00

235.00
227.00

470.00
r500.00

85.00

107.60
360.30
4L)2.00

66.00

90.-50

374.00

-528.00
89.00

110.00

395.00
508.00
82.30

94.00
379.00
520.00
74.22

93.25
363.00
505.00
"t4.22

93.25
363.00
505.00
82.30

94.00
379.00
520.00
68.75

95.40
32-5.05

498.99

65.50

86.30
97.30

5M.00
66.00

89.95
374.00
528.00
90.00

115.00
368.00
560.00

62.00

100.00
366.50
430.00
63.00

80.s0
375.00
428.00

58.00
90.00

310.15

411.00
52.30

75.30
315.00
445.16

.56.00

85.00
330.45
420.00

56.00

88.00
350.13

424.00
52.30
75.30

315.00
445.16

56.00

85.00

330.45

420.00

52.30

75.30
315.00
445.16

59.10

87.00
350.00
409.95

63.00

80.50
375.00
428.00

288.00
312.00
405.00
510.00
24.00
66.00

179.30

197.00
35.10

77.35
156.00

198.00

32.00
64.05

165.00

1 85.15

42.30
70.00

163.50

193.00
30.1 6

75.00
163.50
193.00

32.00
64.M

165.00

1 85.1 5

285.00
322.00
399.00
537.23

187.50

190.60
283.30
400.00
273.50
320.00
412.55

512.00
273.50
328.75
412.55
530.00

3.225 8.75
4.910 25.00
7.375 40.00
30.874 -50.00
3.302 10.00
4.716 24.00
5.450 42.00
25.901 53.00
3.225 8.75
4.910 25.00
7.375 40.00
30.874 50.00
3.566 9.75
5.120 21..75

8.507 32.50
26.551 56.00
2.721 14.00
4.425 27.00
5.775 36.00
25.445 60.00
2.'721 14.00
4.425 27.00
5.175 3ó.00
25.445 60.00
3.566 9.7 5
5.120 21.75
8.507 32.50
26.551 5ó.00
2.721 14.00
4.425 27.00
5.775 36.00
25.441 60.00
3.566 9.75
5.120 21.45
8.507 32.50
26.551 56.00
3.302 10.00
4.716 24.00
5.450 42.W
25.901 53.00
3.302 12.00
6.000 i8.00
5.450 46.00
27.000 60.95
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