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" :ABSTRACT

f'é agricultural sector. Thej‘

fexchange puts a heavy demand on Pakistaj

‘ffuture growth in agricultural outpu. and(productivity that Pakistan
ffdesires is a function of the agricultural development model it pursues
'Tand the committment to which it is pursued.

‘ Tne purpose of this study was to investigate Pakistan 8 agricul—

ftural development model descri_ »it'and its environment and appraise
1its effectiveness. First, a descriptive appraisal was conducted

vitaking the form of relating Pakistan 8 agricultural development model

‘to that of a science-based"'agricultural developmen model.

ﬁmodel used by developed countries and most underdeveloped countries, V

*relies on the natural sciences, management sciences‘and social ‘cien-r.

ﬁces to produce and disseminate new technologies and guide institupl,";'

ﬂ'lfdevelopment. Secondly, empirical studies employing 1) an index

fnumberhapproach and 2) a total factor productivity model were. used in

festimating the benefits and rates of return to expenditures in agri-:'v

?cultural research and extension.hy



““wﬁThe descriptive appraisal indicated that while Pakistan pursues a

“fiscience-based model, it has not met with complete‘success. Low _hxf"*
}:lfunding levels, inadequate numbers of trained professionals and inad- '
equate equipment and facilities have constrained research and exten—iﬂ
‘tvsion efforts. Also, input and product market institutions have fﬁbl
“developed such that they militate against a more intensive use of
: inputs. Despite existing problems in the Pakistan agricultural sys-
Item, the empirical results indicate that expenditures on agricultural
‘ research and extension pay -a favorable rate of return. The marginal
3irates of return to investments in wheat research and extension ‘were h
J;between 60 to 85 percent and to maize research and extension, 18 to 26
percent. The overall marginal rate of return to all expenditures onbk
Vagricultural research and extension in‘Pakistan was betweenpSS.to:653,,

;percentg,»

fes
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© Chapter 1 .

" INTRODUCTION -

- 1.1 Introduction

Agriculture 18 Pakistan 8" largest single sector of‘the_economy

fand accountedvfor 30, 1 percent of the Gross Domestic Pr duct (GDP) in"

:=1981-82 (Table fThe sector employs 13 3 million workersvwhich %

accounts“”or 56 percent of Pakistan s total labor force (Pakistan,;f

:“iconomic‘Survey, 1981—82) The agricultural sector is also an impor-

_tant source of foreign exchange earnings.; Exports of rice accounted
for 19 1 percent of the total value of export earnings in 1980-81

b(Table 1 2). Cotton exports have also become a'large contributor to

'export earnings and accounted for 17 8 percentiof‘the value of total
export earnings in 1980—81. In total raw agricultural products
accounted for 48, 3 percent of the value of all Pakistan 8 exports
(Table 1.1). ‘ ‘

L Raw. agricultural products such as cotton, wool and leather pro-;
Jvide the: materials for many of Pakistan's industriess The value added
‘and employment opportunities provided by these industries make major A
contributions to Pakistan 8 GNP. Goods such as cotton yarn, cotton ;
‘cloth carpets and leather which are manufactured from raw agri—
cultural products accounted for 26 percent of the value of total
kexport earnings. When taken as a total, raw agricultural products and
,manufactured agricultural products provided Pakistan with over 75 per-

:cent of the value of its foreign exchange earnings.

he performance of the agricultural sector also influences the

gtrade balance with respect to the value of agricultural products that



http:contributor.to

;;ihble,l;lfnagiongi Income, Population gn&'ng,capita Tncome, 1972-73 to 1981-82.

FELTA T e . o 1981-82°
. 1972-73 1973-74 "1974-75 1975-76 1976-77 1977~78 1978-79 1979-80  1980-81 - (Provisional)

e mm e (in millions of rupees at conséént factor cost of 1959-60) - ~ - ~ - -

Gross Domestic IR S
Product (GDP) 35179 - 37901 39393 40699 41727 = 44805 47002 50423 53497 57045

Gross National o L
Product (GNP) 35360 .. 38085

©39651 41410 43022 - 47480  S0068 53575 56321 59636

Agriculture's .
Contribution o Lo ) P
to GNP 12821 13357 13074 . 13659 - 13998 . . 14364 14861 15859 16493 lv7160.
- Major Crops 7473 . 7844~ 7455 .. 7833 7944 115 8315 9105 989 - 9874
- Minor Crops 1478 1585 1679 ~ 1839 - 1920 1982 2023 2085 2125 2190
- Livestock 3651 . 3724 . 3799 3875 3991 . 4129 4281 4441 4616 4806 -
- Fishing 128 -~ 115 <82 s TBA 9% . 100 148 137 170 - 193~
~ Forestry 91 -89 590 26 45 . SR 94 90 93 93
e mooiloioo - (percent) |
Percentage L - S
Agriculture
GNP to . . o ) ' . ) 5 o s
total GNP 36.4  35.2. 332 33.6 335 321 316 315 300 -
-~-- '--:--- - -s--- -2 (In willions) - ---- - -- - _'-‘. T Tsm '
Population ©65.24 - 67.20°- - 69.21 "71.29  73.43 75.63- - 77.9n° - 80.23 . #2.60
k -=- - e L (in mpeeé) -te--s ‘—_-""-':-“,A-'k-,v-'—v-
‘Per Capitd . SR . ' TR e Rt
Gross Income . " 54277 ° . 586 .. . a28 643" 668 - 6A2 . y02

Source.. samsmian. ccunomic. survey, . 1981~82, GOF; Finance Division, Fconomic ‘Advisors Wing, Isjamabad.®



1.3

"}16 1;2'?9feign Trade and Current Account Figuies, 197576 to 1980—81; : ‘

1975~76 1976-f7 1977-78 1978-79 1979-80 198n-81

Cme e - e~ - « = (million rupees) = = -~ = - - -

Foreign Trade .

Total Exports 11,253 11,294 12,980 16,925 23,410 29,280
Total Imports 20,463 _23,012 27,815 _36,388 46,929 53,544‘_Hl
Trade Balance - 9,212 -11,748 -14,834 =19,463 =23,519 524,264 S
Balance of Pavments '° :  ."
Balance on Current - 8,177 - 8,93 - 4,838 -11,147 -11,336 -'9,811 .

Account :

Agricultural Exports
Rice 2,479 2,478 2,409 3,380 4,179 5,602
Raw Cotton 909. . 292 1,094 655 3,321 5,203
Other . 1,998 2,270 2,238 3,286 3,816 3,333
Total 5,386 5,040 5,741 7,321 11,316 14,138
Agricultural Exports as

Parcentage of Total === <--(percent) v~ = =~ - = = =~ = -
Rice 22.0 21,9 18.6 20,0 17.9 -1y.1°
Raw Cotton 8.1 2.6 8.4 3.9 14,2 17.8
Other 17.8 20.1 17.2 19.4 16.3 11.4
Total 47.9 44,6 44.2 43,3 48.3 48.3
Agriculturallv Based

Lommodity Exports = ====-==-=- (mllion rupees) - ~ = = = - = - - -
Cotton Yarn 1,422 1,172 1,060 1,956 2,038 2,050
Cotton Cloth 1,359 1,603 1,741 2,135 2,416 2,390
Carpets 719 912 1,171 1,765 2,198 2,243
Leather 596 647 637 1,247 1,264 892
Agricultural Imports
Vegetable oil 1,047 1,478 1,553 2,953 2,295 2,625
Wheat 1,785 660 1,337 3,504 1,041 633
Other 1,892 2,077 3,008 _ 2,942 3,667 4,606
Total 4,724 4,215 5,898 9,399 7,003 7,864
Agricultural Imoorts

2 Percentage of Total =~ -~ === - (percent) - = = = = = = = = = -
Vegetable oil 5.1 6.4 5.6 8.1 4,9 4,9
Wheat 8.7 2.9 4.8 9.6 2.2 1,2
Other 9.2 9.0 10.8 8.1 7.8.. 8.6
Total 23.1 18.3 21.2 25.8 14.9 14,7

Source: Pakistan Economic Survey, 1981-82 GOP, Finance Division, Economic
Advisors Wing, Islamabad. Foreien Trade Statistics, GOP,



.3, Vegatable 011 and theat Impoits and Production, 1973-74
0.t0.1981-82, Pakistan i agoooeo L

V.eg etable Oil'y . Uheat.l/ ‘

" Yeap ytg‘orts Production Total Imports _ Production  Tota

(thousand tonnes) X

197374 243 167 40 1083 7629
:“’19'74-'75’ 220 194 414 1617 7674
19t 176 267" 3 10 8691
1976-77 .1_73:'71_ zss 463 346 914
W w8 ws we s

i

‘1978

B m w wm,

1979800 195" 40" 600 s

198081 203 40 663 %

233 465 698 - - -

*.; Source: 1/  Aide Memoire on Pakistan's Requirements of Edible 0ils and Fats, . -
- found in Volume I, Edible Oilseeds Study, Office of International .
Cooperation and Davelopment, U.S, Department of Agriculture, .
Islamabad office. )

~
J

Agricultural Sctatistics of Pakistan, GOP, 1981,



”farédannually'imported.‘ The major agricultural‘”mport"are fegetable

”;the value and quantity.ﬁf import h declined sharply in‘the past

;few years as. a result offP kistan s-goodfwheat crops‘(Table l 3)

'However, as: the result of the rust epidemic in 1978 Pakistan was

forced to import the largest quantity of;wheat in its history. This

resulted in the value off?heat import being 9 6 percent of the value

jof total imports and adding to the negative trade balance.'

vp Three sources of demand exist for Pakistan s agricultural output.
The first source is Pakistan 8 population of 85 7 million (1982 ‘
'estimate) which is growing at an annual rate of 3 percent and will
continue to grow at this rate for some time. A second source of
'demand for agricultural output is the risingvper capita income ofvthe
»population., The third source of demand is for exports. . s
fimt The 1981 -82 real per capita gross income in Pakistan (Table l 1)
ihas increased by 30 percent over 1972-73 and is growing at an annual
rate of about 3 percent. - Rising incomes create a demand for more i}#%,
dgoods and ‘'services including agricultural products. An increase in‘
Zagricultural output is required to meet the demand for better nutri-tk

tional standards in Pakistan. Pakistan s daily per capita intake of

2255 calories and 62 0 grams of protein is 1ess;than the average world

daily per capita intake of 2590 calories and 69 3 grams of protein and

subslantially lower than the North and:“entral American average intake

of 3215 calories and 92A.Zgramsa f protein (FA‘ Production Yearbook v

In



1979). - pactstan’s’ agricultural output Will be called upon to close

t‘the nutritional gap

Rising incomes alsoﬁchangJitastes and preferences

,'capita income in a country like Pakistan isﬂalway as

Trising demand for vegetable oils and livestock products.w Vegetable

foil demand in Pakistan has risen from 410 thousand tons in 1973-74 t0'
'f698 thousand tons in 1981-82 which represents a: 70 percent increase
:(Table l 3).\ Demand projections for vegetable oils in 1991-92 are

;forecasted to be between 908 and 1239 thousand tons (Tabor, 1983).,;J

'fDomestic‘supply projections in 1991 92 are forecasted to be be

;263;and1333 thousand tons (Tabor, 1983).; Unless ways‘can be'found‘to
iincrease domestic production at a greater pace, the deficit will have
;to be made up for by increased imports adding to the existing neeative
’:trade balance.

S Rising incomes have increased the demand for livestock products,'

”in particular, poultry;meats.A Demand projections for- poultry meat in

;1990 forecast that 47 million broilers will be demanded which isls

substantial increase over the 1980—81 broiler production of 18 million

(Cook 1983)

i The third source: of demand for Pakistan 's agricultural products-l

'is the export market.~ As previously noted agricultural exports, in

particular rice and cotton, arejanv mportant source of foreign

exchange'earningl ,j

Pakistan 8 increasing population.,the desire for improved nutri-k'

‘tlonal standards fostered -bxv.f,r.iﬁinsfrm.inieowes ‘and the increasing depen-



;deice_ol‘rawland'”rocessed agricultural products as a source of

ﬁforeign exchange puts-a heavy demand:on the agricultural sector.i To
thi, demand«woul require total agricultural output to grow‘at
Srates of:4 to 5 percent or better to avoid large food import bills and?f
;balance of payments problems., However, the problem arises in that B
;Pakistan 's agricultural crop output growth rate is less than the f
‘frequired 4 to 5 percent. The annual growth rate of all crops which
:includes both food and fiber crops is around 3 3! percent ‘for the
«period 1973-74 to 1981-82 (Table 1 4),

The growth rates of the livestock sector have fared somewhat
rbetter. The growth rates for all meat production is 4 9 percent. The
growth rates for mutton and poultry are 8.5 and 15 4 percent respec-

‘tively. However, beef meat production which accounts for 45 percent

of all meat production only grew at a rate of 1 2 percent (Table 1 4)

‘Even at the present growth rates, the poultry industry for example,~

could not meet the projected demand for poultry meats;*{Any accelera-
tion of the growth rates in any of the livestock categories would also
require an accelerated growth rate in agricultural crop output for ‘
ifeed use well above the present 3 5 percent crop production growth
rate;,:_ : : o , .
‘:fy',ln'summary;‘Pakistan's agricultural séctorwisla‘dominant force in
fiééfecohoﬁy.v The fortunes of the agricultural sector can influence
;the wellbeing of other sectors such as manufacturing, construction,

,transport, wholesale and retail trade and the service sector. The

;exports and imports of raw and manufactured agricultural products



L8

';Table 1 4 Food ~Crop’ Production Index and MEat Production, 1973-74
' T to 1981-82.; o

Food Crops E o.‘ko/j' MEat Production
Production '*H:;' : S
Index Beef. . Mutton Poultry

i}fifo?"? (thousand tonnes) -:- -,“

|"1973-74'.f 196 356 s 19

_j1975-76o?"”:"fw" 367

288

w0 2

1980-81 - 249°

1981-82 258

Compound
Growth

Rates R L

4.9

‘Source: - Agricultural Statistics of Pakistan, GOP, 1981,



.of ‘ pay; nts.3 Pakistan s nel:tive balance on the current account

1efforts must be made to not only maintain a healthy agricultural sec-
:tor but also to strengthen it by providing an environment in which the
;sectors full potential is realized. The prominent position that agri-
culture plays in Pakistan's economy'makes‘agriculture a focal point"

around which programs can be builtﬁto foster economic growth andldeve-

lopment of the countiye

1.2 objectives.

rhe}growth in agricultural.output and productivity is fundamental

to the economic development of developing countries.’ In most deve- i

loping countries, like Pakistan, the bulk of the countr;' resources'

are in the agricultural secvor. The process of development is aided

by using the savings from the agricultural sec”orjto reinvest in agri-

fculture as well as to invest in other sectors of the economy:i ;hé;
Jsavings in the agricultural sector are brought about through the |
growthiin agricultural output and productivity.- The growth in agri—
cultural output and productivity is a function cf the agricultural
development model which a country pursues and the: commitment to which‘

ityis,pursued.

The purpose of this study is to look at the agricultural develop-

its effectiveness in terms of the rate of return ic produces from the

investments made in its agricultural research and extension system.

;E:i trade balance which in turn affects the balance .

fLTable 1 2) must be made up for by loans and foreign aid. Therefore,h

; d!l”of Pakistan, describe it and its environment and appraise &



T‘ific objectives of the study are;ff

to describe the}Pakistani agricultural research and extension

e enrironment within which it operates,

;system,and{

“”f:‘ to‘determine‘the overall rate of return to the Pakistani

jhagricultural research and extension system and compare the

fﬁrate of return to returns from other agricultural reseprch ﬁﬁ
;'fqand extension systems, and

lglii)' 'to determine the benefits, rates of return and to the extent

,possible, the distributional effects from investments in

'High Yielding Vaiiety (HYV) wheat and maizeicropsﬁin Pakistan|

,,l;3v Organization of the Study

Chapter 2 of the study first’ discusses; in general form several
"models of agricultural development and then describes the Pakistan f
Agricultural research and extension system, its environment and its
direction, Chapter 3 concentrates on describing the index number
_approach methodology and ‘uses it to estimate the benefits and distri-
1butional effects from Pskistan 8 investments in HYV wheat and maize
‘varieties. Rates of return for bo%h wheat and maize are- then calcue

,\<,.‘

'vlatedfrelating the estimated benefits calculated in the chapter to th

researchrand extension expenditures invested in each crop. Chapter 4

routlines the use of a productivity model that is used to estimate the

}rate ofireturn to the overall Pakistani investments in the research

saﬁd_"tension system. Chapter 5" is,ajsummary and discussion of the

7studv.

2



Chapter 2

3:PakistanYs“Agricultural*DevelopmentAModel?M

This chapter has several purposes., Although the,main thrustﬁ?f};

i”;purpose is to-describe the circumstances within which these returnsm
:i(orklosses) take place. To be able to better describe these cir-
,fcumstances,,the first thing that 1s done is to describe in a very
.ffgeneral way some agricultural development models. Secondly, thef ;;
Pakistan agricultural research and extension system is described andr
»fthirdly, the research and extension systems experiences and environ—’
‘;ment are described and related back to the discussion on: agricultural

'development models. .

létl Models of Agricultural Development

. Agriculture deve10pment throughout history has taken variousff?“‘

,'forms ‘each with different sources of growth and different agricultural

}output growth rates. A review of several agricultura'bmodels will
help set the stage for thinking about the agricultural development

strategies that Pakistan is pursuing;l!

'2;1.1 The frontier Model

The frontier model of agricultural development has represented .

1/ The thoughts and 1deas exp;i";é;élédﬁfilin ’~;s'éfc‘.t1‘on.;:2.f1 . 'r_'giigi;heavrl‘yj on
Ruttan (1982) . - ko f_'::f_;.‘ SR e SR ; ey e

[ ¢



hﬂtracts of land with little change in the existing technology of the

fﬁday., When the increasing population of a village put pressure on the

?iability of the present agricultural lands to feed them, either more
:iland would be brought into cultivation around the village or‘par
‘.the population would move to virgin lands. A more dramatic xa»v 15;5;
A;the Opening up of new lands in Australia and the Americas.fr

The frontior model . is an inappropriate model for Pakistan toh

follow because little frontier land still exists. Even though there
fexist large areas of cultivatable waste 1ands in Pakistan, these;
ilands require large capital inputs and new technologies to”make them

fproductive. g

2 1 2 The Conservation Agricultural Model
The conservation model arises out of the European experience of .

the intensification of crop and livestock production. With land4

resources virtually fixed agricultural output per unit of land wa

Jincreased by increasing soil fertility through the use of greenfmanure

crops and animal manure. The intensification of crop and livestock

;production was facilitated by better use of water resources“lnd labor;

‘the use of animal power and the use of ‘equipment. Most of these T'G”
inputs were produced within the agricultural sector and often from‘the
individual farm itself.

| The conservation model 1is also inappropriate as an agricultural
Ydevelopment model for Pakistan. The model is capable of sustaining
ygrowth rates of around 1 percent per year: which is far from Pakistan s

desired annual*growth5rate.



2 1.3 A Science—Based Agricultural Modef'%

The frontier and conservation agricultural models are5natural

ire ource based -agricultural models.zl' Their - contributionvto agriﬁ7

jtodays‘demands on agricultural output make the’modelsvinappropriate;
‘A more appropriate model to follow is a science-based agricultural ’
Vmodel which is followed by all developed countries and is now followed
'by most developing countries including Pakistan but with various
degrees of commitment and success.

: Science—based agriculture focuses on three main areasra

vgish”tThe use of high-payoff inputs 1
1jf;;??f:fihe,development»of efficient’technologiesuconsistent1withfaf

" country's resource endowments

l3)"'Institutional development that facilitates"A
"f“The first category of’ high-payoff inputs which : 110w j‘ "‘
payoff input model of Schultz (1964) are: classified”broadlv ag’ follnwn

(Ruttan, 1982, p. 25):

1) The capacity of public and private research institutions to |

‘produce new. technical knowledge'

‘Z)R;,The capacity of the industrial sector to. develop, produce

:Zand market new technical inputs’

2/ In addition to the frontier and conservation models described in
kR this gection, Ruttan (1982, p. 20) describes the urban-industrial
impact model, the diffusion model, the high-payoff input model
- and the induced innovation model. The science-based agricultural
model as described in this section draws from the ideas and con~-
cepts of these models.



3. The capacity of farmers to acquire new knowledge ahd to use

‘new inputs:effectively.

" consistent with'a country's" resource endowments means that tech-

‘xnologies be developed with a country s particular resource price

ratios in mind. That is, in a country such as Pakistan, where labor
is cheap relative to other inputs, the agricultural education,

research and extension system must produce technologies to exploit the

use of this relatively cheaper input. Attention to resource pricelgﬂ

ratios will ensure that an appropriate path of technological develop~‘
- ment is followed that will permit an optimum agricultural output

fresponse. Implicit in the science-based agricultural model and the

:development of efEicient technologies is that agricultural technology
is “location specific" and that advanced technology developed iu other
1countries or even in other areas of the same country may not be
wdirectly transferable.,
E Institutional development in the science-based agricultural model
encompasses the development of those institutions that directly
influence agriculture output and productivity. The most visible
'institutions are the agricultural education, research and extension
Scomponent along with the input and product market institutions;

The basic units of the agricultural education, research and
entension component are the university s and agricultural technical

,schools, research stations and research institutes and the extension

‘department . nstitutional development here refers to the organiza-

‘development of efficient technologies'



"tion of each of the units*along lines as dictated by the management

‘ sciences 80 that'resoucce ‘and manpower are used effectively and effi-

ciently.» This include, proper incentive mechanisms for scientists,?
‘:educators, extension specialists and administrators and a aystem of‘
'.financial support with the control timing and allocation of funds f
‘conducive to work being done on- significant prcblems in agriculture.
Institutional development of agricultural education, research and |
extnnsion also calls for the direct linkages between the three areas
so that new technologies are both appropriate and transferred as
frapidly as possible.

Institutional development in science-based agriculture also
4includes the development of input and product markets. The inputs
}used in the frontier: and conservation models were acquired on the farm
*or within the agricultural sector.r Most of the inputs required- by a
‘science-based agricultural model come from the non—agricultural sector
:and therefore, require resources to be devoted to the organization of
va marketing system. High yielding varieties, fertilizer, pesticides,
mechanical power and credit all have to be purchased from the non-
‘agricultural aector and be available at . specified times and quan-
Jtities.\ Institutional development must also take place in the product
.markets as the demand for marketing services increases with a rural to

'urban population shift and more products move through wholesale and

:retail'channels (Hayami and Ruttan, 1971, p. 268),

The social sciences, in particular economics, provide the guide-r

lines for‘the development of the structure ox the input and product 3

| >
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,umarketingbinstitutionsgthat are consistent with increased agricultural{:

';output and,productivit growth.

extension system. Science-based agriculture relies on the physical

5and biological sciences, management sciences and social sciences to‘
produce and disseminate new technologies and guide institutional deve-
.lopment that will provide the proper environment for optimum agri-~
cultural output and productivity growth., Evidence ‘exists that
productivity growth and the rate of return from employing a science-,
based agricultural model are high. The United States experience, the
experience of other developed nations and the high rates of return-to
investment in scilence-~based agriculture indicate that this model of
agricultural development has the potential to attain agricultural out-

put growth rates required by developing nations.3

2.2~ Pakistan's Agricultural Research’and Extension System

Pakistan has followed a science-based agricultural tradition that
extends into the British period of its history. The University at
Faisalabad (Lyallpur) began in 1909 and was an international model of
agricultural education and research. The heart of the science-basedgh

agricultural system, that of the agricultural education, research and'

gj._*Ruttan (1982, P. 242) and Pinstrup-Anderson (1982, p. 102) sum-
.~ marize the various studies on rates of return to agricultural
. research and extension. Most of the studies indicate a high rate
~ of return; higher than the 10-15 percent (above inflation) rate
of return required by private investment firms in the private
sector.

b



;extension component does exist in Pakistan today. At present there

re 65 agricultural education and research institutes in the country

{“which control 162 research stations, substations, cnnters,»sub-centers

Pzand laboratories (Wahid, 1982, p. 95). Each of the four provinces has

’éan Extension Department. Pakistan was one of the key green revolution-
vcountries adopting the high yielding varieties of maize, wheat and

| rice and the associated packages of technology.

| As noted above, there exists a very large number of research

institutes. The research institutes and organizations involved in

‘Pakistani agricultural research derive their, authority and funding

‘:from either the central Government or one of the four Provincial

4/

'Governments. The major agricultural research organizations are

given by ISNAR (1983) as follows:
Central Institutes

Pakistan Agricultural Research Council (PARC)
Atomic Energy Agency

Water and Power Development Authority (WAPDA)
Pakistan Science Foundation

Pakistan Central Cotton Committee (PCCC)
Pakistan Tobacco Board

Pakistan Forest Research Institute

Provincial Institutes

Agricultural Research Institutes‘
. Agricultural Universitinus

4/ ~The descriptic: of the Pakistan agricultural and research system
i~ 1in this section is based on the knowledge gained while the author
was in Pakistan as well as on several good reports on the subject
such as Amir Muhammed (1982), National Science Council of Pakig-
Ean (1982), Wahid (1982) and a very good description by ISNAR
1983).



aize and _heat (CIMMYT) and the InternationalzRice Research Institute ,
RRI) which are the most noticable and have ongoing programs within
7Pakistan{r

1947 independence partition 1eft;Pakistan without any

‘pestablished institutionsfintact.. The uthority over agriculture

”research and extension went toithe Provinces with little authority or
_resources given to the central organization of the federal government.

;The central organization is now called the Pakistan Agricultural :,'

x,esearch Council (PARC) after going through several name changes and
;reorganizations since 1947. The role played by PARC today is stronger
and ‘more important than its predecessors. PARC under its 1981 charter"
performs a coordinating role and provides funding for foreign tech-
fnical assistance, foreign training of both federul and provincial per-
sonnel and procurement of equipment. A substantial portion of the '
;development budget comes in the form of foreign exchange and is not
favailable for incountry expenditure.

'1<;iThe coordinated programs of PARC come under the name of National

'Coordinated Programs (NCPs,. There are twelve NCPs, some on ‘a com-”*fgf

fmodity basis like wheat, rice,'maiz andﬁsugarcane with other NCPs on
;an area basis 1ike oilseeds. Most of the national coordinators of

tNCPs are located at the Hational Agricultural Research Center (NARC)

e
<&
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jwhere ‘esea‘ch is not‘nowﬁ"eing conwvcted bﬁttheiprovinces. The NARC

falso rovide1 facilities for'training laboratories”‘libraries and

fthe national show case for Pakistan. At the time?of writing,

tbuilding site was almost complete and all departments not fully N

Zstaffed. NARL also ,upports the Arid Zone Agricultural Research
‘Institute (AZRI) in Quetta. -

The Atomic Energy Agency has two facilities in operation and‘one

jbeing built in the N.w F.Pg‘fThe Atomic Energy Agricultural Resea’hh'

Center (AEARC) in Tandojam, Sind wasistarted in 1960 and the National

Institute of Agriculture and Biology (NIAB), Faisalabad was formed in

1974. To date, no major varieties from these institutions have been

widely adopted by producers.,fﬁ

The Water And Power Development Aurhority (WAPDA) does most of

}Foundation funds small grants to. scientists.' The Pakistan Tobacco

Bo.rd and the Pakistan Forest Research Institute provide the research,

,in their ‘own areas..
Th"‘Pakistan Central Cotton Committee (PCCC) is the only agri— :

'cultural food and fiber crop exclusively controlled outside PARC and |

Pr vincial institutes. The PCCC is responsible for research not only

in'th‘ agronomic and genetic areas but.thronghout the entire cotton

indu ry'which includes the marketing, promotion, processing and manu-

-.!V:A. e
v SR .

facturing areas{fgp ff_ﬂ

esearch in Pakistan on irrigation systems. The Pakistan Scirnce

19



v;marketed cott;{' *Basedtin KaJachi& much of the research is done in

~‘stations at Multan and: Sakrand.o Although not on the same scale,~‘

’:Provincial insfitutes o-some,genetic and agronomic research as’ well.

The Provincial agricultural research institutes and their substa‘ﬁ

'tions in'eachtof the four provinces derive their authority and fundingi

:mthrough the Provincial agricultural ministries. These research insti-

fvtutes form thefbulk of the agricultural research capabilities in

Pakistan_f The institutes are located in Faisalabad (Punjab) Tandojam»

'f(Sind), Peshawar/Pirsabak (N.w F.P ) and Quetta (Baluchistan).v”.,,ﬁ{f'

v'/ Three agricultural universities exist in Pakistan at Faisalaba g

PTandojam and Peshawar. The universities are autonomous bodies which
‘_are ‘Provincial in character but deriving their funds through the
‘University Grants Commission which allocates funds given by the
»central government ° through the ministry of education. The

~Universities constitute the largest body of scientific manpower;with

dadvanced academic training (ISNAR, 1983). However, the role’ of:the"“‘“

Universities are largely as teaching institutions and not,reséarch“or

extension institutions. The three universities produced 1090 510 and
:5 graduates with B.Sc., M Sc. and Ph.D. degrees respectively in i
1980-81 (ISNAR, 1983).. | | -

*iPrior to 1961,,the University of Faisalabad (then Lyallpur)

3housed both the teaching and the provincial research capabilities.

fSubsequent to”1961 the teaching and research components were split

'int; hr‘present day institutions. The universities at Tandojam and

ﬁPeshawar'as well as the Sind and N W F P.vresearch institutes were

IZ"C) "
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ffestablished on the model of the split teaching—research institutes in

fithe Punjab.; There are those who express the idea that it is time to‘“"

jionc again merge the teaching and research institutes 8o that there isf

' a orevintegrated research and teaching effort.

‘:The agricultural extension system of Pakistan is set up on a pro-f

;vincial basis. Each province has an agricultural Extension Departmentf
‘which receives its funding and authority from ‘their respective provin-‘
cial governments. The departments are set up in the usual way with
;the focal point being the field personnel responsible for a certain‘
geographical area within a district. Field personnel in the past did
ltnot require much training beyond the high school stage however now,h%
?training is provided for one or two .years by most departments. The’y
yTraining and Visit system (T & V) which utilizes a more concentrated
'approach to extension has been initiated in some of the districts in
tthe Punjab but as yet is not wide spread. Some extension is carried
lout by research institutes and PARC through field days and yield

‘constraint and other farm trials.

.2.3 Pakistan's Experience with Science-Based Agriculture

The Science-based agricultural model has worked to Pakistan's
advantage. Science-based agriculture has helped Pakistan achieve the"
3. 5 percent growth rate in crop production and the growth rates .
fachieved in meat production as shown in Table 1, 4. However, Pakistan

2must not only sustain its present agricultural production growth rate f

;but attain a higher growth rate if it is to avoid large food import -
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“V"payments problems.

Although Pakistan s‘Science-based agricultural model has had

:achievements, not been a complete success._ Table 2.1 indicates.ﬁ

fthat the yields of the major crops in Pakistan lag behind the world

\

;averages and are one—half the yield of those countries that have
realized the best farm yields. Studies in Pakistan show that a Tﬁ""
substantial yield gap exists between the potential farm yield and the
actual farm yield and that On-Farm Yield Constraint Trial’ data indica-
tes that Pakistan can approach the farm yields of those countries that
yhave realized the best yields as presented in Table 2 1 (PARC 1981).
fSimilarly, in the livestock sector, milk production per animal and
*feed conversion to meat production are very low and a similar gap
jexists between the potential and actual farm production levels.

4 The constraints preventing the narrowing of the yield gap‘arejf'
both biological and socioeconomic. Gomez et al (1979) define the ihi
'biological constraints as variety, weeds, diseases and insects,
ploblem soils, water and soil fertility. They define the socioecono-‘
mic constraints as costs and returns, credit, traditions and attitu-7
des, knowledge, input availability and institutions. A well designed
science—based agricultural system must deal with these constraints.
It 18 clear that the science-based agricultural model in Pakistan has
failed to remove and narrow the major constraints to increased agri-
cultural output in both crop and livestock production. The fault

however, does not entirely lie with a science—based agricultural model
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d”‘It is possible in a general way to point out several key!indica-

[tors as to why scie :based agriculture in Pakistan,i'

;cessful as it might be.i The deficiency in the implementation of a

fscience-based agriculture in Pakistan can’ be found ‘n the;three key -

_areas of the‘research system, tie extension system and the input'and

product market'institutions.

vé?Uyl‘vThe Agricultural Research System

Two key indicatorsfas to why the agricultural research system of
jPakistan s science-based agricultural model has not risen to its full
‘potential is the history of its funding and its scientific staffing
situation.»;
- Table 2.2 indicates that Pakistan's expenditure on total research
'and development in 1980 was 0. 14 percent of GNP and is the lowest of
all the countries included in the table. Although the expenditures
presented in table*2 2~are total expenditures in addition to agri-
cultural research iL does indicate the support and dttitude of

research and development in Pakistan. o

x'Table 2 3 presents agricultural research and. development expen-

ditures 33 a Percentage of agriculture s contribution to GNP for et

Pakistan and the United States in 1978. It will be noted tha'
Pakistan 8 expenditure on agricultural research as a percentage of GNP

is one-quarter that of the United States while agriculture s contribu—

tion to ‘GNP in the United States was 3 1 percent while it was 29 3

percent in Pakistan.



vngSieA2;2_?E£§§ﬁdiﬁﬁr§fburnnseatcn‘and'DovqlquentrahgzvqffCHP; SéI§§£e§

./ Countries ™" b
" Africa . U Europe
Egypt (1973) 0.8 . - Belgium (1977) - 1.4
Ghana (1976) 0.9 Bulgaria (1978) 2,2
Kenya (1975) 0.8 Chechoslovakia (1978) 4,2
Madagascar (1971) 0.9 Denmark (1979) 1.0
Finland (1979) 1.1
. : Prance (1977) 1.8
North America . . Germany (1977) 2.1
o ) ! Fed. Rep.
Canada (1977) 1.1 . Hungary (1979) 3.2
U.S.A. (1979) 2.3 Netherlands (1978) 2,0
Norway (1978) 1.5
: . Celani (1975) 0.8
South America : Switzerland (1977) 2.2
S i - United KRingdom (1975) 2.1
Argentina - (1980). 0.9 Yugoslavia (1978) 1.1
Brazil (1978) 0.6
Oceanta
- Asia . ' S Australia (1976)
: o New Zealand (1975)
India (1977) 0.5 ) :
Iran (1974) 0.3 USSR (1979) -
- larael (1978) 2.5 B
- Japan (1979) 2.1
Korea (1979) 0.6
Turkey (1979) 0.6
0.14

Pakistar (1980)

" Source: UNESCO Year Book, 1981, ;
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.7 . Share of GNP, USA and'Pakistan, 1978.

United States . Pakistan. -

(millfon USA $) ~ (uillion rupees) -

TToralaw - 2,127,600 * 169,320

"Agriculcutei.s Contribution - S 1/ . P 3/»'.5, :
to GNP - 66,6007 49,5223

v

Percentage of Agricultura
- .GNP to Total GNP

'Expenditure on Agricul- ‘ L
tural Research . 1.147.43

Research Expenditures as ' e SN
% of Agriculture GNP L 17% R 004X

()
~

Sources: 1,
: ’ of Commerce,
Ruttan, V.W., Agricultural Research Policy, University of
Minnesota Press, 1982,
Pakistan Basic Facts, 1980-81, GOP, Finance Division,
. Appendix B, Table B-3.

(1)
~

I8lw
T .

Statistical Abstract of the United States, 1980, U.". Dapartmeilt' :



‘”Table 2'4 Number of Agricultural Scientists Compared
‘ o to Population, Selected Countriesf L

' Country

Agricultural Scientists
- Per 10,000 Population:

United Kingdom
Japan,

vsAl

Vo Gormany
France

India’

Pakistan

44.2

35.4

25.2

16.8

j3=b“¥
1.7,

0.4

Source: UNESCO Year Book, 1980.
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Table 2.4 indicates that Pakistan h

abvery low agricultural

lacientist to population ratio in relation to the developed countriea

fthat aupport a science-baaed agricultural system. The total scien-f>?

ltific manpower engaged in Pakistan's agricultural research in 1977-78

’waB 3, 169. Of the 3,169 research scientists, 250 held a Ph-D,;,‘..,

fheld a M Sc. and 1,282 a B. Sc. degree. Thus, 8 percent held a Ph.D;‘
and ia low compared to the 80 percent of the scientific manpower that
'held a Ph D. in the U.K.. agricultural research aystem (Wahid 1982).
vSince 1977 78, training has been stepped up through PARC however
‘there atill rema.na a gap in the number of trained acientiata .
required.,

It may be unfair to compare Pakistan's funding and scientific
staff requirementa to that of a premier research system like that,of“
the USA or to some of the other developed countries. Pakistan a' -
funding and ataffing requirements may well be less in relation to the
_premier reaearch institutions in order to be effective particularly
when they have the aupport from international research institutions.
While this may be *rue, the levela of funding and staffing appear to
be too‘low according~tofa‘report of‘alreconnisaance team on the agri-
cultural research ayatemiof Pakistan by Pray et al (1982). The report
auggests thac low funding levels and scientific staff shortages lead
to and compound the problems of the research system. Among their fin-
dings were that the linkages between agricultural education, reaearch
extenaion and agro-induatry is very . weak. Capital items such as farm

machinery, laboratory equipment and library facilities were aeriously

e
P [‘/ X
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:ﬁiﬁadéqaace; They also found that scientific staff numbers at the

;?Ph D. and M.Sc. levels were inadequate and that a poor salary struc-
jture exists along with a general lack of an. environment conducive to
.proper research and teaching. They also noted that managerial skills
‘were lacking at all levels in the research system. o o
The wheat rust epidemic in 1977 78 and the gran blight epidemic‘
fin 1980-81 (See Appendix F for a full description) serve as two prime
experiences where a full functioning science-based agriculture could
_have decreased the adverse economic impacts trom decreasea production.
The system failed ‘to ‘use existing information available fr0m its pre-
;Vious experiences and experiences from other countries. The estimated

losses from the wheat rust epidemic were in the order of Rs. 1 157

million (U.S. S§116.8° mil ) (see Appendix F) This amount is some 4 5

'times the total funds expende in the entire Pakistan'research and

extension sys.em in the ‘same year.,

z 3 2 "The Extension Service

While P _istan s conventional field assistant extension system is_
well developed on paper in the form of organizational charts, it is

1not clear that is has played a major ‘role in the diffusion of new

:technology or increased productivity. In an extensive study,; ;f;

tLowdermilk (1972) found that extension contacts with Pakistani farmers
'were statistically not significant with respect to 1) HYV wheat adop-
'tion (p. 213) and 2) the level of nitrogen use (p. 263). In a summary
statement on extension (p. 350) he cites extremely low levels of con-

tacts between farmers and extension personnel. Information sources
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. were mostly infefﬁgfﬁon@i;ﬁﬁéﬁihéfﬁéigﬁbdré}ffélhfivéqféhdﬂédﬁﬁéi1n~
members .
Low levels of contact between farmers: and:extension personnel are

ot of itself aufficlent evidence to conclude that the'extension

Téigﬁégfhas'iittle éffect‘oﬁ1iﬁcféggédfpf$dﬁé£i§ity;‘inééﬁéid ke
:Jé;y;£§7;6ncehtiating their efforts on feﬁéfbfarﬁers bht»ffé@[?hi\
Jﬁg;fé'is a flow of information to others. However, thé'fﬁliaﬁiﬁgfiyv
Vpaiagraph of Lowdermilk's may negate this premise. o

"It must be realized that he [field assistant] is ill-trained
for problems of modernization of agriculture, provided almost
no in-service training, has only very meager technical
assistance by crop specialists, has far too high a farmer-
extension ratio, has no housing, transportation facilities
provided by the Department, is provided with little medical
assistance, is paid a very small salary, has almost no oppor-
tunities for advancement through further training, is poorly
supervised, provided few incentives and little motivation for
improvement, studies and reads very little for self improve-
ment, has too much paper work and diary writing and is often
the pawn moved and ordered around by a top-heavy bureaucracy.
Many of the present F.A.s exhibit deficiencies in knowledge
about the new varieties and most have difficulties in problem
solving situations concerning recommendations to make farmers
facing certain problems.” (Lowdermilk, 1972, p. 362)

Although Lowdermilk's appraisal was written in 1972, contacts ‘
‘with exﬁensioq people, research scientists and others lead me to
believe that the extension system has not changed much in the inter-

'vening years. With the exception of the Training and Visit Systémf(T

& V) initiated recently in a few,diétficts and new efforts,to ihqfeé§e ,

‘field assistant training, much df,L¢hdgrmilk's appraisalﬂoffthéféxﬁéhfi

‘sion system holds true t@day;”ji o

A sclence-based agricgltﬁféijéjéﬁéﬁ:ﬁithpqﬁ;afﬁﬁliyéfﬁnéﬁiéhiﬁgf~i

N PP

extension system constréint§fthg;béh§fiﬁ;i;»bw;mayf§¢cfue3£fpﬁg: e

w
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efresearch system. An extension system tha '

3cers has also~a_constraining~influenc {7

2 3 3 The Input and Product Markethnvironment :

The input and product'marke nv 'onment within whichzmhﬁqagrﬁa

k:inputs and credit required by science—based agricultnre in Pakistan.
~The government is heavily involved in the logistics and handling of
_fertilizers, pesticides, herbicides, and the distribution of improved
seeds. However, other than some improved seeds, these inputs are not
used on a very large scale. Herbicides are virtually not used in 7

,Pakistan. In 1980-81, pesticides were used on 4.8 percent of the‘byh
;vcropped area (Agricultural Statistics of Pakistan, 1981, pp. 130-131)
| Eertilizer consumption in Pakistan in 1979-80 was 51 kgs per hectare

compared to 111 in the USA, 312 in France, 478 in Japan and 805 in the
Netherlands (Agricultural Statistics of Pakistan, 1981, p. 125)., The
average 51 kgs/ha falls short- of the recommended fertilizer levels by
the directorate of soil fertility. In the case of wheat alone which

comprises over a third of the cropped acreage in any given year,

recommended (agronomic) application rates for irrigated wheat are



gtilizer, lack of-knowledge’ lack‘o/.funds (credit) and desired fer-'-i

'tilizers not timely_availabl were the three principle reason"ugivenf

'(National Fertilizer Lorporation of Pakistan,,1981, p. 27)

There is also a shortage of good quality seed for distribution.i

fAbout 20 percent of wheat acreage is still sown to the older

'fvarieties of wheat (Tablefj—é) IS Of the 80 percent sown'to YV's, 75

fpercent is sown to varieties that are no longer recommendedubecause ‘of
}4iﬁsase~suceptibility.2/

ln the product markets, the government is involved in the procure-

ﬁmen) of wheat (see Appendix E) and rice and sets procurement prices. f;

jOn export commodities such as rice and cotton, .an export tax’"'

;levied1'The result is that for most of the domestic commodities,i

*domestic prices are" lowerxthan border prices. In 1980-&1 domestic

pr ces as a percentage_of border prices for wheat were 75%, seed cot-:-'

ton 95% Bosmati Rice 61% IRRI rice 50% and sugarcane 72%. timesff

‘cotton and sugarcane prices have been supported above the border price

§jf - This does indicate that an increased effort is required by the

" extension component, however, there are areas in Pakistan that
required the seed to be planted at lower depths than normal to
have access to moisture. In wheat, the length of the first shoot
is proportional to the height of the plant and semi-dwarf varieties
have difficulty emerging from the ground. Thus, tall varieties do
better. This underscores the value of location specific varieties.

2/: Based on varietal surveys of the Punjab in 1981-82, 76 percent of
: the farmers used varieties that were not recommended (Punjab
Ministry of Agriculture). :
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s 1 1977-78 when thisy were at levels of 1074 and 221% (World Banki

f Clearly the subsidies have gone mainly to consumers, and been
‘paid for mostly by farmers through excise taxes and lower than
free market prices. Taxes on rice and cotton alone have been
substantially greater than total farm subsidies (excluding
subsidized credit)... In addition, these taxes, export
restriction and other measures have extracted an even
larger'tax' from farmers in the form of lower than free market
prices for commodities consumer. Within Pakistan ees, less
than free market prices..., for wheat, for example, reduced
farm income from marketed wheat by more than 10 times the
amount of government subsidies that might reasonably bu attri-
buted to the benefits of wheat production, ..."

The price distortions caused by government intervention not only

"duce ‘an imbalanced cropping pattern but may in. part explain the low

tleve‘_use of science-based agricultural inputs. While inpuf‘

,'vailability is a major constraint, a maturer input market system may _f

fhave developed had there been more demand through a higher productga‘

»price-input price ratio. The social sciences, in particular econo—i

lfmics, provide the guidelines for the development of the structureiof‘;'

E,the input and product marketing institutions that are consiste‘t with

;Jincre sed agricultural output and productivity growth.

7
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‘ fiﬁ#i“sﬁﬁﬁéfy'and Discussion
The frontier or conservation agricultural development models are
Ffunlikely to provide the growth in output and productivity required by

hfPakistan in the future. A more promising agricultural development W

‘f“model is that of a science—based model relying on the natural scien—/

'ifces, management sciences and social sciences to produce and dissemi--

| nate new technologies and guide institutional development. While ﬂ:

Pakistan does follow a science—based agricultural model, it has met‘:

with less than complete success;u

necessary resources, programs and‘effort to science—based agriculture
vhas inhibited the further removal of biological and socioeconomic

‘constraints that are present in the Pakistan agricultural system,

fIt is‘noifthe inte _ion to suggest that a science~based agri-

;culture‘can avoid each andﬂevery production emergency and crisis |

fsituation.aiﬂowever, it is suggested that science—based agriculture

m;x,

f¢5ﬁ' ze the effect of many situations.; Th'feffects of the gram"

blight and;wheat rust epidemic could have been minimized. However, -

:the Pa_istan research and extension system failed to use existing

linformation available from its and other countries’ experiences._ ;:f5

;cultural research and extedsion system. inds itself Chapters 3 and 4-

lnow turn to estimating\the rates of return to the agricultural

ﬁresearch and extensionﬁsystem.[

' The inability to fully commit the ‘

Given the description of:;he environment that the Pakistan agri-ﬁ

24
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. 'CHAPTER "3

Estimation“of the Benefits, Welfare Distribution and Rate of Return
o To Wheat and Maize Research and Extension P

311.“1

This chapter is concerned with: arriving at rates of return to

”agricultural research ‘and extension investments within Pakistan. The

kwheat and maize crops have been chosen for the analysis primarilyk
‘because of; 1) their importance as the number one and number three
'staple crops respectively, 2) along with the rice crop, they have beer
) the recipients of large research and extension budgets and are affi-:
liated with international organizations, and 3) the availability of :
data necessary for the analysis. | | |

The analysis will employ an index nvmber approach to obtain'the

.»returns from research and extension inveutments. Section 3 2 presents

Zfan overview of the index number approach and the estimates gyhthe;f
ﬁibenefits for wheat and maize are given in sections 3 3 and 3 4,respec-
'.tively. Section 3.5 relates the benefits to the expenditures and )
;lcalculates the rates of return. Section 3 6 presents some of the

:idistributional effects from research and extension investments and

‘isection 3 7 ends with a summary and discussion.

: 3 2 Anvoverview'of the Index Number Approach

The index number approach (consumer-producer surplus approach)

iiestimates the b°nefits to agricultural research by measuring the
::change in consumer surplus (CS) and producer surplus (PS) from a
firightward shift in the supply curve that has been brought about

"through technological change.'



Given a perfectly competative industry ’no‘import or export

1¥restrictions and marketable surplus equal to production,

th._afsh,éns_é An
CS and PS given a supply shift is demonstrate\; ‘flfhfi% 1. The '
pre—innovation supply curve S0 shifts to the right to the post- ‘
innovation supply curve S1 because of the adoption of ‘a new technology
(in this case, HYV seed). Thus the actual market situation is

expressed by supply curve S1 and demand curve d intersecting‘at the v
lactual price P1 : S0 on the otherhand represents the supply curve that

would have existed had researchers not improved varieties or. farmersv

not adopted them. [The market ‘situation would then be expressed:by the‘
,intersection of S0 and d resulting in price P0

" The change in consumer welfare (CS) from the supply shift is e
represented by area POABPI. The change in CS is positive and repree‘
o sents a gain because of the drop in price from P0 to P1 The change
«in the producers welfare (PS) from the supply shift is represented by
area GOB minus area POAGPI' Area AOB is a gain to producers from a
iylower cost per unit of output and increased quantity marketed Q0 to -
Ql' Area POAGP1 represents the loss to producers from the price fall

from P0 to P, and is zerro for a perfectly elastic demand curve and

f otherwise negative. PS may be either positive or negative and depends

' “on the magnitudes of the supply and demand elasticities.. Howeve ,"

highly elastic demand curves result in large POAGP1 areas which

,invariably result in‘negative PS numbers.

" Once CS andfPSfare'calculated,the 3r°35han@u§11péééafgﬁzbéﬁeiiféﬂi



3.3

&:So Pre-innovation
i {supply curve': i s Post-»
R AN I TR innovation
‘supply
‘curve

Denand,

‘Pi%QOﬁf o ‘“tgi:'; ’ Quantity

Figure 3.1 Model of Benefits ffom Crop Varistal Inprovement



3.4

ff(GARB) can be calculated and is represented by area”AOB.1(~“a’i'l‘

Following Akino and Hayami (1974), Figure 3 1 can_be“mathemati-

f;cally expressed. A two dimensional constant e1asticit. demand func-
‘ {tion is assumed and represented annually by equation 3’1‘
ffwhere q is the quantity demanded, P is the price, n is the price f\
elasticity of demand and His a parameter representing the variables
that influence the demand other than its own price. In the same |
manner, a two. dimensional constant elasticity supply function is ;"l;

assumed as follous:

q =‘cpYu”‘ (3.2)

| where q is the quantity supplied by producers,9Pﬁis th’”price received

;:by producers, Y is the pric‘ elalﬁicity of supply, and G.1i anpara-f

“jmeter representing the variab es that influence the supply other than
'_lits own price.
The hypothetical supply function So in Figure 3 1 is the supply
'ifunction that would have existed had there been no research that deve—
iloped new higher yielding varieties. Thus the assumption is made that
.So is somevpercentage 'h! less than the actual supply function S1 and
'is specified as follows.

a= (1 - hyee" (3 3)

‘7where h is the percentage by which the current supply S0 shifts 1eft

;i!?ﬁ‘Tb see that area AOB is equal to GARB, let’A-- Area POAGPI’

"B = area ABG, and C = area GOB then: cs = A+ B and PS = C + A.
""" Therefore GARB = C5 + PS = B + C because A 1s positive for CS
- and negative for PS.



?if new ”arieties are replaced by oldjvarieties in a given year.',ff}f

,;lSince the supply function~ n c ,parative'statics is the marginal

fcost function derived from the production function, the rate of shift

ﬂin the marginal cost function (h) is related to the rate of shift in
‘the production function (k).' The relationship between h and. k is
2/

'”approximated as- fOllOWS‘—rJ

(34 y

bstimates,of the,annual benefits (GARB) may be calculated once the

’following data and information is made available. 1) supply and demand
felasticities, 2) yearly price and’ quantity data, and 3) the annual |
leftward shift in the actual supply curve S1 in order to establish the
pre-innovation supply curve S (usually called the supply shifter k).
fo substituting k n Y, Pl and Q1 into the following approximation_

Qformulas of Akino and Hayami (1974), annual estimates of PS CS and ;

C_GARB are obtained.3/
area GOB f' =‘kp0q0

[

o paank(L + y) Yor (1 TR E s
o . 2070 . _ 2kl +y)n
area P AGP, - ; S f2k(1l + v)

2/ k is traditionally know as the supply shifter as in the articles .
» by Griliches (1958), Peterson (1967) and Ayer and Schuh (1972).
liowever Akino aund Hayami interpret k as a production function
shifter. The mathematical derivation can be seen in the appen-
dices to Hayami and Akino (1977 p. 52).
-3/ The approximation formulas are derived with the assumption of a
B neutral shift in the aggregate production function. The
mathematical derivation of the formulas are given in Hayami and
Akino (1977).
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: '.‘.OP0 and qo = OQ1

"Rate of return figures may then bevcalculated from the’ annual

'}jeam of benefits derived from the index number approach:and theg,;

‘Cassociated annual stream of research costs of the ne_'technology

, The‘index number approach has gone through an evolutioﬁ“sinceﬂjhe
tGriliches hybrid corn study in 1958. This’"first generation model -
hused a unitary elastic ‘demand curve and estimated returns for both a
‘perfectly elastic and inelastic supply curve with a crude guesstimate
of the supply shifter k. Although the model was crude, Griliches
4(1958),‘along with the pioneering work by Schultz (1953), started
people thinking about the returns to research and led to "second
rgeneration models that gave more‘attention to elasticities of supply
vand demand estimation of expenditures, the shift parameter k and the

uchange in the distribution of income from technological change. Among

ﬂthe early second generation models were a poultry study by Peterson

4(1967), a Brazilian cotton study by Ayer and Schuh (1972), the AkianJ'

fand Hayami (1974) study on rice in Japan as previously noted and _.é

kSchmitz and Seckler (1970) tomato harvester study. V ‘

: - Two studies in particular, that of Scobie arnd Posada (1977) andf
LHayami and Herdt (1977) brought the income distribution analysis
ifurther than the earlier models. The Scobie and Posada model looked
at CS and PS disaggregated by income 1evels and farm size as well as
»between irrigated and non—irrigated producers. The Hayami and Herdth

‘model disaggregated producers into small and large producers and added

a home consump =ion demand., A home consumption demand was added ~¢xf;ﬁ

e
LMK“
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fbecause marketable surplus does not equal production for ric“‘in the .

flPhilippines, rather home consumption plus marketable surplus equals

.fhproduction;;_Following up the Akino-Hayami.

jémodels, Nguyen (1977) extends the models t ;includeka'Jeilingnprice.

,;A study by Evenson et al (1977) in a similar;vain includes a vargetﬁi
' adomestic price in the analysis. e L - .
: Evenson (1980) takes the concept‘of measuring benefits from>”
Vresearch a step further by introducing duality models with a system of
v-‘output supply and input demand functions. Changes in the supply of a
commodity from the adoption of new technology can then be traced
throughout the agricultural sector.

Several good literature reviews exist on the state of the’art of

'the index number approach. These include Schuh and Tollini (1978),

,Scobie (1979), Norton and Davis (1981) and Zentner (1982).; A list of

rate of return studies using the index number approach and their”asso-
ciated rate of return figures are available in Ruttan (1982 p.‘242)

and Pinstrup-Anderson:(1982, p.7102).

f?3 3 Estimates of the Benefits from Wheat Research and Extension _T:
| The perfectly competitive, free trade, marketable surplus equal
Tproduction model in Figure 3 1 will have to be altered for the case of
-.wheat in Pakistan. First, a sizeable portion of wheat production is .
;’used in home consumption. The 1960 Pakistan Census of Agriculture )
‘:reported that marketed production represented 34 percent of total pro-

;3duction whereas the 1981 survey by the Agricultural Prices Commission

\,LQ



ff(l98l) estimated that 60 percent of total production was marketable

ffsurplus.‘ With the increase in both wheat‘yield per hectare and hec-

:ftares sown to wheat, the marketable surplus would have risen since_ ‘

fl960 however it may be slightly 1ower than the Ao percent survey

4/

ffigure owing to the nature of the survey.—-¢

Secondly, the price is altered’by two government 1nterventions in

;the wheat market. These are imports and a domestic wheat procurement

‘programithhe wheatipricing and marketing svstem“is described and
idiscussed in Appendix E. :' | : vvgi.p. o | |
» Figure 3. 2 depicts the modified model. The wheat price P2’
lthrough government intervention lies below the eauilibrium price after
.technological change.éj The total quantity available Q2 is made up of
udomestic production OQ0 and imports QOQZ' The home . consumption demand
fcurve is depicted by DhH' ' ( | I

In the absence of the adoption of HYV's by producers, S0 becomes
fthe relavent supply curve. If it were assumed that no government
iintervention took place, then the price P0 would reign and ACS, APS
gand GARB would be calculated in a similar manner as that of maize in

‘section 3. 4 of this chapter., However given that there was government

Tintervention in the post HYV adoption periods, there certainly would

éj The survey was conducted in predominantly surplus wheat areas, -

3/ Doumestic procurement programs generally suggest a price support:
system. However, in the case of Pakistan, the procurement ;

system is neutral at best. The combination of the procurement

and import policies suggest a price below the equilibrium

price after technological change, (see Appendix E.)

T
b



| Figure 3.2 Model'of Benefits from Wheat Varietal Inprovement
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‘have been government intervention in the absence of HYV adoption.: . Theﬁ

Iquestion is what would have been the government 8. polic”‘k

1would price P2 have been located in Figure 3. 2? For this analysis,

the assumption is be made that the government 8 policy have been:v
S to import the deficit and that the pricing policy would have(remained E
;the same. That is the wheat price P2 would have been the same under
?the two situations.:,' | | |

téﬁy The assumption that ‘the price would have stayed at the same level
.fis based on the following. Wheat is the-staple food of Pakistan, .
;Seventy-two percent of all calories and 76 percent of all protein con~
f:sumption is derived from cereals in Pakistan of which wheat makes up
390 percent of all cereal intake (Khan et al, 1976). Pakistani govern—
'ments have always been sensitive to the wheat price and the social
unrest that can be caused by high wheat prices. ‘When asked who has
kthe final say in the. cabinet on the level that wheat prices are to be
- set, the reply is the Minister of the Interior who is responsible for

6/“

;law and orderu-v

Under the assumption that the Government would have intervened

'ﬁand kept the price at P2 in the absence of the adoption of HYV's, the
fchange in PS would then be Area DOC. This area corresponds to that;

'~amount saved because of lower costs per unit of output and represents

6/ What is required is a model of Government behavior that would
“T " predict their policies under various 'what-if' scendrios. The
state of the art in this area is somewhat limited. For an
attempt to introduce government behavioral equatiuns into
models, see Gerrard (1981).
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‘“a gain.u Because ‘the price stays the same the loss in revenue to pro-‘

fducers from a price decrease as described by Figure 3 1 1is zero.« This

halso means ‘that the change in CS is zero since there was no change in

;theaprice. Thus GARB is equal to. APS which is equal to Area DOC.7[ '

As noted previously, imports are QOQ2 given supply curve S1 In

:the\absence of HYV's (i.e. supply curve So), an additional amount
jQQO would have been imported at a cost in foreign exchange of QQ x
P, (world wheat price). Thus an amount QQo X P, minus the foreign
}exchanae reauirements for the development of HYV's represents a gain
-to Pakistan in that these funds may then be spent on other goods and
serVices. | | | |

Table 3. 1 presents the’prices, quantities and shift parameters

gused to calculate GARB. The price (P2) is the procurement price and

the quantity (Qo) is yearly production.

The yearly supply parameter k is derived in Appendix c and is
Abased on a HYV wheat yleld advantage of 1 40 weighted by the proporf
;tion of area sown to HYV wheat in Pakistan 8/ (table C-S) As stated
;in the objectives in Chapter 1, the analysis was. to only look at bene-

?fits derived from research and extension that the Pakistan agri-

,Zy The home consumption demand curve DhH in Figure 3.2 does not

/ enter into the calculations. The gain by producers from a lower
cost per unit of output as expressed by Area DOC exists
regardless of the market the wheat ends up in.

o
'\

The yleld advantage figure of 1.40 is derived from On~Farm Yield
Constraints data and is the average increased yield (i.e. 40%)
from using an HYV variety over an old tall variety holding other
inputs constant. See Appendix C for the construction of the
yield advantage figure.
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1980-81

(Rs./tbnné)
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-361.8
© 375.3

455.5

402.0

455.5

455.5

455.5

602.8

683.3

991.3

991.3

991.3

991.3

1,205.8
1,250.0
1,450.0
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Sources: _l/»~AgriCultural;Sfatiéﬁicsjof’Pakistén;fédf;*198i§;

. 2/ Table C-5 and text of Appendix C.
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fcultural research and extension systemhplayedta.part:'ﬁThus5tahle13;1f;

;k tapers off in the latter years reflecting the increased use of HYVlfi

vintro“uctions.. This is also true for the foreign exchange savings P f%}

gjl‘"The APS wl:izh is Area DOC in figure 3.2 is- calculated using the .
-~ s8ame formula as calculating Area AOC in Figure 3.1. The Foreign
exchange earnings are calculated by using the approximation .. -
formula by Akino and Hayami (1974). QQ0 X P = (1 + y)kP QO.'
(P can be found in table E-1, Appendix E.) "

10/ The choice of the agricultural wages deflator (D2) over the
Pakistan CPI deflator results in lower yearly 1959-60 constant
benefits (see table B-6, Appendix B). The choice of D2 as the
deflator of the benefits is compatible with its use to deflate

research salary expenditures that are used to calculate rates
of return in section 3.5.1.

)



Table 3.2 Benefits and Foreign Exchange ‘Savings’ from HYV Wheat. Adopeion

- Benefits (GARB) . -~ Foreign Exchange Savings
L ey Category .~ Total ’ Category ~ Category
Year- " - III IV R : I1I v
Year o @ Ty ) (5):

11's 1959-60 Re) - ~ — = ~ - — - -3

1964-65 . 31.6 . . -
1966-67 111.9
1967-68 211.7
1968-69 211.4
1969-70 - 255.4
1970-71 213.0
1971-72 218.6
1972-73  291.7
1973-74 195.5
197475 263.1
1975-76 244.2
1976-77 255.6
1977-78 192.8
1978-79 200.2
1979-80 157.8
- 1980-81 o 115.0

SoutcE?  See?té*f;yézi}fi;:



%lopment,of HYV's however, given thatHP are border prices
iKarachi, the cost in handling and transportation of quantity QQO} :
5centers of consumption within Pakistan would equal the correction”‘

An analysis of the sensitivity of GARB and the foreign exchange'

?savings to a change in the shift parameter was - undertaken.

A”shift of
ik + 152 shifted both GARB and foreign exchange savingsibyllO.tOVISft',

ﬁpercent.

f3.4:7bstimates of the Benefits from Maize Research and Extension

: The maize industry in Pakistan is not subject to as much govern-
ment intervention as the wheat industry. Although maize imports and
fexports are controlled by the government and virtually no- inter-v-

»national trade takes place, there is no effective procurement program.

fThus, the maize market can ‘be characterized by Figure 3 l in that" -

5price and quantity find their own level. However*Vawhome‘c nsumption

gdemand.curve is added. It is estimated that between 75 to:80 percent

?of total maize production in Pakistan is. used for‘home nonsumption

Maize accounts for ‘5, 7T'

;(Chatha and Rehman (1981) and Izuno (1976)){m

;purcent 'f total cereal production.f Itsiper capita consumption is 9

;kg jerqyear making it the third most important food crop in Pakistan
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The provinces of the Punjab. and: N.W. F.P;aproduce almost allfthe

lfmaize grown in Pakistan{ v .w F.‘.,produces slightly more maize

h;than the Punjab; 51 toLS percent of total (Agr. Statistics of .

o Pakistan, 1981) In this anadysis, benefits will be calculated for

f”three regions,‘l) all Pakistan (Punjab and N.W.F.P.), 2) Punjab and 3)

"N.w ,F' P_.“/

Figure 3 3 presents the model used in determining the benefits
ifrom the adoption of HYV maize varieties.‘ The current situation is
depicted by supply curve S1 and demand curve d intersecting at

equilibrium price P. and quantity Q « Given home consumption demand
1 1
curve Dhﬁ’ quantity OH is consumed at home and quantity BQ1 would then

be marketable surplus. Quantity OQ1 is then total annual production
fwhich equals annual available supply as 1i ttle is stored and,imports
Vand exports are at zero levels.'

kN In the absence of the adoption of HYV maize varieties by produ—

'cers, S0 becomes the relavent supplygcurve ‘ith no government inter—¥

ivention, price Po and quantity Qo would reign.“ The stage is now set

Qto calculate ACS APS and GARB.l The ACS from the shift in the supply

;curve’ rom S to S is AJea ACGB and represents a gain since they can
0 "L

_rchase an increased quantity Qle at price P1 The cash revenue

1cost'of production changes from area AOQ0 to area BOQ1 The net (i

'f11/ A split in the benefits between the Punjab and N.W.F.P. is

© 7 possible because there is little spillover effect. Each Province
basically does its own research and the varieties are fairly 0
location specific such that each province has its own varieties.
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“Flgure 3.3 Model of Benefits from Maize; Crop Varletal Improvement
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Ltive;depending on the supply andgdemand elasticities

tn? Hayami ‘and Herdt (1977.Qhave develope‘;approximaJnon formulas to

'calculate the above areas as follows"lgfw

Consumer g ain

(1) Area ACGB ~ p;q; - (kr/Y + n)
where r = the marketable surplus ratio HQO/OQo

: Chang in Producer's cash revenue

f,(2) Area BGHQ, - Area ACHQ, =~ poqok((n - r)/(Y + n))

5%Lhange in production cost

S ky(ni=1) .
(1 F )y + n)

(3) Area BOQ1 Area AOQo " poq

. Producers income change

(4) (3) +(2) = pag » 7=

and -

Py ¥ P =
= a (P

5A12/ In their forthcoming book, Hayami and Ruttan (1984 Chapter 1il)
' use formula (1) and (4) above in calculating consumers and pro-
ducers surplus respectively. However they split producers sur-

"~ plus into the change in producers' consumer surplus (ACSP) and a
change in producers surplus (APS). Thus the net welfare gain to
producers (ANGP) is equal to ACSP + APS where ACSP = area CPyP}G
and APS = AP,0 ~ BP|0 from a rightward shift in supply curve So
to S; in Figure 3.3. While this represents a different way of
looking at the changes that effect produces, the use of the
Hayami-Kuttan formulas provide the same end numbers as does the
Hayami-Herdt formulas used in this analysis.

/b



fo ‘all three“regions. The yearly maize shiftqparameterwk for all

three regions are derived in Appendix C. They are based on maize HYV

‘-yield advantage figures calculated from On-Farm Yield Constraints Date

~hregion.

?weighted by the proportion of area sown to maize HYV's within each

13/

A yield advantage figure of 1,16 was used for the N H;FeP. and a.

;figure of 1.24 for the Punjab.- Although the dara indicated al, 24

fy1eLd advantage for the Punjab‘(table C-4), the lower figure of 1°16”'

31973190 used as a comparison.' The‘yield -advantage figure for. the?all‘

TPakistan region compares the 1. 16 figure with a weighted 1.16 + 1., 24

f(by HYV ‘area sown) figure. Since all varieties are CIMMYT/Pakistan

fvarieties, there are to introduction varieties and a shifter k to

represent them as in the case of wheat.

_The benefits are in 1959 60 constant rupees having been deflated by an

“Table 3. 4 presents the calculation of benefits for all Pakistan.ﬁ

dagricultural wages deflator (Dz). 4/ The supply and demand elastici—

ties used follow from the discussion in Appendix D. A supply elasti-

il3/ To be consistent with the formulas by Hayami and Herdt (1977) k

is specified as a rightward shift in the pre-innovation supply
curve Sg (i.e. S} = b(l + k)p in Hayami and Herdt but S

b(l - k)p' in Akino and Hayami (1978) as described in section
3.2 because the formulas are derived with a leftward shift in
the supply curve.)

See Appendix B for a discussion on the deflator and for its .
source. Also see footnote 10 in section 3.3, ‘

i,
s

L



;Thbléj3,3fiya;ég?Piices;'Pfoduétioﬁ snd‘Supply;Shift‘Parameters

1980-81

- Productionl/ - - Maize Shift Parameter k2/ -
L Maizel/ Punjab _ NWFP Total NWFP Pakistan =
‘ Year Price : YA=1 16 YA=1.24 YA=1.16 YA=1.16  YA=weighted
P ' 1.16 +1.24
(Rs/tonne) - - - (000 tonnes) - = - -« < - - - o o _ (Percent) - - - - = = = = - - - _
1967-68 623.0 299 382 681 - . -0.8 1.2 0.8 0.8 -
1968-59 475.3 - 310 303 613 1.1 1.7 - 1.0 1.0
1969-70 467.0 323 327 650 1.4 2,2 1.0° 1.2
1970-71 485.8 343 358 701 ‘1.8 2.6 1.1 1.4
1971-72 590.0 341 349 690 2.2 3.4 1.4 1.8
1972-73 648.8 329 363 692 2.7 4.8 1.6 2.1
1973-74 695.3 345 407 752 3.2 4.8 2.1 2.6
1974-75 1,321.8 326 408 734 4.0 6.0 2.4 3.1
1975-76 1,208.0 386 402 788 4.8 7.2 3.0 3.9
1976-77 1,185.3 362 386 748 5.6 8.4 3.4 4.4
'1977-78 1,331.5 392 415 807 6.6 9.8 4.2 5.3
'1978-79 1,635.0 385 399 784 7.4 11.0 4.6 6.0
1979-80 1,552.0 421 438 859 8.5 12.7 - 5.6 - 6.9
1,556.8 445 486 931 9.6 C14.4 6.4 7.9

iSQhrces.

1/ Agricultural Statistics of Pakistan, GOP 1981.,v
2/ Table C-11 and text of Appendix C.

0z'e



‘Table 3.4 Maize Bgnéfits‘ Under Various iﬁi'jaist:ic:‘lty ‘and k !‘Scéhéri‘os‘:_ :{]P'al‘c;l'z'at;é'ﬁ' Tﬁéél,,,

I IT . IT1 IV : \'a Vi T
ES=0.08 ES=0.15 ES=0.15 ES=0.15 ES=0.15 ES=0.30
o _ ED=-0.10 ED=-0.10 - ED=-0.10 ED=-0.10 ED=-0.20 - ED=-0.20
Year k = - k=+15% k = - k=-15% k=- k =-
e §)) (2) 3 (&) (5) (6)

I - - - - - - (mil's 1959-60 Rs.)

1967-68
"1968-69 - .
1969-70 -
1970-71
1971-72
1972-73
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
1980-81

e
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Note: The marketable surplus ratio (;),15 0;25;f§ffé1if;ééﬁé:ibsf;ngktﬁeﬁyigl
(YA) is 1.16. T T R e T T T T T


http:ED=-0.20
http:ED=-0.20
http:ED=-0.10
http:ED=-0.10
http:ED=-0.10
http:ED=-0.10

expected;in'all six scenarios reflecting the increased hectares sown

to maiz_ HYV's.

Table 3 5 presents the calculations of benefits for the Punjab

and N w F.P.‘ Provinces. A supply elasticity of”O ”75 was used in

each region along with a demand elasticity of -0 10 (see Appendix D).
Although not presented a sensitivity analysis was done in the same

.manner as that presented in Table 3 4 with similar percentage change

3,$lehe Rate of Return to Wheat and Maize Research and Extension

The rate of return to. investments in wheat and maize crop deve-
?lopment research and extension can be calculated using the estimated
::benefits from sections 3.3 and 3.4 of this chapter and the associated
'fexpenditures developed in Appendix A. Previous studies have calcu— }
»lated both an internal and an external rate of return which are
'Voverall average rates of return and some studies have estimated a
~marginal internal rate of return.{~y,

‘;; The internal rate of return is that rate ri which makes the sum

7of discounted net returns exactly equal to zero as shown in 3 5

‘;Ji_._li =1055 (3.5)
t-O (1 + ri)

fwhere R is the return (GARB) in each year t and C the cost in each




Table 3.5 Maize Benefits; Punjab and MAFE. Provinces

NWFP - - oo Pakistan Total - .~ -
T T 1/ " YA=weighted
YA=1.16 - . YA=1.16~ 1.16 + 1.24

T (4) : _(5) -

== (mil's 1959-60 Rs.) - = -

~
)
s

1967-68
1968-69
1969-70
1970-71
1971-72
1972-73
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
1980-81

-2~ b
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1/ Totals may not equal totalé;infTébléfﬁ;ﬁgVééiﬁm; (5)fﬁééa;§éiéf?f§§ﬁéiﬂé?S
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:year t (research and extension expenditures) and T is the year in

fwhich research and extension ceases to produce returns. The internal

irate of return (r ) can be interpreted to mean that on. average, each

frupee (in our case) invested in research and extension returned ‘

' i percent annually from the date of the initial investment,;

The external rate (r ) is calculated using the following formula:

f(see Peterson 1971)

. 100.~(?1p”‘"i‘»"f§)’? .
ST e o .3.6).

where 1 is the external rate of interest (opportunity cost), P is the

:accumulated past returns (GARB), F is the annual flow of future
returns and C the accumulated past costs (research and extension

expenditures) The external rate of return re evaluates the sum of

past returns expressed as a flow plus the~flow of future returns rela-‘

tive to the cost., The external rate of return can be interpreted to[

mean that from the date of the initial investment, the average'rupee:

invested returned i percent annually and is now paying off at .a’ rate:

15/*

of-r Jpercent per year into perpetuity.
The calculation of a marginal internal rate of rr urn from the |

benefits and costs from the inder number approach has been suggested

5 .'x",“ ’,' S

15/ The external rate of return is closely related to the benefit-
. ’cost ratio (Allen, 1975, p. 730; and Peterson, 1971, p. 148),
" The benefit-cost ratio (B/C) is arrived at using the same data
BN as formula 3.6 as follows; . .

P+ F/L _ (iP + F)

B/C = —¢ ic

v~

%
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S

/by Peterson (1971).- Since a marginal rate of return conveys infor-?’

,mation on the returns from additional investments, it has more meaning

=in a decision making context and also is more comparable to the margi-
Inal rates derived from a production function approach (Chapter 4).‘ .

An approximation of ‘a marginal rate of return is made by first f

‘.example, given t-lO is the base year, increments for each of the‘nine

years t to t-9 are calculated as (t-i) - (t-lO) where i = 1 to 9.;@

:'Secondly, assuming an appropriate lag in expenditures (i.e. t-7) so as

,“to match the time period between expenditures and the returns

?resulting from the expenditures,)the internal rate of return‘formula

,lin (3 5) is used to calculate ri

3 5 1 The Rate of Return to Wheat

Table 3 6 presents the external internal average and marginalﬁ

ﬁrates of return to investments in wheat research and exten on.

ébenefits (GARB) out1ined in table 3.2 column (1) and the expenditures
5Constructed in table A-3, Appendix A are used to calculate the rates
of return.léf As indicated in Chapter 2, conventional extension was
ithought not to play a major role in the overall research and extension
contribution to increased productivitya Thus two research expenditure

‘figures are used in the calculations of the rates of return. The

16/ The foreign exchange savings estimated in section 3.3 are not -
included as benefits. As stated by Akino and Hayami (1974, p.7)
"it 1s difficult to estimate the gain in national economic wel-
fare due to the saving of foreign exchange in a term which is
comparable with consumers' or producers' surplus.”

2
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TéBié;3563&E$;1ﬁhf€dﬁk§fé§fdf'Retufh to Wheat R&E; - Pakistan

_Regearch and Extension Expenditure Scenarios

Including -
Conventional Extension

k + 152 k

Excluding - o
Conventional Extension:. -. ..

Tk - 15%

k + 15% k
(4) (5)

External Rate

1) Cumulated Past Returns .

2) Past Returns as Annual
Flow

3) Annual Future Returns

4) Total 2) + 3) .

5) Past R&E Expenditures

6) Rate of Return :
(100 x 4)/5))

- Internal Rate

fﬂatginal Rate

3714

Canag
:;¥0070  -
CAnLs
158.9 ..

i,i(l) : (2) - 3)

3232

0 1323,2
°-100.0
© -423.2
158.9

26 34 mm 2
2746
100.0
374.6"
'158.9 -

235.7

323.2
100.0 ~
423.2

szt

‘Note: The benefitéﬁusediiﬁ;arriyiﬁg- tﬁéhéitatééiéfffétgfﬁfété,tﬁ e found

An external rate of interest of 10% is used in the’calculation of the ext.

O




s

ﬁﬁfirst is research and extension expenditures including conventiona
‘iextension and the second is research and extension expendit“r_
";excluding conventional extension expenditures.
: The rates of return as presented in Table 3 6 are sub'

;}but in line with previous studies in other countries (Ruttan, 1982, p.

1?242) The external'rate of return was calculated using an external

irate of interest of 10° percent which may be low. Increasing i to 15

fpercent results in a return‘of 368 0 and 707 9 percent in comparison
pto thn rates in columns (2) and (5) Annual future returns are taken

ftO be roughly two-thirds of the average returns in the last three.ﬁﬁh

Hyears. The external rate of return;of 266 3‘percent implies that he

7average rupee spent on R;& E returned.lO percent annually from the L

fstart of the initial investment and ishnoiﬁpaying off at-thearate.ofvf

of"real rates of return. The internal;rate:of return,off587-

-

f17/ Little difference in the magnitudes of the ra-es of return exists
i if“both“'eturns and costs are not carried forward but truncated.\
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{Ereturns. A 64 percent marginal internal rate. ofAreturn implies that

frates of return would be . substantially lower._ Appendix A tablead;ﬁ;

‘hpresents CIMMYT and Pakistan combined expenditures. The CIMMYT expen-'

tpditures on wheat represent the funds that Pakistan would have had to ,
f;spend to operate a CIMMYT type operation incountry.. Internal rates of
1£return using the CIMMYT/Pakistan expenditures from table A—5 Appendix
JA columns (5) and (6) and total returns from table 3 2 were calcu- ‘w

flated. Internal rates of. return of 28 and 30 percent were obtained.\

3 542 The Rate of Return to Maize

Ta ”e"3 7 presents the extetnal ‘ana- lncernal rate ot return to
,?investments in maize research and extension.‘ The benefits presented
fin table 3.4 and 3.5 and the expenditures constructed in Appendix A,

‘ tables A-3 and A-~4 are used to calculate the rates of returns. ‘As 1in




Table’ 3-7 Estimated Rates.of Return to Maize R&E:. Pakistan

Pakistan
e YA~1 16 . 1.167+
k+157 k- k- 158
W @) (3)

External Rate

- 6) " Rate of Return

1) Cumulated Past Returns
2) Past Returns as Annual Flow
3) Annual Future Returns

4) Total 2) + 3) _ l/%f"
5) Past R&E Expenditures—
5. 1) El
5.2) E2

6.1) E1 (100x4)/5.1 ))
6. 2) E2 (100x4)/5 ))

{internal~Rate‘

26

Vthe. "An external rate of interest of 102 is used in the

1/ El

ation of the external rate of return.

R&E including conventional extension expenditures :
-R&E excluding conventional extension expenditures.i

i "

G 52
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kfthefwheat”analysisxgtwﬂf
Jincluding and the -secon ,excluding conventional ‘extension’ expen-
‘fditures.:

The_rates of ‘return’ presented‘in table 3‘7:are"those'"ffth"all

: Pakistan,sPunjab and N W F.P. regions. The,benefit streams GARB)

:iuseden the analysis specifically come from table 3‘4

ff(3) andf(4) and table 3.5 columns (4), (1), (2) and (3) in that order

"ﬁ’f{ The external rate of return was calculated using an external s
jinterest rate of 10 percent. Increasing i to. 15 percent results in a
freturn of 59.7, 60 8 and 54 2 percent in comparison with the rates in

;columns (2), (5) and (6) for expenditures E1 , Annual future returns

?are taken to be 75 percent of the last three years. The;:xterna *5f~

frates of return of 48 7 percent implies that the average:rupee spent

"";,on R &"- E“

ST

(E ) returned 10 percent annuallyifrom ‘the nitial investment

fand is now paying off at the rate of‘48 7ypercent annually into per-a

fpetuity.‘ The benefit-cost ratio using a 10 percent external rate offV

1rupees over the period.

L The internal rates of return were calculated by assuming future;ﬁ

ireturns and expenditures were equal to the average of - the last three,'
5years of benefits and expenditures. A seven year lag exists betweenl'
expenditures which began in 1960-61 and the benefits which began in

1967-68. The internal rate of return (real) .of 19 percent means. that
on average; each rupee invested in R & E returned 19 percent (or 0 19

'Rs.) annually from the date of the initial investment.:l;' -

W™
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7~ Marginal® rateshof retur were 'also calculat d*(not*presented)Vﬁ

;with th results slightly higher:than but n most;casesvidentical toh;

fused as" the base year and the average of'the‘last three yearghused as

‘future returns.

‘33 6> The Distribution of Benefits i

The total returns (GARB) can be disaggregated to?find the changes

;;{in the income distributions among various groups fromzthe adoption of

;»;hYV's.tilhe first and most convenient categories to disaggregate GARB
{is into the consumer and producer components. The specification of
githe wheat model in Section 3 3 indicated that the gains were made
'sbyfproducers as a group and that the change in consumers welfare wa§;
iﬂEeEB.. However, both consumer and produces may have gained from the n
y:foreign exchange savings. | i o |
The specification of the maize model does allow for changes‘in o
“consumer surplus and producer income from the adoption of HYV maize..
:‘Tables 3 8 through 3 11 present the changes in consumer surplus,‘hw‘

'fchanges in producer revenues and the changes in production costs that

'iaregierived from the formulas discussed in Section 3. 4. The benefitsl
??in Table 3. 8 and 3.9 are derived with an elasticity of supply and

_ demand of 0. 15 and -0 10 respectively and under two marketable surplus
'ratios (r). In scenario I (r = .25), consumers gain, producers 1ose

'on the revenue side but gain because of a decrease in production
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Table 3.9 Distributional Effects of HYV Maize Adoption; Scenario II
Consumer Change in. . Change in Producers . i
L - Surplus Producer- Production o Overall
Year (cs) Revenue Costs : Surplus
S | (R) (PC) O @-(3)
) {2) 3 (4)

1967-68
1968-69
1969-70
1970-71
1971-72
1972-73
1973-74
1974-75
1975-76
1976-77
1977-78
1978-739
1979-80
1980-81
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Note: ES = 0.15, ED.-



+ Table 3.10 -‘Distributional Effects of HYV Maize Adoption;. Scenario ITI .

Consumers Change ‘in ~ Change in - . " Producers ‘.- ;2 GARB" -
D R Surplus Producer' - - Production *+  Overall T
= Year (cs) Revenue = Costs == = .. - Surplus
e . (R) (PC) - (2)-(3)
- (1) (2)_ N &) EESRE 4)

-0.5
-0.4
-0.5
-0.6
-0.9

NO@®HOUWORULUHROANOW

1967-68
1968-69
1969-70 "
1970-71
1971~-72
1972-73
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
1980~81
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Note: ES = 0.15, ED = =2, r =.0.25"
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‘Table 3.11,‘nis;ribucidhél[nfféc£s d£fﬁYQ;vaIié;Adopciohgiséeﬁafié:Iv -

" Year .

Consumers _ Change 1in
Surplus Producer
(Cs) Revenue -

-~ (R)
(1) (2)

Change in
Production
Costs
(EC)
(3)

Producers
Overall -
Surplus
(2)-(3)

(4)

1967-68

1968-69
1969-70
1970-71
1971-72
1972-73
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
1980-81
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;5costs., Uverallﬁfhowever, as a group, the change in producer income is‘,

dnegative.ig/" However, if r= .15 as in scenario II (Table 3 9),

‘”meaning that mar“ able surplus is now only 15 percent of total erRf'u

1eduction, the distribution between consumers surplus andw‘onsumers EAS

vfrevenue changes 1eaving‘producer’7income as a group positive;bu GARB

;funchanged. When r = .35 (not presented), consumers gain ‘mor and\pro-

fducers revenues and total income decrease relative to scenariO‘I. ;‘f

Iables 3 10 and~3 11 present results similar to table' 3. 8 and

1F3 9 but with the demand elasticity changed from —0 10 to -0 20.,

VScenario III (Table 3 10) indicates that changing the demand elasticity

ﬁb’ﬂ-O 20 has an effect similar to changing r to .15 in scenario =
From other analysis (not presented), a supply elasticity. of 0 08
iresults in a negative overall producer income figure and an elasticitv

&of 0 30 results in a positive overall producer income.

The above analysis indicates that the correct specification of
fthe supply and demand elasticities and marketable surplus ratio are
‘more important when disaggregating GARB than in the estimation of CARB
itself. While GARB remains relatively insensative to changes‘inéw*g>
elasticities and the changes in marketable surplus ratio, benefits to |
. various groups are very sensitive. For example,'the differenceﬂbetepu

’ween scanario I and scenario III from'just'changing‘the demand elasti-

18/ For the adopters of HYV maize, there would also exist a distribu-
tion of gains and losses, i.e., earlier adoptors gaining more
than latter adoptors. For those not adopting HYV maize, there is
a direct loss in revenue which is transferred to consumers (see
Scobie and Posada, 1977, p. 42).
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!pﬁ itivewyhile'only decreasing GARB by about 10 percent.124;f

iThe change in consumer surplus and producers overall income can

;'e further disaggregated. Scobie and Posada (1977) disaggregated the )

jfchange in consumer surplus by income level and producer surplus by

’_farm size on an irrigated and non-irrigated basis.' Hayami and Herdt ‘

'“(1977) disaggregate the change in overall producer revenue by small

iand large producers. To do such analysis properly requires a substan—‘

‘ltial amount of data as well as data accuracy. The above discussion on
l\disaggregating GARB bears out its sensitivity to the accuracy of the
gdata and various parameters used in the analysis.

The Hayami and Herdt (1977) model of disaggregating producer

?(gains specifies two supply curves, ‘one being a supply curve which is

1fthe sum of individual output of small producers and the other the sum

vgof the individual out put of large producers at various prices.20/

'Given a demand curve, the supply elasticities, marketable surplus

19/ Hayaml and Herdt (1977) develop formulas for a variable home con-
sumption case. That is there is a shift (usually to the right)
of the demand curve. D.d in figure 3.3 from a change in home
consumption (Ah) due to a change in output (q). An estimate of
the elasticity of home consumption with respect to output

( -ﬂ) is not available for Pakistani maize.

However, as Hayami and Herdt (1977, p. 254) state "the magnitude
of possible effects on consumers' welfare and producers' cash ‘
income are sufficiently small so that the basic conclusion on .

intersectoral income distribution is not effected.” L

29/ The same model could be used to disaggregate irrigated and non- f
: irrigated producers. ; SE
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¥ratios (r) and shift parameters (k)fmusti"ll bﬁ'specified separately

»for small and large producers. The formulas to estimate the changes

-are found in Hayami and Herdt (1977;?p. 248) The available data to

iestimate the disaggregated changes at this time are inadequate for

both the maize and wheat commodities. The fact that many of the para-'

'meters required in the formulas would be quesstimates and knowing that

the distributional changes are very sengitive to parameter changes,~f

the results would only serve as an illustration which is already

21/ The results of such a study could

supplied by Hayami and Herdt ,~~
prove interesting because as found by Hayami and Herdt, small produ-
cers cash revenue was positive whereas large producers cash revenue
was negative. This leads to a positive overall cash income effect for

small producers in most scenarios but leaving negative thellarge pro-

ducer incomes,

3.7 Summary and Discussiof

This chapter was concerned with estim1ting the rates of vecirn; -

and the distributional consequences from agricultural researc_:an‘hﬁf
extension investments in Pakistan. Benefits accruing from the~invest-
ments in wheat and maize research and extension programs were esti- '

mated using the index number approach. The analysis followed the lead

of Hayami and Herdt with respect to the methodology with the exception

21/ Another complication existed in carrying out a distributional
analysis on an income level or by farm size because at the- time
of analysis, this information was not available because of the
delay in the publication of the 1981 census. '
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,»the scenario.‘ Although the returns are very high they are similar te

"The rates of return to investments in maize research and exten-f

f{sio Qare’considerably lower than the wheat figures but still high inm~

wtheir own right. Internal rates of return ranged from 17 to 27 per-f;

cent depending on the scenario.‘ Although maize expenditures are

{somewhat less than the expenditures on:wheat and the yield advantageﬁ

of maize is half that of wheat’ the rate of return to maizejwou

oint lar "é'r?*;higiiéf;ft,hen«,whe.,é:e given Wheat's area and ares. sown

‘HYV's;

RO

In the wheat analysi

E not to include introductions.j This'doeslnot negate the fact that the
f}returns to both wheat and maize treat the support from international
ragencies as a free good. The rates of return figures are therefore to
'be looked upon by individual contributors to . the agricultural research
and extension system as the returns that may be expected from a broad -

based research and extension agenda within each crop., Of interest is

‘ that a calculation of the rate of return to wheat research and exten-

) ;
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sion had Pakistan purchaaed'the‘totalﬂserudceajogﬂg;g&gr;reaulted}inpaé
rate of return of 28 to 30 percent;

Total returns were disaggregated into changes in consumer

: surplus, producer revenue and production costs.,

,;while total returns were mot very sensitive to changes in parameters /

}ilike elasticities and marketable surplus ratios, diatributions of the
Citotal returns were overly sensitive. The combination of the Pen-" :
;ﬂsitivity to various parameters and inadequate data precluded a |
;thorough analysis of further disaggregating the changes in consumer

;fsurplus and producer incomes.



|CHAPTER 4

Estimation of the Productivity Model and Overall ‘Returns’
to Research and Extension

e ihﬁéadéction"

Pakistan ] agricultural productiviry (crops) has increased
i;substantially starting in 1967 68 which represents the ‘start of the )
| Pakistan Green Revolution period.ﬁ This 1s’ eviuenced by the increase
,;in the productivity index shown in Appendix B, Table B-l.: The purpose
iof this chapter is to identify and establish the contribution of thei’

;ﬁmajor sources of overall productivity growth in Pakistan 8. agri—ll5l’

{culture;;

| ’-Two(nain approaches have - been used to identify overall sources of
:productivity growth and establish their contribution.A The first is an
| inputs saved”: approach which in essence is the difference between the
’value of present day technological inputs in producing today s agri-
Acultural output minus the value of yesterday 8 (years) technological
,inputs in producing today 8 agricultural output. Schultz (1953), in a
that despite the considerable increase in agricultural output over the
‘period the aggregated value of traditional agricultural- inputs '
-remained virtually constant. In a recent study, Brinkman and,Prentice
(1983) used the inputs saved approach to estimate an‘internal rate of
return to investments in agricultural research and extension. They
*found that tChe inputs saved over the period 1956 to 1978 returned an g
:internal rate of return of 65.7 percent to the Province of Ontario, f

Canada.



?Thefmostnpopular approach'has'been to use a production:functionQV
;The level ‘of agricultural output is estimated as a function of the |
;level of traditional and non—conventional inputs. The non- S
jconventional inputs such as euutation, research and extension are 2*‘7
.:included as separate arguments. ‘A full list of production function |
type studies are found in Ruttan’(l982, PP 242-246). Good.literaturer
reviews on the topic exist 1ﬁ.n;vié‘(1979) and Norton and Davis

(1980). -

' Many production function estimates utilize cross-section or
pooled cross-section time series data to avoid multicollinearity -
}‘problems. Other studies such as,Lu‘gg:il have used a total factor
;;productivity index regressed'on‘the non;~onventiona1 inputs to'e1e¥
1;viate the milticollinearity problem. This’ is the approach adopted in
h?this study fr the following reasons.v First, although much of the
%{data exists ‘to estimatﬂ a time series production function of the

‘Pakistani agricultural sector, severe multicollinearity problem do
arise. For example, the study by Naqvi et al (1983) was unable to -
estimate a very convincing agricultural production function for the
P.I.D.E. Macro-ﬁconomic Model of Pakistan's economy for this reason. .
Secondly, the data required to estimate a pooled time series crogss-
section mode! using Cencus years and Districts although almost
complete is still deficient.

Following Lu et al (1979), the level of productivity (P ) in year
yt is a’ function of the current weather conditions (w ), the current

_1education level of farmers (ED ) and the impact of research (RS ) and




b3

”bjective is to.obtain the

fcontribution and‘rate of return to expenditures on research that the

f:Pak‘stan research system is involved in, a variable is added (HYV )
wiirepresonting high ylelding varieties that are introductions from other
countries.' ~The productivity model is specified in equation (4 1).
B, = ATl Rsalsxa qua3EDa4 as_wt‘ . 4?(431),’:5'
The actual data series used in estimating the parameters of
equation (4 1) are found in Appendix B, Tables B-l and B-3 along withf’
a narative on their construction and the data sources, - For several of
the variables, two different data series have been constructed and are
used in turn in estimating the parameters of equation (4. l). For
if'example, the research variable is constr ucted two different ways.: The
first uses a distributed lag method that has been used in previous i'
: ,studies. The second is the construction of a research stock variable
which will be compared to the results from the distributed lag -
approach. Two extension variables have also been constructed and are
gexplained in section 4.2 and Appendix B. Two different variables also
Lexist for the HYV introductions variable and the weather variable and
' are self explanatory in the specifications of the variables as

afollows.

'~'P£ = the aggregate multifactor productivity index for crops in

L Pakistan. Two productivity indexes exist and are used in



;have been constructed,

e’ estinations;

;1) PIl =_an. arithmetic productivitv index

;i)’ﬁ RSl = a stock variable of research represented by thein

i summation of the research expenditures of the

_previous-ten years.

fﬁ) RSZ =a second degree polynomial distributed lagfwithf;

lag lengths of 8 loixand 12 years usin o

: research expenditures\Rfas‘the data:ﬁf,;cf

the impact of extension in the current year and is a stock‘

liof the current and previous 10 years.~

1) Ex1 - conventional field assistance type extension

expenditures plus seed multiplication‘a d |
distribution costs plus PARC and donor agency

extension related activities. .

,j?)c% Exzh- EX1 excluding conventional field “Ssistan¢¢:~

extension,

a variable representing high yielding varieties that were

‘introductions to Pakistan meaning that the Pakistan

agricultural research system had virtually nothing to do-

with their breeding. Two variables have been constructed:iy

““variable represented by the sum of extension,expendituresg_~



2£L)fE;iiﬁ the percentage hectares of HYV wheat and HYV

(IRRI)" rice.""’

“ED,

Two variables have been constructed.
1) Wl - annual rainfall in millimeters.

;2) HZ = the deviation from the mean of annual’ rainfall.»«

4 2 The Productivity Model. with Research and Extension as a: Stock
R Variable

Equation 4.1 is transformed into the logrithmic form as shown in
equation 4,2 for the purposes of estimating the parameters.‘

lnPt" : Gl ln z RSl i + az lnizoElt-i

*«aca‘ln'nwc y uz.ffr,riﬁa’téef»f'aswc f:+*‘~ € ()

{ The model represented by equation 4.2 was estimated using OLS
Qwith‘data‘for the period 1759-60 to 1978-79 (Table B-1). Table 4.1,
”model I shows the estimated parameters using productivity index PIl as

rthe dependent variable. The model proves to be less than satisfac-‘

f“It is expected that all the signs on the estimated cnpfficients

WOuld be positive however, RSl exhibits a negative sign. Also the

: the effect of weather conditions as represented by rainfall;a
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GiféfaauctiViéy Model Parameter Estimates:
“R81 And EX!1 as Stock Variables.

PRODUCTIVITY MODELS

o Eﬂpfanatory'~,
~Variable - 1

11

I11

CONSTANT ;.

ED Co7ez

MYV

W 10,0002

O (1,394
‘RSL -0.315
Sl (=0.74)

. 0.418
(2.01)+

3§65A -
o 2
" ADJUSTED R.
DWW,

D.0O.F.  "‘ 14

0,028 .
@iz

s

0.970

0.397

'x':xq;49>

0.027
(2.32)+

0.0002

(1.18)

"Ol 045
(=0.10)

. 0.444

(1.39)#
-0,089

.47

(h?!Q*
ume
13

0.0002
(1.00)

0.049
(0.17)

0.448
O (1.S0)#

-0.101

o (=1,68) 4
2902,
fi?3é 

14

2,326
- (4.80)%

z2.8l0

(7.84)%

0,028
- (3.30) %

0.221
(1.01)

0.22%
(1.01)

=-0.113

C (=2.,06)+

913
1.68

1S

T-Statistics are within parenthesas,

D.W., is the Durbin-Watgon 'd’

atatistic,

¥ Significant at the 1. percent laevel,
percent level,
# Significant at the 10, percent lavel,

+ Bignificant at the 5,

.......
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‘iestimated coefficientﬁ‘are not significantly different from zero for

;ED and: RS1 at the 10 pprcent level.
A dummy variable (D65) was added to model II to capture the

»:effect offthe Pakistan-India war and although significant at the 10

ipercent}level model II is not an’ improvement over model I.l/ o

A look at th”?simple correlation matrix of the variables (Table
=B .2) indicates a possible problem of multicollinearity. The fourj“
‘;variables RSl, Wl ED and EXl are all very highly correlated. Using
rKlein 's rul 2/ (Maddala, p. 185) as a guide in detecting multicolli- :

nearity, it was found that RszI -;.93 (in model I) was less than

‘Bé, = .98; RHYVI = ,94, RRs = ,98 and REx1 = 95 rcspecpectively.
" Although the best remedy ‘for a multicollinearity problem is more
data, this solution 1is not available to the problem here, Research

tand extension expenditures are}not‘available previous to 1947-48 and

- the construction of the'education variable previous to 1959-60 is

limited. Another method is that of first differences (Maddala, p. -

192), Knowing that the use of this corrective measure invites

1/ Dummy variables to capture the 1971-72 Pakistan-Bangladesh

' conflict, the 1973-74 Tarbella dam problem which resulted in a
lower than normal irrigation water flow, and the 1977-78 wheat
rust epidemic were also tried in model II and other models. The
estimated coefficients were either of the wrong sign or not
significantly different from zero.

2/ Klein's rule of thumb for judging 1f multicollinearity is a

2 2 2
roblem is where R < Ry, Where Ry = Rp ., ,_ and
:2 _— e dz’l !1:};5) T
i X e other x's addala, p.
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. problems of autoregression in the &ietnrbances, a firsf-diffefences
model was estimated but with less‘Ehan‘satisfactory results.gj

Another avenue to pursue is'to rethink the model specifica:ion‘aetx
~ set out by Lu et al. With reepect to the education variable ED, 1tsf 
effect on incressed productivity may indee& Be‘smallrand not signifiFe
cantly different than zerro. fThe overall literacy'rate in Pakistan
only increased from 21, 7Z 1n 1971-72 to 24% in 1979-80 (Pakistan |
Economic Survey, p. 147) ,For the same period the literacy rate of
rural males ages 20-24 increased from 31.1% to only 34.8%., Not only
is this a small increase, but the increase is biased upward for our
purposes because the rural category includes medium size towns whose
occupants would receive more education than the more remote villages
where the majority of farmers live. The dropping of ED did little to
impfove model III. When Wl is also dropped (model IV),‘the estimated
coefficients all have the correct positive signs however RS1 and EX1
are not significant even at the 10 percent level, |

To this point, extension variable EX1 has been used 1n the analy-
s:l.s. As outlined in Appendix B, EXl includes conventional f:l.eld
assistant extension expenditures along with expenditures on seed

multiplication and distribution and farm field trial work by PARC and

3/ Other models were estimated (but not reported) using HYV2, W2,
and the Solow productivity index P12 without substantial
difference in the results. All the models presented in this
chapter were estimated alternatively with PIl and PI2 as the
dependent variable. Only results using PIl are reported in this
chapter., Results using PI2 were similar,to those using PI2 but
very slightly inferior with respect to R~ and t-tests.

) U
‘&3
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donor agencies.. The discussion on conveutional extension in Chapter 2

'suggests that it has a minimal ‘impact on agricultural productivity.

Thus, an extension’variable

EX2 was constructed (Appendix B) that

includes all but conVentional expenditures on extension. Substituting??*

EX2 for EX1 in the previous
nulticollinearity problena.
resulting in models gimilar

Since RS1, EX1 and EX2
to permit the estimation of
“ to combine RSl and EX1 into

dies of this type including

models did not, however aleviate the‘;

RS1 and Ex2 are also highly correlated

to models I to IV,

are so highly correlated ( 98) 80 a8 : notv

their individual parameters, i?;
one variable as done in many previoueJ'tu-

the study by Lu et al.ﬁj

Two new variables were created as a result of the multicolli-;

nearity problems and discussion on extension; the combined resea ch

and extension variable RSExl = RSl + EXl which includes conventional

J?extension expenditures and RSEXZ = RSl + EX2 which excludes conven-

\ﬁj Maddala, (p. 190) also

suggests the use of 1) cropping variables

(COV and WTD estimators), 2) ridge regression, 3) principle
components and 4) extrainious information. No suitable
extrainious information exists and the other solutions as stated

by Maddala are limited

and mainly of a purely statistical nature.
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tibﬁaigéiténéion expenditures.>’
 ‘ f“l ff the premise that conventional extension expenditures do not

éignificantly add to increased productivity, then it would be expected
;;thét the rate of return on investments in R & E excluding conventional
jéxtension wéuld be higher than the rate of return ﬁhen conventional
kektenéion was included. |

"Models V to XIII in Tables 4.2 and 4.3 show the results yith  >i 

‘RSEXZ with and without the weather variable Wl. ModelsV anda§If;ﬁ;§fv  -
‘Wl to be not significantly different from zero. Mode;s IV?:6 giii§$3;
the results with RSEX1 again with and without the weather Qafiésiékﬁi.:
ﬁl_is shown to be statistically significant at the 10 percent level in
Models IX and X. Although not reported, models were also estimated
using HYV2, W2 and PI2 but with similar results. In all the models,

the weather variable has presented a problem. The problem may stem

from one or all three of the following. First, Wl is highly

5/ Davis (1979, pp. 43-44) ruggests that from a conceptual point of
view; it 1is more reasonable to separate research and extension,
This is based on the premis that to combine research and exten-
sion forces one to accept one of the following untenable
positions; 1) research and extension are perfect substitutes (it
does not matter in what proportions they are combined) or, 2)
research and extension are cnmplimentary inputs but must be
combined in fixed proportions. Separation of research and exten-
sion expenditures in Davis' study of the USA may seem reasonable
because research and extension involve broad research and exten-
sion activities including basic long term research and extensive
conventioral field oriented extension., 1In this analysis, in
particular the R&E variable RSEX2, represents an R&E system that
does not do basic :esearch, is not overly broad in its research
agenda and the research (mainly varietal improvement) is tied
very directly to the extension activities described by extension
variable EX2,



Tabla 4 2 Prnductivity NndallParameter Estimates.g
BRI RC RSEX2 as a: Stock Variable.

“éRdDucr:vrTv-MODELs

Euplanatory ——————— e e e
Variable v VI it

| CONSTANT 2,996 - 2,900 3.118  2.9%0
ST teoer eS8 (7,590

HYWL 0,043 0,039 0,044 - 0,039
G (8,63 % (4,2%) % (5.08)%  (4.58) %

R TE 0.0001 0.0001 - -
Vo ' (0.44) (0.22) - R
CREEX2  0.371 0.396 0.351 0.387
O (3.88)%  (4.31)% (8.19) % (4.78) X
D&S - -0.117 - -0.119
Rt (=1.73)+ R i

- ADJUSTED R ' ;Qﬁ?;",' : .Béﬁ'_ . - 111 H.B72M

D.W. 082 118 0.92

D.O.F. 16 15 17

'T-Btatistics are within parenthesaes.
D.W. is the Durbin-Watson ’d’ astatistic.

¥ Bignificant at the 1. percent level,
+ Bignificant at the S, percent lavael.
# 8ignificant at the 10. percent level.
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Tablo 4,3 Prcductivity Model Parameter Estimates: ;
o RSEX1 as a Btock Variablo. o

" PRODUCTIVITY MODELS

Explanatory

Varisble

X

X

X1

X

CONSTANT

Wi

2.225

';(4 S54)%

0.030
(6.88) %

0.0002
(1.53)#

0.480
(S.52) %

2.114
(4.71) %

0.028
(6.67) %

0.0002
(1.37) %

0.504

(6.30) %

2.8
te.3e)x

0.032
(5,08 %

0.415
(5.27) %

Czam
(6.34)x

0,029
(6.90) %

0.4%4
(6.23)%

=0.115

-0.105 - ) .
(=2.24) +

2L (=2.08)+

 ;i : ‘ . 2‘: yigéyi“ﬂ" : V;f
ADJUSTED R -~ .909 ~  ,92s . 902 921
D. W, .07 1.3 1,28 1,49
D.0.F, 16 15 BT A T

T-Statistics are within parenthaesaes.
D.W. is the Durbin-Watson 'd’ statistic,

* S8ignificant at the {. percent lavel.
+ 8ignificant at the 5. percent level.
# 8ignlficant at tha 10. percent level.
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correlated (.94) with all the research and extension variabies?and\rhii

‘thus the problem of multicollinearity arises. Secondly, rainfall may

not be a- good measure of weather effects because it is an average iﬁ'

~rainfall over a11 of Pakistan on.a yearly basis and is not combined
i‘with a temperature variable that accounts for stress periods in the

:”;life of a plant. Thirdly, about 70 percent of Pakistan's cropped land

- is irrigated and 85-90 percent of a11 wheat production and .all rice

"production are grown on irrigated land (Agricultural Statistics of

o Pakistan). Thus the variation in overall total yields due to rainfallii

”b would be low.,ift'

““The:next'sectibn compares the results of using stock variables
‘gwith that of a distributed lag approach, The rate of return from
;f;research and extension using the results of the above stock variable
f{xmodel are found in section 4.4.2,

'”4 3 The Productivity Model with Research and Extension as
Distributed Lag Variable

Equation (4.1) is again transformed into the logarithmic faralf'

keeping in mind the discussions on education and the multicoilihearity’b

Problems between the research and extension variables. Equation (4;3) z

indicates that the level of productivity is a function of the combined |

research and extension expenditures expressed as a distributed lag,

the introduction of HYV's and the current weather,

-y t Bjln HYV, #+ B W + e, ' i(45??;



;;REg a=l"";the sum”of the research and extension expenditures in year t.

‘fTwo differentvvariables are

ﬂi)g/'ggik fesearch expenditures in year t (Rt plu i
extension expenditures (includes conventionalx

extension) in year t (El).‘

12>1;?332 = research expenditures in- year t (R ) plusmextension JE
- expenditures (excludes conventional extension) ‘
in year t (E2).
and Pt’ HYV -and w ‘are as- described in section 4, 2.

The combined research and extension expenditure variables are
assumed to adopt an inverted "U" shape distribution of the partial
production coefficients. -This assumption is based on Evenson (1968)
and was used by Davis (1979) and Lu et al (1979). The,assumption is
,tpg;igxpenditures on~research‘andvextensionYWill have a smaii impact
:gnﬁproductivity {ncrease in the‘current year of their expenditure but
that the impact increases to a peak over time but then decays. The |
aassumption is also made that the distribution of the partial produc—
'tion coefficients can be expressed as a second degree polynomial with
dendpoints constrained to zero.

" The estimation procedure used to calculate the partial production
‘coefficients (ai) and the construction of the appropriate research and
fextension variable which is an Almon polynomial lag procedure follows
:that ‘of - Maddala (1977, PP, 356-359) and Davis (1979, PP. 69 71) and is

;presented as follows.'

A second degree polynomial is given in: Equation (4, 4) ‘as.

il
)

/1\1
1


http:constrained.to

b0 + b (k+1) +. b (k+1) “h rff:kii; §(4§6)TL

| where Equations (4 5) and (4 6) simplify tog

| bo 'f“wf,-?‘?Qz‘fk*i"’a : W

By substituting (4 7) and (4 8) into (4 4) and then substituting the

,result_into the productivity model of equation (4 3) ’e;foiiowing,is

\obtained

1 v bZZ + B 1n HYV + BZW + et (4.9)
where L 33‘5
e . R . v o
= J (1 - ki - k - 1) ln RE 1 L (4.10)
1m0 R

The model in Equation (4 9) is then estimated to obtain b2 which
is then substituted into Equations (4 7) and (4 8) to obtain b and
bl' Equation (4. 4) is then used to obtain the partial production
coefficients (ai), the sum of which represent the total production

elasticity.

Gy

G

)



l’"del in’ Equation (w.9) was estimated by OLS agaif;for the

f?period 959~

1'esti ate with the arithmetic productivity index PIl and the 10 year
'7ié§ja vpresented. The 8 year lag models are statistically inferior

‘}an ’although the 12 year lag models are statistically similar to the

‘ 10 year lag models, the rate of return results as discussed in section

f4 5 are not consistant. Also, since the construction of the R & E

'jstock variable is based on a 10 year lag, the rates of return would be'

fﬁmore’comparable between the two approaches.

| :’ Davis (1979) used a 14 year lag and Lu et al (1979) determined
statistically that a 13 year lag on R & E expenditures were -
}appropriate for the United States. A shorter lag of 10 years for‘”"
Pakistan would seem . appropriate because of the type of research that.

is. conducted. Pakistan 8" R & E agenda does not involve much basic

research but rather involves the adaptation of segregating materials B

received mainly from international centers and seed’ multiplication and
transfer activities. |

Table 4.4 summarizes the results of three distributed lag (10
year) productivity models using research and extension expenditure REZ
(excluding conventional extension). The weather variable again is not
’statistically significantly different from zero. Table 4.5 summarizes
';the results using research and extension expenditures REL (including

;conventional extension). The weather variable is significantly dif-'

Qferent from zero at the 10 percent level in model IV but not in model -

6,£toil978 =79 using an 8 10 and 12 year lag.r The models',
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fébi@d4;47519£ribufe& Lag Model Parameter Estimatasi
© 7 . "RE2 as The Research-Extension Variable.

‘Distributed Lag Models (10 Year Lag)

“‘kblanatory — s e
" Variable EEPr ;} . -& 1‘,;1 . ,' f :§ gIILy 

 CONSTANT 1,685 1,488 1.730
Lo L9+ (1.BM 4+ (2.6104

HWL o.082 0,089 o.0S0
N {TTDE (62X (65N

'iwi}:l :0;6001, : = ,-O;Oddiff" ;tgfL e
o 0.74) ROt T

Des W C-0a12 T —0ut17
: ;Q}StfjbutedeggﬁWE;ghts}(REZ’ﬁ*;jp AN IEEERE P

Lets 016 015
.027 . 029 027
036 .038 .036
042 . 04% . 042
045 . 048 . 045
045 . 048 . 045
.042 . 045 . 042
036 . 038 | 036
.027 029 027

018 016 | L 01

VONCALUNSO

, 352 L330

Sum of Weights  .330. - 4330
S < 1T (4.24)% . (4.6 x

ADJUSTED R~ 847 862 .sem

DM o7e VST A 1.20
LILEAS 16 15 16

RE2 is the Research-Extension variable excluding
‘conventional Extension expenditures.
- T-8tatistics are within parentheses.

D.W. is the Durbin-Watson ’d’ statistic.

% S8ignificant at the i. percent lavel.

+ Significant at the 5. percent leval.

# Significant at the 10. parcent lavel.



4018

Tabla a, 5 Distributnd Lag Model Parameter Estimates:
¥ REi as The Research-Extension Variablea.

Distributed Lag Models (10 Year Lag)

'éxplanétory

Variable Y v e

 CONSTANT 0,734 . o.593 1iz24
| o t0.83) L 0.70) CH70%

HYVL 0.036 0.035 0.038
S (8.59) % (8. 25) % (8.29) %

Sl (1.500%  (1.3D

‘76£S?f 4 | g‘“.'-  -0.094 - =0. 105
e"ntstribut-d Lag weights (REI). | -
“9.019f] | o019 ’1§Qf7 
L0450 046 080

L0852 » 054 . 047
056 « 058 050

.04 , . 046 040"

weNersuno

'sum?Qf{QeiéhtE‘ 412  .aza o u3é8.

: (4 76)* (S.16)% (4 3&)*
L2

_fADJUSTED R ;_,391 o 2901 .agz,h‘

'i@D w; ,,' - 1.07 1.49 1.44

D.0.F. 16 15 e

(=1.63) % (=1. ao>+
CU03g O3S 030 -

LiomE. . 058 . J0m0.
L OmRT . 054 047

2034 035 2030
,a.o19, o .019 ,017

:REI is the Research-Extension variable including
conventional Extension expenditures.
T-Statistics are within parentheses.

D.W. is the Durbin-Watson *d’ statistic.
¥ Significant at the 1. percent lavel,
+ Significant at the 5. percent level.
# Significant at the 10. percwnt lavel.
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follows

(e'e - e'lel)/m
' m,n—k-l" e' e, /(n=k-1)

: jwhere e e is the ‘residual sum of squares from the resrricted model

(4 ll)

‘l‘l is the residual sum of squares obtained from the unrestricted
. model m is the number of endpoint constraints, n. is the number of
'observations ‘and k 1s the number of independent variables (Lu et al
i1979, P 21). : |

; The calculated F value using Equation (4. ll) for model III and
,jmodel VI do not reject the null hypothesis that the endpont

,;constraints are zero at the l-percent 1eve1. For example the calcu-h

tflated F value for model VI is 5. 95 and under the table value of 6 51..

:4.4 The Rate of Return tO'Research,and'ﬁxtension in Pakistanv
The rate of return to R & E in Pakistan can be calculated using

1-the information from the previously estimated models in sections 4 2

*jand 4 J.» The procedure for finding the rate of return differs betw Tn‘
;fthe distributed lag model and the stock variable model because of the

;ddifference in the construction of the R & E variables used infeach I

?fcase.’ Despite this, it would be expected that the two approaches

a;would produce similar results. _:‘

L

l‘ﬂ& -
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,It would also be expected as expressed in section 4 2 that the

rate of return on investments in R & E excluding conventional exten—'

sion would be higher than the rate of return when convent‘iix l

sion was included.éft

4 4 1 Rate of Return from the Dzstributed Lag Model

Since a double-log function was used to estimate the parameters

*of Equation (4 3), the partial production coefficients are elastici- ‘
;ties and their sum the total production elasticity.‘ The marginal pro-
7duct of the research and extension varLable (RE) for each year in the

flag_is given as:

CMBy may

; 1=0tok wa

CE

;where P and RE are the average of the productivity index P and the
yresearch and extension variable RE.‘ It is however, the value of the
marginal product that is required thus each annual marginal product in
1the 10 year lag must be multiplied by the value of one unit of produc-
stivity index Pa This is done as follows (Lu et al 1979, PPs 28-29

‘and Cline, 1975 pp. 90-94)

Cae, (A;iﬁ?f

;where AY %is the change in the value of output net of the change in-

;the value of inputs and AP“nis change in the productivity index bet-wic

!


http:expected,.as

fﬁbetween years.-.; Thus AY /AP9:is?the value (price) of one unit of
1;§productivity index.»
o Using equation (4 12) and the distributed lag coefficients from '
1:the distributed lag model III (excludes conventional extension) and
'imodel VI (includes conventional extension), the total marginal pro-il
)ducts summed over the 10 year lag are 3 04 and 2 42 respectively. In
the first case, this means that a million RS investment in research
‘and extension expenditures (RE2) will increase the productivity index-

by 3.04 points over a 10 year period.

A calculation of the value of the marginal products summing

“Equation (4.13) over the 10 year lag indicates’athP of Rs 6. 09 for
1model III and a. VMP of Rs 4 85 for model VI. "In the first case, thisk
_'means that an investment ‘of Rs P 00 in R & E expenditures will yield a
return of RS 6 09 over the 10 year period. However because the
tfreturns (VMP’s) are distributed over time, .a better indication of the
.returns to the investment would be to discount the VMP's to a. present

*value (PV).—/ Given the discount rates (r) of 5, 10 and 15 percen;;

"éj‘~ To be more precise, the basic equation used to calculate an
» - arithmetic productivity index P is given by:

P, = [Vl/(r0K1+w0L1]/[VO/(rOKO+WOL0)] ‘shere; V = the value of
output, K = the physical quantity of capital, L = the physical
quantity of labor and r = VMPK, w = VMP, representing tpe price

of capital and labor respectively (see Lu et al, 1979, pp. 6-7
and Cline, 1975, pp. 91-94 for the derivation o of the arithmetic
productivity index to this point). Thus AP = P2 - Pl and

',,AY=V2-V1-[(r0K2+w ) = (rgk, + WLyl

k o 1
I R ] (VMR /(L + 1))

=0
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*”PV of a Rs 1 00 investment in research and extension for model III

fwill yield Rs 4 93 Rs 4 08 and Rs 3 44 respectively~

;discount rates for model VI yields Rs 3.92, Rs 3 24 and Rsh2.74 2

respectively for a Rs 1. 00 investment in research and € _'i;ﬁfffi

In keeping with the conventions of" other studies of thisltype,
marginal internal rate of return (MIRR) is calculated using the

ffollowing formula, ik/ﬂ.f

=0 ()t

and is that discount r which equates':hégdiéssﬁﬁtga;fufuféﬁféggfnsf
with the initial investment.
Performing the calculations, the MIRR in the case ‘of model III :

(excluding conventional extension) is 85 6 percent. The MIRR for

;model VI (including conventional extension) is 64 5 percent.
icalculations using the partial production coefficients from models I
and II and models IV and v result in equal or higher MIRR's when com-

1pared with models III and VI respectively.

4 42. Rate'of Return from the Stock Variable Model
The rate of return to research and extension when used as a stock
variable is the same as the calculation of the rate of return of a ‘

capital stock variable in a production function. That is; the value

of the marginal product represents the rate of return ol'thelinvest- 7“

ment.~ The VMP of research and extension is calculated using equation

(4 15).~

Using the same

, G.14)

Similar



A

VMP = a mee o+ AL (4.15)
; - "RSEX AP AT

f{Using the” coefficient on: RSEXZ (excludes conventional extension) from"'

f(productivity model VIII in Table 4 2 the rate of return is 77&6 per-igv

lcent. Using the coefficient ‘on RSEXl (includes conventio al

»extension) from productivity model XII in Table;4 3 thef:a etoflff

return is 56 2 percent.8/ The average value of AY/AP over the 20

year period is about 2.0 million Rs.

4,5 'Sunmary and Discussion

Two different productivity models were estimated one using‘a
usecond degree polynomial distributed lag of the R & E expenditures as
the research variable and as the second, ajstock variable of R & E .
expenditures. The separate research and'extension expenditures weref
‘conbined into a single variable because of’nulticollinearity problens.

A discussion in section*4 2 of the extension activities led to
constructing two different types of R&E variables, l) an R & E
variable that included conventional extension expenditures and 2) an R
& E variable that excluded conventional extension expenditures.‘lh:99’
The calculations of the rates of return. to the direct iuvestment
in the Pakistani agricultural research and extension system are - sum-"

,marized;in Table 4.6,

8/ VMP(VIII) = 0.387 x (120.4/120.4) x 2.0 = 774 -
VMP(XII) » 0.454 x (120.4/194.5) x 2.0 = 562
v where P and RSEX are the geometric means.

D e
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Table 4.6 Simmary of Rates of Return to Research and Extension Investatnts,

Present Value of o |

Distributed Stock Variable R, 1,00 Investaent at Varies Discount Rates

Lag Nodel  Model  =meeees _

Tty

s " (Percent
Model A~ o
R(ElEx:l&dinQ" PRI
~Conventignal - OB T
Extension B

RKE Including ‘
Conventional 4,5 a2
Extension P

. {Rupees)

B 1 B % L LY X R

gy 7”13:9g‘-* )

nopaE

am

¢ Based on estinates fron the Distribited Lag Nodel)
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The rate of return figuren 135’551é7§}3”£§“°i§£§"*$£€féiﬁﬂ;;fgﬁg
‘ibounds of what might be eXPecte, '"" milar a -
~isis of other countries.f For example; Barlettai 8tudy “on Mexico: |
?(45‘93 Percent) and Kahlan, Bal, Saxena and Jha 8 study on India (63 i
&percent) indicate similar results (Ruttan, 1982 p. 243).

"‘, The rates of return in Table 4. 6 are the returns to incountryrm'

hinyestment in the research and extension system of Pakistan by,federal
| and provincial governments, PARC and donor agencies.: It is not': |
possible to examine the rate of return to individual contributors‘
separately., Also, the ratesyofgruturn do not include expenditures’for
research done at international centers. If Pakistan had to support
international centers such as CIMMYT and IRRI in proportion to the
benefits they receive (i.e., genetic material), the rate of returni
would be. much lower. Unfortunately, the type of information needed to
fcalculate such a rate of return 1s not. available., In this analysis,
nsupport from international agencies are looked upon as a. free good. .
Thus the rate of return figures in Table 4 6 can be looked upon by the
‘individual contributors to the Pakistan agriculture research and
iextension syatem as an overall average (marginal) return that might’be
lexpected from a broad based research and extension agenda.

o Since the rate of return figures for both the distributed lag y

umodel and the stock variable model are essentialJy marginal internal

rates of return, it was’ expected that they would be similar in magni- '

'tude. As Table 4 6 indicates, the rates of return are not exactly the



‘satie but “are within about 10 percent of each other in both modéls s

It was also’expected that the rate of return calculated frof'botw’

fthe distributed;lagrmodel and the stock variable model would be. higherg

.5on investme ts in R & E excluding conventional extension"han he,

(freturn;‘n R & E‘including conventional extension.~ Table 4.6

inchis out,for both ‘the distributed lag model and the stock variable
model.-g-/’».

Other researchers, Peterson (1967), Evenson (1968), Lu et al
JM(1979) have adjusted their results to take account of private industry
fR & E and R & E from other sources. Although small pockets of private»
fresearch exist such as Rafhan Maize Co.'s research on hydrid maize, |
their‘overall impactvis'very small (Pray, 1982). The HYV introduction
vvariable was used to account for other sources of R & E that the
fPakistan research system had not contributed to. Thus, it is claimed
*that the VMP's from the estimated models core from R & E investments
by the principle contributors to R & E as described in AppendixiB.*
However, if one were to suppose that only two-thirds of the}hﬁ?;couldk
be claimed by the principle contributors to R & E, the,rateskof’return’

wouldfstillvhe very high., For model A (excluding conventional

2/;7‘Rates of return were calculated for the 12 year distributed lag
' model and were 38.7 percent for model A (excluding conventional
extension) and 53.4 percent for model B (including conventional
extension). As noted, the magnitudes of the rates of return are
in reverse order to that of the 10 year distributed lag model
and the stock variable model.,
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"extension), the rates of return for the distributed lag model would be

“53 percent and 52 percent for the stock variable model. For model B =

j(including conventional extension), the rates of return for the
‘distributed lag model would be 39 percent and 37 percent for the stock

- variable model."



[CHAPTER 5

. Summary, Conclusions-and Observations.
5.1 ‘Summary
The main objectives: in:this study were first. to descrihe tha

Lgagricultural environment within which it operates.: Secondly, an

ffobjective was to btain empirical estimates of the benefits and rates

‘gthe agricultural sector. The agricultural sectorwis the dominant

:fsector of the Pakistan economy contributing to 30 0 percent of total

ftGDP and employing 55 percent of the woritforce as well as directly o

*zaccounting for 48 percent of foreign exchange earnings. The promifi
'énent position that agriculture plays in Pakistan s economy makes
;;agriculture a focal point around which programs can be built to

k foster economic growth .and development. -

Pakistan 8 present 3.0\p'rcent annual population growth rateb
‘”growth rate combined with a moderate rise in per capita income and
'the need for foreign exchange earnings puts a heavy demand onfthe
agricultural sector. At present, the annual growth rate of food andv>

fiber crops is 3 5. percent however, the growth rate in beef produc— "

-ition is 1, 2 percent. To avoid large food import bills and balance v

i;of payments problems in the future would require_growth rates in

{excess of those at present. To accelerate"the present agricultural

_cultural’ developme ﬁw°¢elw



7Chapter»2fdescribed'various agriculturalldevelopment maaeisﬁéﬁé9

.iin particular described a science-based agricultural model that relies;

ifion the physical and biological sciences, management sciences and.;f‘J

"?social sciences to produce and disseminate new technologies andfguide

‘finstitutional development. The experiences with‘a science-based agri-

cultural development model have been favorab:

but while Pakistan essentially- pursues a similar development model it
has met with less than complete success.‘

The further removal of biological and socioeconomic constraints

;;that are present in the Pakistan agricultural system have been inhi-f}'

bited by the inability to fully commit the necessary resources.. Low

} funding levels, inadequate numbers of trained professionals as- wellqj"
,’as inadequate equipment and facilities have constrained the researchr
4and extension efforts. Agricultural output and productivity have

? also been~constrained by the input and product markets. ~Science—

based agricultural inputs such as fertilizer, HYV seed, herbicides

;and pesticides are not always available in the desired quantities or“

rhtime periods because of an immature input marketing and distribution ﬂ"

l‘system.} Low product-input price ratios have militated against ‘a moref
}wintensive use of inputs and the development of a more. mature input |
;,marketlng system which has resulted in lower than desired agricul— ”i
f{tural output growth rates.-" | |

3 Chapter 3 empirically estimated the benefits and rates of return.f

x[to investments in wheat and maize research and extension. The index o

',number approach was used measuring the change in consumer surplus andé*'

in developed countries,'
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‘«producer surplus from a rightward shift in the supply curve due to
the: adoption of HYV seeds. Yield advantage figures used in the cal-

1cu1ation of the supply shifter were obtained from On-Farm Yield

' ,Constraints trial data for both wheat and maize.’b The yield advantage
.‘figures were weighted by the proportion of HYV to total area sown in'ﬂ

\'ﬁdeveloping the supply shifter. With respect to wheat, only those HYV

gareas sown to HYV's developed by a Pakistan/CIMMYT collaboration were j

Tincluded. i

'Qdid not contribute to were not included in the calculations of the

‘1was modified in the case of wheat to include provisions for govern—

.{ment price intervention and import policies and home consumption. TQ

fh The maize index number model only required the addition of{ “hom

”*fconsumption demand.

Annual benefits from the adoption of both‘wheat and maize HYV's b

:,iwere calculated once the annual prices and quantities, supply and J;
",ééa;ﬁd elasticities, annual supply shifter and home consumption .
idemand were made available. The annual’ stream of benefits for bothv
:‘wheat and maize were then related to their associated annual.stream
of research and extension costs. External, internal and marginal
rates of return were calculated for each.crop. 'For wheat, the inter-

nal rate of return ranged from 55 to 71 percent and the marginal rate

rof return ranged from 60 to 85 percent depending on the scenario._;

“'“ ate‘of return to research and extension investments in

hus, HYV introductions from other countries that Pakistan -

:perfvctly competitive, free trade index ‘number approach model;

\0

11‘ :\
\



:{maiz"‘were 17..t0" 25 percent ‘and -the" marginal rate of return ranged

Internal rates of return of
ginal rate of return ranged

15from 18 to 26 percent for all Pakistan. Internal rates of return‘of

maize in the provinces of the Punjab and N.W. F.P. ranged fromg18¢to“

'27 percent and 19 to 24 percent respectively.

The rates of return calculated in this stuav treated the support

from international agencies as a free good. Thus, the rate of;

return figures are to be looked upon by individual contributors to

.the Pakistan agricultural research and extension system as the £
returns that may be expected from a broad based research and exten-f;

sion agenda for each crop., An analysis of the rate of return to :

| wheat research and extension had Pakistan purchased the total ser-”“'-

: vices of CIMMYT resulted in a’ rate of return of 28 to 30 percent.
Efurther analysis indicated that the loss in monetary terms to thev
.wheat rust epidemic in 1977 78 was at least four and one-half timesi
the amount spent on the entire agricultural research and extension .
‘system for that year.
A limited analysis was conducted on the distributional effects

-‘between consumers and producers from the adoption of HYV maize.r
’Benefits were calculated for consumers as a group as well as changes

'*in producer revenues and production costs. It was found that the . ;

btcorrect specification of the supply ‘and demand elasticities and mar-“f’

!ketable surplus ratios were very important because the distributional

effects are very sensitive to small changes in these parameters.p



TWhilL‘consumers alwaysuﬁained,'smalf'changes in the elasticities and

;marketable surplus ”“3 ouldkresult in changing the producers B

*income situation from: negative to positive or vica-versa. Lack ofv;

gooi sound dat,uprecl ded a rigorous analysis of the istributional

‘effects between various other groups.

'fphachapter 4 empirically estimated the overall returns to all agricul-
4tura1 research and extension expenditures in Pakistan.> The analysis

’ took the form of estimating an - equation portraying a Pakistan total
'lfactor agricultural productivity index as a function of weather, ‘edu-
cation, research and extension expenditures and a variable to account
- for HYV introductions. Due to mlti-collinearity problems research
and extension expenditures were combined into a single variable.‘ Two
- forms of the research and extension variable were used. The first
';was as ‘a stock - variable and the second was as a lO-year second degreex
:‘;polynomial distributed lag variable. The overall marginal rates of
return from the two models were very close.‘ When all research and
extension expenditures are included, the marginal rates of return were
calculated to be 64,5 and 56.2 percent for the distributed lag model
”and the stock variable model respectively.

5 2 Conclusions and Observations

; The following conclusions and observations in point form follow
p' both from the empirical findings of this study and from the descrip-h
3tive ;analysis and background investigations into the Pakistan agri-,

jcultural system.,

ll_ﬂ.

\U;\U



lf““Pakistan must not only Sustain its present agricultural

'”L}(rowth‘rate but must increase it Af the country is to avoid

fflarge food import bills and balance of payments problems., The blue-;!

:Pprint exists to achieve the required growth rate in agricultura‘“ ‘;i
.;foutput in terms of a science—based agricultural development ‘
: This model to ‘some extent is pursued by Pakistan but not with the

: commitment necessary to achieve the required growth rates.f Higher ;?

‘ilevels of funding, manpower training and organizational skills ar ﬁ

f}required in both the agricultural research Jnd extension areas as.well
ias ins.itutional changes in the input and product markets. Without
ﬁﬁsuch a commitment Pakistan will not only fail to achieve higher out~
;fput growth rates but may even fail to sustain agricultural growth
xfrates at their present level.

. iffg; The science-based agricultural model of deve10pment requirps

a strong integrated agricultural education, research and extension '

system. Pakistan's agricultural model, however, cannot be charac—“
gterized as being 'integrated.' The linkages between the agricultu*al
»education, research and extension system are weak. It may be the;
P'appropriate time to reunite the research institutes and the univer-
ugsity education programs into an integrated research—education insti-i“
Aﬁtute and forge new linkages with the existing extension systems.

3, In observing the Pakistan agricultural research system it is

‘fsomewhat disconcerting that most of the initiative comes not from

;within the Pakistani system itself but from the outside.'oDonor agen—i'

‘fcies such as USAID and the international research institutes such as
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1CIMM¥T“rnd IRRI provide the impetus behind the more successful wheat,?{’

tmaize,and”rice programs‘Af Those commodity research programs that aref

: ot,backed'up‘ny a. strong incountry international institute program Q;

psuch_is the pulse kops or livestock are very weak. The concern 18 Vf

cif the outside initiative is cut off many of the successful programsf

;would:collapse. A further concern is that outside init ative:by

?itself cannot develop the full potential of the Pakistan agricultural'

{research system.

4. A strong incountry presence by an international instituLe may

ffocus a recipient country s’ research resources and attention to those
icommodities of the international institute at the expense of an‘

iequally important Crop. For example, gram is an important crop‘inki
the diet of many Pakistanis and overall more important than maize. |

Yet maize has received a larger share of Pakistani research resources

{tha vgram. ‘The gram research program .18 mnot affiliated with a strongl
lincountry presence of an international institute and gram yields have
gnotably stagnated, if not decreased over the years.: Although not
'known, funds spend on gram research equal to that of maize may have‘;
equalled or bettered the rate of return to maize.

5. It seems apparent that it 1is not enough for international
institutes to just exist but that they also have a strong incountry
presence when working with recipient countries. The incountry pree
'senceishould be in a’form that somewhat resembles a farming systems
‘unit‘that collaborates with other international institutes and the

‘recipient country's research system. ‘This is evidenced by the greater




';success of the wheat and maize programs in Pakistan relative to the
'vssuccess of most other research programs. The strong CIMMYT incountry
| presence that comprises a wheat agronomist, maize breeder and now an
"Leconomist provides the: necessary leadership for a successful program.

6. While the overall Pakistani research and extension system '

_requires strengthening, the two areas of the extension component
itself and the livestock component within the research and extension

system receive less: attention. It may be prudent to focus on crop

fspecific commodity research which give the fastest and largest WT[;L

'returns in the initial stages of an agricultural developmen,xprogram, g

however, it may be time that equally attractive gains can be madevff
,from the strengthening of the extension system as well as the live-
stock programs. o ‘ S | '
;J7 The prominence of international research institutes and the
*;ability to import varieties from other countries have the appearance
that a country can be a free rider and not invest in its own research
‘capabilities. Aside from the danger of importing weed seeds and k
‘diseases not common to your country, Pakistan 8 experience with the
,wheat rust epidemic on the surface indicated that it could indeed
himport HYV seed and get away with it. However, the imported seed~was
fno;better than Pakistan's best rust resistant varieties and it was
;the knowledge from the Pakistani research system that enabled the
‘:fairly swift and decisive action in obtaining the best available seed.

Without the internal research capacity, Pakistan would never have

rebounded to normal production levels the very next year.. There are t

Py
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\fthe case of gram blight,_th

}$;9jfff

ffalso no assurances of quality or timeliness of seed imports and as in .

xury of importing better varieties did

‘not exist., Production statistics indicate that gram production did

fﬁgnot'\e‘ und to?normal lev ls in the years following the gram blight.

:tThe above rea5uns combined with the knowledge that most technology is

"loc‘ ion specific suggests the need for strong in country research

‘;zcapabilities..x

’ﬁ&fﬁfsB; The empirical results indicate that despite existing problems
:;in the Pakistan agricultural system, the expenditures on agricultural
'research and extension pay ‘a favorable rate of return.: The marginal
‘rates of.return to investments in wheat research and extension of
;ibetween 60 to 85 percent and to maize research and extension of 18 to
| 26 compare favorably with rates of return from similar studies done

;gin other countries.' The overall rate of return between SS'and 65 a

B

12percent;to all expenditures on agricultural‘research and extension in

Pakistan also compare favorably. With the knowledge that Pakistan's
research, education and extension system is underfunded and under-

staffed relative to other country research, education and extension E

'systems, the high rates of returnfmay also suggest that the agricul-.
}tural research and extension system is underfunded. Economic prin-

| ciples dictate that investments in a particular enterprise should

continue until the rate of return is equal to the returns to invest-'

' ments in other enterprises. Unfortunately, a full range of rate of

'freturn figures for alJ investments in Pakistan is not available.xf :

However, given the magnitude of the rate ot ‘returns,’ it is unlikely



ﬁfthﬁt there‘are manygalternatives._ One can easily come up with B

;5existing investments such a.:the Karachi steel mill or the»Kara hi

fgnuwlea ’power plant that would not begin to approach the rates of

ffreturn to agricultural research and extension.

To end on an optimistic note, Pakistan, gifted with the largest

7irrigation system and some of the best land in the world has the

’potential to increase its agricultural cutput and productivity.f The |

recent strengthening of the Pakistan Agricultural Research Council
t(PARC) with its collaboration with donor agencies and interuational
’institntes«shows signs of taking more initiative in the developing of
: Pakistan's agricultural development model. The past few years has

seen increased numbers of scientists being trained along with the

establishment of the National Agricultural Research Center (NARC) and;‘

'an effort ‘to coordinate research and extension programs. Th:“rec"t

;project to integrate research and teaching at the agricultural uni-

versity in Peshawar is also a promising venture.
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APPENDIX'A

Wheat ‘and Maize Résearch and Extension Expenditurés

‘maize

;are ivenjby Province in Table”A—,ﬁ ‘The expenditures were: obtained’

~‘from the directors of the provincial agr1cuturalgresearcn'i titutions.

Iin each of the four Provinces. The institutes in the Punjab Sindl“/“

3 .W F.P. and Baluchistan are the Punja ?Agricultural Rescarc% Insitute,

1Faisalabad Agricultural Research Institute, Tandojam,*Agricultural

;Researcb Institute, Tarnab and the Agricultural Researc Institutelﬂ
'hSariab Quetta respectively. Some of the earlier year data was not l5
eavailable and the earliest known data used in its place. The earliest
'{available Baluchistan data is 1976-77 and rough estimates are used for
DrPVious vears. |

Maize cultivation;and therefore research occurs mainly in the

Punjab and N.W.F.P,. A minimal amount of maize research occurs in Sind

and Baluchistan thus th“iexpenditur s‘are not reportedt

The expenditures in Table Ar

1. re basically research expenditures

and do not include experimental farm extension activities.p For the

analysis, the totals inM:able A—l for both wheat and maize are doubled
to take into account the experimental farm extension activities.

(i"jSeveral other sources from which wheat and maize expenditures were

_extracted are given in Table Ar2.. The objective is to include both

[research and extension, in particular that form of extension invol—

Zving seed multiplication and transfe ”rom the discussion on exten— :

‘sion in Chapter 2, it. was felt that conventional field assistance,’aﬁ”
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'ablsA-l. Pravincial and Federal Research Expanditures On Wheat and Maizs, .'

Year

¥heat Research Expanditures

MNaize Resmarch Expenditures

0 Pungab Bind  NWFP  Baluch, Total Punjab Bind  NNFP Baluch, Total
(000" Current.Rs. )
1960-61 S0 M7, 85 %0 32w - g .
1961-62 1 0% 8| . e
1962-63 3N 17 65 %0 . %2 SN | RS
1963-84 8 17 1 SO 40 19 - 1855 e
1964-65 285 117 Mooo00 6 W3 - 23 -
1963-56 AL S PV 19 100 4TS - - 302 - 29 -
1968-47 A3 118 15 100 818 38 - 13-
1947-48 25 13 147 100 595 392 - -
1968-69 YA b7 183 150 . M8 3. - 183 -
1969-70 1% 20 150 . @6 - M - 202 -
1970-11 W 1 B 1% 1327 982, - ¥V .
1911-12 4 143 205 150 1064 78 - a8 -
1972-73 706 155 321 200 1386 - 882 U |
19713-14 618 155 I 20 1346 1050 = T -
1974-73 693 1% I 200 1458 1398 - .
1973-76 %1 2 9 200 193 1579 . 4632 .
1976-17 837 1M Jo4 2% iy 15 - 7% -
1977-78 1094 197 083 T . 2076 14eb - 883 -
1978-79 1% 3 57 42 am o - m -
1979-80 2412 3% W bt S PV - 1010 -
1980-81 1640 335 889 430 3294 1500 - 1134 -
1981-82 163 I [ B B T R 1] - 1006 -

!Wltms" Taxt of Appendix A for description and source of data, .

Vi '
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TablnA-Z. Reswarch and Extension Expenditures By Source In Thousands of Currant R,

Extension Expenditures

Yor Including  Exciuding  AEARC NIAB PARC USAIDIFGRD Plrnblk
Conventional Conventional EERN - PLB0 B
Extension  Extension I
1) (€2)
(000"s Current Rs.) - .

1940-41 8427 3918 i . =
1941-42 14455 9328 PA . L
1942-43 13607 2719 140 - e
1943-54 18123 JB&S 208 - 4 ot
1944-65 21388 3046 )| - B -
1965-64 14982 9193 103 - . -
198467 175 T2M 114 - e
1947-68 1734 7028 117 .- - R
1948-49 17548 247 "3 - = -
1949-70 16280 4000 1w - e e -
1970-71 20239 48b 166 - - KR -
1971-72 16232 3 150 - - 510 -
1972-13 18340 37% 211 - Chie 710 -
1973-74 e 11928 1] - 2702 1333 83
197478 46631 15436 - 308 487 14528 )] AL H
197874 93762 28408 107 587 28446 8288 140
1976-17 116461 52764 82 782 17438 8842 1128
1477-78 133768 72190 844 83s 20112 13620 1688
1978-79 138899 44378 629 1239 21491 15884 490
1979-80 202982 130588 448 1354 31849 19345 476
1980-81 27939% 1501764 820 un 526435 16208 780

1981-82 3213048 1727034 1090 1467 122822 22823 bA

BOURCEI 8n mt of Appmllx A for dmriptlon and soum of, data.
L3 Estmtc. R , ,

v
!
I
Wi
3
M
;



'”extension added little to increased productivity. Thus tw”:differen“{

extension expenditure categories are constructed as follows.‘

- which includes conventional extension, and 2) E2, whii:'exclude cdn4
'rventional extension. The construction and sourcesioff he extension :

-expenditures are to be found in Appendix B.

Since the extension expenditures in Table A-2 are total Pakist;”

.figures for all crops and livestock, it is difficult to accurately

assign the proportion of expenditures to wheat and maize. Whe_

; on the basis of the percentage total acreage sown of a crop to:total_i
ffsown acreage of all crops, the proportions would be 35 percent/w eat
fand*S percent maize.

Other expenditure sources for wheat and maize are: the Atomic ‘[‘

.Energy Agricultural Research Centre (AEARC), Tandojam andi!he

National Institute of Agricultural and Biology (NIAB), Faisalabad..‘_;
The expenditures for the two centres were obtained from the Directors.
’Research is done about equally on about five to six crops at both 3'hf
centres, however, little maize research is done at AEARC, Thus, 20
bpercent of the total figures of the AEARC and the NIAB in Table A—2*
will be pr0portined to wheat and 20 percent of NIAB to maize. | -
| The construction and sources of data for PARC, USAID/FORD/PL-480
1fand Pirsabak are contained in Appendix B. fThe proportion of expendi-
’;tures ‘for wheat and maize from the PARC and USAID/FORD/FL-480 sources
kare the same as that for extension with the exception that maize expen-
;ditures are 35 percent of the USAID/FORD/PL-480 source. This ref1ects

*the committment of having inrcountry a full-time maize breeder. The

AVY

r it

\{‘ 'r"'



o on wheat and maize. The current figures are added together 54

,ffrom Tables Arl and A-2 in the manner described above.. The;const _té&

:,inyggriculture (D2) ’ The two deflators areldescribedXinjAppendix B

and are presented in Table B-6.

The current expenditures in Tables A-1 and Ar2 are deflated in the

~following way.: Total wheat and maiae expenditures in Table Arl are T
ideflated by using Dl on 40 percent and D2 on 60 percent of the totals.
El in Table Ar2 is deflated using Dl on 40 percent and D—2 on’ 60 per-,
| cent of the total. Sixty percent of E2 expenditures are deflated by
:Dl and 40 percent by D2. Thirty percent of AEARC, NIAB and PARC
;expendltures are deflated by D1 and 70 percent by D2. USAID/FORD/

‘ L-480 and Pirsabak expenditures are deflated by DI. The proportion
fin which the deflators D1 and D2 are used in deflating each expen-
}diture category is based on the background data used: to construct the

ftotals and conversations with Directors and scientists on the propor—i

ftion of the budget spent on salaries and capital items.,

:Table Ar4 includes maize research and extension expenditures for
?the Provinces of Punjab and N.W.F.P. Current expenditures by province
%are accumulated from data in Tables Arl and A—2 in the same manner
‘that they were in constructing the total maize expenditures.b Exten;

:sion,,PARC and USAID/FORD/PL-480 expenditures are split fifty-fifty

Ha
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Tible A-3, Wheat ind Neize Reswarch ané Extension Expenditures, Pakistan,

Wheat Expenditures - Maize Exgenditures

2§i;t.» ' Including Excluding | Including Excluding
e Conventional Extension Conventional Extension Conventional Extension Conventional Extension

Current  1939-40 Current  1939-40 Current  1939-40 Current  1939-40

0008 Rs.)

1960-61 wI| 3% 0 B0 1) s S ¥ 1

1961-62 6168 3080 a3 e 1200 f88 W om
1962-63 Je98 472 2984 AL} 1138 7 - T4 388
1963-54 AL 5983 PATL 1808 1604 1216 89! 676
1964-63 8724 6343 2938 amn 2031 1328 1204 ]
1963-46 6414 4636 3188 2319 1811 1273 1321 13}
1964-47 T46b 1974 3788 2647 1919 1219 1394 246
1967-48 1266 LEL 3673 428 1943 1218 1429 "3
1968-59 7600 m 3293 2156 1967 1219 1332 83%
1969-70 7453 4752 MTH A8 2130 1387 1516 984
1970-71 9794 6394 4280 2979 a3 1781 1943 1293
1971-12 8019 W3 3823 22 3008 1730 2380 1380
1972-13 9489 3380 39 1364 3862 1373 3134 1116
193-14 17208 3346 8923 1723 6739 1313 3338 1084
197475 17203 4448 13991 2750 9837 1702 8278 1433
1973-76 49833 8310 271029 343 13617 243 10339 1706
1976-77 34368 8619 32081 3143 13213 2392 12032 1896
1977-78 63899 8821 230 3983 18109 433 13030 2048
1978-79 67131 87 4047 3436 17987 2281 14262 1813
1979-80 111415 13639 71389 9023 23480 3030 19784 2368
1980-81 144351 19032 N 10060 33239 3781 21799 2300
1981-82 170802 18633 118791 13339 33838 3821 28408 3063

SOURCE: Tables A-1 and -2 and Tost tn Appendix A,
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- TipiBTAQ('fih;itfand\Hqiinvﬂnsolrch and Extansion Expenditures by Province, Pakistan,

Punjab Expenditures NNFP Expenditures

Yar . Including Excluding Ineluding Excluding
Conventional Extension Conventional Extension Convantional Extension Convantional Extension

Current  1959-60 Current  1999-40 Current  1959-40 Currant 195940

(000°S Rs.)

1960-41 399 L TL 485 484 36‘1 oo 160 180

1964-82 49 618 621 309 8 hYAS 283
1962-43 - 728 374 320 40 a0 Y 2 17
1963-44 i 638 483 38 183 e 407 309
1964=43 1083 817 672 310 45 " ¥32 103
1963-6 m 689 734 322 833 386 J88 M9
1966-67 1208 803 43 638 2 73 30 308
1967-8 1218 762 ¥80 610 728 438 470 303
1968-49 1203 T4 8% 364 783 75 438 M
1969-70 1320 8y 1012 633 812 "7 303 3
1970-71 1382 q01 988 636 1392 881 98 637
1971-12 2017 1166 1703 91 992 363 678 388
197273 2348 8% 1983 704 1316 939 132 409
1973-14 3831 708 3039 3% 3109 604 riy 488
1974-73 ¥330 74 4730 816 §308 L] 3529 506
197376 1778 1280 6149 1012 9840 93 212 683
1976-17 8203 1267 6611 1039 7013 1093 ye2t 844
1977-78 9330 1263 1m0 1037 8780 1176 7240 972
1978-79 9312 1" 7448 M 8677 io8? o814 834 -
1979-80 12917 1538 10038 1207 12364 1492 9703 1181

1980-81 16946 1922 11218 1281 16314 1844 1033 1203

SOURCEs Tables A-1 and A-2 and Text in Aopendix A,

»’?



ifbetween the provinces which roughly;represents their split in maize

acreage. The NIAB expenditures are included in the Punjab expendi-

;tures and the Pirsabak expenditures are included in the N.w F P.

expenditures.' Deflating the current maize expenditures into constant
bl959 60 Rs. is done in- the same manner as before.

: Table A-5 presents CIMMYT and Pakistan wheat expenditures. Cur-

rent CIMMYT expenditures in US dollars are given/in column l. They

‘are obtained from financial statements found in the CIMMYT Review, a
yearly publication from the head office in Mexico. Current CIMMYT

expenditures are deflated using the USA CPI found in The Economic

Report of the President, 1982, Since‘the money is spent in Mexico.and

other countries, it is difficultjto;obtain a deflator. The USA CPI was
used because most of the scientific staff are paid in American funds
and a good proportion of supplies and equipment originate in the USA.
The CIMMYT expenditures are changed into Pakistan rupees using the
official 1973 to 1982 exchange rate of Rs. 9.9 to one US dollar.

The CIMMYT expenditures for 1973 to 1981 in columns 1 to 3 are. for
both maize and wheat research. A breakdown of maize and wheat expen- |

ses in the CIMMYT Review, 1982 indicates an almost equal split between

‘2the maize and wheat units. Thus, the CIMMYT wheat expenditures as
'shown,in column 4~for the years 1973 to 1981 are one-half that of
?columnAS.n Expenditures by CIMMYT and other international agencies
Eisuch as the Ford and Rockefeller Foundatins prior to 1973 were not

55va;155' kifA generous yearly figure of Rs. 20 million in 1959- 60

'ﬂconstant'rupees are/given to: the years 1960-61 to 1971-72,
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_‘ TabllA-.':. CINMYT and Pakistan Wheat Research and Extnhi‘lo‘n‘“Eiplhdl:tum.

CIMMYT Total Expenditures (Nexico)

CINMYT and Pakistan Wheat Expenditures

70,4

U Yar
R Current Constant Constant CINNT CINMYT and Pakistan
© VSR ¥ 1959-40 1959-40 Constant
UsA § Rupees 195940 + +
Rupees 3l 73
U In-Millions )
1940-4§ - - .20,0 8.9 ' f22.g4,;
196162 20,0 8.4 334
1962-43 - 20,0 .7 7
1943-54 20,0 8.4 1N
1964-43 20,0 - 2844 -3
1945-54 20,0 A7 /Ry
1966-67 20,0 25,0 2.4
196768 20.0 U4 S 2.4
1968-49 20.0 8,7 22
1949-70 20.0 24,8 2.4
1970-7¢ 20,0 2.4 22.9
1971-72 L 20,0 A7 A2
1972-73 8.0 SR % B 2.9 28.4 29.8 28.0
1973-74 1.3 SIS M- R LN 22:2 25.6 3.9
1974-73 %y 8.0 9.7 2.8 29,3 2.4
1975-76 i1.9 82 b1.5 30.8 3.4 383
1976=77 11.6 &7 36,3 28,2 36.8 b PR
1977-78 15:.2 b9 8.3 3.2 3.1 40,2
1978-19 17,6 1.2 70,9 35.5 4,2 40,9 L
1979-80 19,3 b9 68.3 .2 9 33
1980-81 21.8 74 39.2

SOURCE: See Text in Appendix A

+ E1 Inciudes and E2 Excludes Conventional Extmlon iy |



olumns 5 and 6 Table ArS include the total CIMMYT p""'

:wheat research and extension expenditures._ Column 5 isﬁihe sum of

'column 4 plus the Pakistan wheat expenditures on researc and exten-

sion (including conventional extension) from Table A-3.

’the ‘um of column 4 plus Pakistan wheat expenditureSﬁ(excluding con— h

ventional extension) from Table A—3.

Pakistan‘,



. Appendix B,

‘Productivity Model Data Construction and Sources

The construction and data sources of all the variab’es used:inv

Ufthe estimtion of the productivity models in Chapter 4 are

‘fgthis appendix.3 Tables B-l and B-3 include all the variables

‘“the Pr°d“°t1V1tY models.‘ A matrix of simple correlations
ffvariables ‘are given in Table B-2. Table B-6 includes the“deflatorssz

liused in the analysis.

'The Productivity Index

fTwo productivity indexes were used and were obtained from Wizarat

',(1981) and Wizarat (1983). These are presented in columns (1) and (2)
pof Table B—l. The first productivity index (PIl) is an arithmetic

index of productivity constructed by dividing the index of agri- ,;

{value added in Pakistan (major and minor crops) by an: aggree .
;gate agricultural input index.i Included in the input index is land
1agricultural labor and capital which includes draught animals, private
;and public tubewells and tractors.t The land labor and capital inputs
are'aggregated by using factor prices as weights. |

| The arithmatic index is derived from a linearly homogeneous pro- .
‘;duction function and a discussion along with the derivation can be |
ffound in Lu- et al (1979), USDA (1980) and lotopaulos -and Nugent
vr(1976). The use of the arithmetic index carries with it the assump-

‘:tion of perfect competition and that the inputs are paid there margi—'

nal products and that the marginal products are accurately measured by

_'their prices. Also;l ‘162, p..601)


http:crops).by

‘B.2

'»'”°"The marginal products of the inputs ‘are changed only by
the"other forces' and always in the same proportion, so that
their ratios remain constant and independent of the ratio of
'.the quantities of the inputs, however fast capital may grow
relative to labor.” o

N The second productivity index that was used (PIZ) is a geometric
a7index of productivity which was pioneered by Solow (1957) and ‘has come
"to be known as the Solow index. The index is based on an aggregate
vproduction function that - exhibits constant returns to scale (usually a
iCobb—Douglas but not necessarily) and assumes a perfectly competitive
‘economy and Hicks-neutral technology change meaning that the marginal
vrates of substitution of inputs remain constant over time. The Solow
index combines the. changes in inputs using the elasticity of output
(factor shares) of each input as weights rather than factor prices as.
is done by the arithmetic index. The derivation of the Solow index is

: found in Solow (1957) and Yotopaulos and Nugent (1976)

*aprart from the above assumption of the construction of the two

4 productivity indexes, the index may also be biased because of errors

'fin measurement of the data.‘ This is particularly true for the two
.findexes used in this study and even more true for the earlier yearly
sindexes. Given the amount of data used in the construction of the two
'”indexes and the various sources, it is not possible to form an opinione
'of the direction or magnitude of a bias due to data measurement’
*itself.v However, it must be said that Pakistani data is among the

hbest of all LUC countries.

5The two indexes as shown in Table B—l move together very closely

_with a simple correlation coefficient of .99 for the years 1959~ 60 to

.197& 79. They are both similar in magnitude on a year to year basis ;



Table B-1, Productivity odel Variatles,

- Productivity Index Literacy -~——-eeeeeceme-
Yar Index  Total Dev, Froa unes. . esesscsaes -
' Arithastic Solow Rain  Maan et e T
(FI1) (P12) (ED) (W) (W2) (HYV1) (HYV2) - (EX1). (EX2) - (RS1)

(195940 = 100) M) 1000°8 1999-60 Re.)

1933-54 109.3  108,9

1934-35 109.9  105,3

1933-34 106.3  104.1

193637 10,3 1041

1957-58 102.3  102,2 :

1938-59 1067  103.7 R . -
1959-50 100.0  100.0  100.0  883.7  215.5 782 A8 WY

1960-61 89.4 897 1021 3758 2.2 8.3 2.9 32.9
1961-62 ~ 955 1049 1043  388.2 19.9 8.2 3.8 55,9
1962-63 8.6 987 04,4 3528 4.2 M3 382 3.1
1963-64 10,3 9.9 108,7 285 -91.8 103.7 37.8 64,2
1964-43 10,1 103.5  110.9  443.2 9.9 115.8  40.8 .8
1963-84 1000 100.3 13,2 2734 -4, 12,2 44,1 8L.4
1766=87 106,1 1053 115,46 333 4.9 121.7 48,4 83.4
1967-48 1221 1215 117.9 4091 60.9 13,8 48,8 87.1

133.8 48,4 90,3
1317 46,5 9.1
130,46 441 2.3

1968-69 120.3 128.9 120,53 2760  -72.1 0.4
1.0
1.9
.9 1312 451 9.7
34
48
b

0.1
1969-70 W6 145,3  123.0  280.6  -B7.% {1
1970-71 1387 1386 1286 392 -29.0 2.3
1971-12 13,0 137.2  128.2 245 -B3.8 3.4
1972-73 1369 1368 129.8 288,37  -89.9 4,8
1973-74 LY 1 131 MA 88,3 48 120,  37.3 91.8
1974-73 1359 1389 131 2824 -88.3 B 5 {.e I3 87.3
197376 1390 1392 1348 467 1184 B3 9.6 1089 9.2 86.4
1976-77 139.3 1396 1364 4662 17,9 100 124 108.8 44,7 93.8
1977-78 140,.2  140.9 138,2 379 -30.3 153 183 125 %0.8  100,2
1978-79 144,53 18,8 139.9  M2.5 a2 20,1 8.6 1162 958 106.4

1257 38.%9 3.1

SOURCEs See Text for description and source of data.
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"_Tib'l‘ii‘ﬁ-:S'.};'Yearly Total Research and Extention Expenditures,Pakistan

Current Extension Exp. 1939-60 Extension o,
, Current 1939-40
i Year Resmarch  Including Excluding Research  Including Excluding
Expenditures Conventional Conventional Expenditures Conventional Conventional
Extension  Extension Extension  Extension
“(R) (E1) (E2) (R} (EN (E2)
(000’8 Current Rs,) - (000°8 1959-50 Rs.)

1948-49 3003 8404 W 2,3 10713.3 714.8
1949-50 3190 3899 384 4214 779,35 734,35
1930-31 3057 3872 Je8 4001.3 3047.8 730.4
1931-52 - 3244 ALTH 337 4064.9 341,85 72,9
1952-53 Joze 3983 302 35725 17,9 633.2
1933-34 3036 4166 368 J44.5 44835.8 638.9
1954-55 32N 4866 360 3807.3 30322 631.9
1933-56 - 3630 4784 103 4259.9 3814.7 823.1
1956-537 6320 6448 3949 69474 7109.4 4373.9
1957-38 6739 9142 3998 6848.4 9290.4 4063.0
1930-39 7389 11944 a7 8000.4 12627.9 7219
1939-40 nn 14604 3878 719729 14603.7 3878.0
1960-61 7310 8427 3918 69929 8077.8 3729.3
1961-42 8747 14433 9328 1216.7 11808.5 7568.2
1962-563 11031 13607 3279 8697.9 10678.0 H17.9
196364 14479 18123 3863 11003.6 13801, 1 2931.2
1964-45 17969 21588 3046 . 13610.8 167821 3973.9
1963-65 11321 14982 3193 8049.1 10807.1 3848.9
1986-47 12874 17783 4l 8644.8 12140.0 3180.9
1967-58 16086 17341 7028 10240.3 11182.4 4759.0
1968-69 18718 17348 247 10333.6 11240.4 3607.9
1969-70 10412 16280 4000 7236.0 10346.9 29271.2
1970-74 13493 20239 4486 8418.8 13533.8 J486.4
1971-72 15263 16232 3872 8%90.1 8692.9 2628.4
1972-13 17333 18350 379 Jieh. 9 6336.9 1413.6
1973-14 38036 35184 11328 6704.4 3407.9 439.5
1974-73 7933 46431 15434 12463.9 J289.9 3038.3
1973-74 97001 93762 28408 15460.5 10794.4 3786,2
1976-77 99783 116451 32784 15083,3 13632, 1 2499.4
1977-78 123662 133768 7219 164726 13790.3 11833
1978-79 148817 138899 64375 18323.8 14891,3 9423.1

1979-80 168373 242932 130388 20039.8 25032.9 18022.9
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':fand follow similar turning ponts with the exception of 1962-63. Thef'/

"}two‘indexes are constructed using exactly the same data and although

{[there may be methodological reasons for choosing one index over. the
W*other, there is little reason to here because of their similarity.t;A“T

.discussion on the issues of productivity and productivity indexes can

‘be found in Domar (1962) and Lave (1966).

‘ 'Weather Variable

The weather variable'consists ff~afmeasurement of yearly rainfall

vin millimeters. Two different variables werefconstructed (1) total :
‘ayearly rainfall in millimeters (w1) and (2) the deviation from the
fimean of total yearly rainfall in millimeters (wz). Monthly rainfall
?figures are given by district from the Regional Meteorological Centres

: in Lahore and Karachi. The average rainfall per year for all Pakistan

iwas ol Mained by taking the simple average of all the districts by
"fmonth and‘then summing the monthly figures to obtain the total. All
ithe monthly rainfall data by district was obtained from the Ministry
of Food and Agriculture, Planning unit, Islamabad.
Education :

The education variable (ED) consists of an" index (1959 60 - 100)
‘-of a linear interpolation of the literacy rates of rural males (ages i

"20-24) from the 1961 Census (25.3%), the 1971~ 72 Census (31.3%) and

>

fthe—1980-81 Census (preliminary 34. 84) Literacy is defined by the

»:1961 Census as "the ability to read: with understanding a short state

»ment on everyday life in any language.” The spirit of the 1961 defini_.

‘tion corresponds to the definitions of the 1971 72 and 1980-

Y
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‘Tdéﬁéaseé[aﬁa7‘ééiihéféfaféﬁéoubafasie.. It is: however not possible to

/:definition of literacy is a pﬂrson who declared ability to read any
»1anguage which does not include the understanding portion that the_

three latest censuses require. To be ‘more specific, one was con-f

sidered literate in the 1951 Census if one had the ability to cite

“memorized passage of the Koran even if there was no understanding and;
ability to read any language.

'HYV Introduction Variable

: The HYV introduction variable is a variable that‘attempts to“ﬁ

measure the influence upon productivity from those HYV's that are
:being used by Pakistani farmers but that have been introduced from

wfanother country. This means. that the HYV was produced by a researcn

7’sy tem _rom another country or international center.  Two: variables
1:have‘been constructed. The first (HYVl) is the simple addition of
i;hectares sown ‘to wheat and rice HYV's that are introductions and
'yeapressed as' a pe“centage of total hectares cropped.‘ The percentage
‘of hectares of wheat in this category is obtained from Tables in
'Appendix C. The percentage of rice in this category is considered to
wbe all IRRI rice hectares and is obtained from Agriculture Statistics
'of Pakistan (variouc vears)

| The second variable (HYV2) is a weighted average of the wheat g

fand rice hectares from above by their procurement prices (Basic Facts,;

'1981 p. 46).‘



“Research and Extension Expenditures
B The yearly research expenditures for R 'andfthefyearly extension
[lexPenditutes El, and E2, are included in Table B-3, Research expen-

:ditures represent monies spent incountry by both Pakistani and donor

}agencies., Extension expenditures El include expenditures on conven—u‘l

lsnional field assistance type extension, seed multiplication and

»distribution expenditures and;extens nirelated activitiesf“

:donor agencies. Extension expenditures E2 are expenditures#_

[excluding the expenditures on conventional field assistance extension.;

Compiling research and extension expenditures was a difficult and

‘time consuming task. No agency in Pakistan is charged with the

responsibility of establishing a yearly total of research and exten—vfr

sion expenditures. The funds for research and extension come: pri-ii
»marily from four sources, 1) the Federal and Provincial governments,

,2) Cess (levy) on agricultural exports, 3) PARC, and 4) donor agen-

cies'of which USAID funds the largest share.

fl) The Provincial and Federal governments

ul:The expenditures by provincial and Federal governments are

jobtained from several sources. The combined development and‘non;—
ddevelopment expenditures for the. years 1948 49. to 1955-56 ‘come from
’yearly Provincial budget publications entitled "Detailed Estimates of-
Revenues and Expenditures"”. Non—development expenditures are expen-

ditures on on-going projects. Development expenditures are . expendi-»

tures on new projects, the majority of wh"h will appear on the f

non—development ledger afti;

the initialrdevelopment stage is over.g';f
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;Thefproportion of development expenses forkcapital items is usually

7higher,jhan“capital expenses in the non-development category.v1

fNest‘Pakistan .‘ The budget is no longer by Province but amalgamated

finto a'West Pakistan Budget. All the expenditures are actual expendi—
.tures with the exception of 1968 69 which are revised budget figures.

G The non-development expenditures for 1969-70 to 1979-80 are-,

eobtained from yearly Provincial publications entitled “Estimates of
-Charged Expenditures and Demand for Grants". The figures are revised
estimates and not actual estimates.. The procedure is to first allo-
cate funds, then complete a revised estimate in the middle of the year
iand then a final or actual estimate after the year is closed out.~
Actual estimates have not been reported after 1967-68 with a fewiw

:exceptions and thus only revised estimates are available. An attempt

‘to obtain actual estimates from the Finance Secretariate proved‘

;fruitless., Conversations with budget personnel 1ead me to believ

:that on balance, revised estimates of research expenditures are higher

'than what the actuals would be. This however, seems not to be a large
problem with extension expenditures. Also, expenditure figures forj

1969 70 are only available for the Sind thus other provincial expen- |
'ditures for 1969 70 are assumed to take on the same increase over the

1968-69 year as did the Sind expenditures. e

v,'\?gi



_The reséarch expenditures include several categories as fo™Iows;

~fDirection, Superintendence, Experimental Farms,,SeedéFarms;fDistrictfd

e and an’ Agricultural Experime" - Ea

n5the categories are divided into l)ypay.and other (salaries) which
,'includes pay of officers, pay of establishment, travel and other

i (housing allowance) and 2) contingencies (capital) which include pur-
'chise of capital items.‘ The categories included in extension expen-
rditures are, Direction, Superintendence, Experimental Farms, - Seed.
v;Fa*ms, District Farms, Demonstration and Propaganda and Extension f;‘
«Services. Each category is. also broken down into 1) salaries and 2)lf'
‘capital. The proportion of expenditure assigned to reseaich and to |
‘.extension for ‘the categories of Direction, Superintendence, |

fExperimental Farms, Seed Farms and District Farms are made on the‘.

basis of figures from the Punjab, 1974~ 75 to. 1979-80.? Previouv“
" 1974-75, the Punjab as well as the other provinces for the yearsj?r
1948-49 to 1979-80 did not break down the expenditures.

The development expenditures for the period 1956 57 to 1979 80
_come from various sources. A lump sum figure for the years 1956-57 to
i1959 60 was obtained for West Pakistan from Mr. M. Hussain, Planning

: Secretariate, Planning commission, GOP, Islamabad. Yearly figures for
DWest Pakistan for the years 1960-61 to 1969-70 were obtained from the1~
-tsecond and third evaluations of the five year plans for 1960-65 to o
"~1965-70 a1so from the Planning Commission, GOP. Research expendi-
dtures come ‘under the category of "Agriculture Research on Crop Pro-
duction . Extension includes the categories "Agricultural Extension"

andV”Seedeultiplication and Distribution"”. Yearly development
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'?figures by province and f'"”the central Government are available for

lthe same categories.for h years 1970 71 to 1979-80. These figures,:

4.however are mainly allocated and revised es*imate figures. These

figures are obtainedhfrom:the publication, Evaluation of the First l-

Two Years of the Fourth Five Year Plan 1970~75, Planning Commission,sr

'GOP April 1973t”nd various issues of the Annual Plan, Planning

xCommission,:GOP Islamabad. The development figures for 1955-56 to B

"1979-80 are not divided into pay and other (salaries) and’ contingen—'A

3cies (capital) and an overall 40-60% split is used respectively and is

?based on conversations with the Planning Commission.

‘~-:7Year1y GOP non-development expenditures for research and exten—

,sion are from Demands for Grants and Appropriations, GOP, 1952-53 to'

y1979-80.

“ xﬁi A11 the individual yearly data that was collected from the budget

‘books have been typed into tables and is available from the member,
.Social Science, PARC Islamabad. All the budget books can be found by
'going to both the Planning Secretariate Library, Islamabad and the
State Bank Library, Karachi.

| The yearly current expenditures for research and extension by
'the.two categories of salaries and capital are presented in Table B-4.
»Thezresearch expenditures . are'corrected by decreasing the non- |

development expenditures by 20 percent for the years 1969-70 to

‘1979 80 to reflect that they are not actual but revised figures.» The :

research data for the years 1970 71 and 1971-72 have also been revisedV

further downward because the development figures for this period are



| Tablé'B-l. Reﬁearch and Extension Expenditures By Source InkThﬁdsdﬁds oflcurrént Rs.

Provincial and Federal Expanditures

- COTTON USAID/FORD  Pirsabak - -
Yoar Research Extension ¢ CESS PARC PL-480 ‘

(R
eaacaape

Services Eoulp.
Salaries Capital Salaries Capital T O

{ 000°s Current RS, ) -

1948-49 1312.1 860.0 1272,2 73322 8
1949-30 1383.2  1003.8  1264,2  2433.1 833
1950-31 14704 7336 1635.0  2336.7 833
1951-82 1383.2  827.6  1630.1  1834.4 B33
1932-53 13844 8407 19949  19%8.0 833
1933-54 139,2 613 21%9.4  2006.3 833
1934-33 1644.1 7934 2845.8  1820.5 833
1933-36 1920.3 87,2  3637.2  1146.% 833
1938-37 3385.7 21009  3510.7  2937.5 833
1997-38 3.9 /7.0 02,3 4539.5 1020
1938-39 3736.9  2289.7  4096.7  5B49.3 1522
1939-60 463,01  2466,9 49849  7620.8 1343
1960-51 3291 2028.4  4728.2  3499.2 2132
1961-62 3609.2  1297.2  7100.9 73836 1851
1962-43 SA39.1  3696.4  4505.0  7101.4 169
1963-54 71853 §272.5  Be70,9  9452.0 2021
1964-63 9365.8  6220.8  9917.3 11470.8 2182
1963-65 3700.4 33881 77224 7259.6 2033
1966-67 6718.9  3708.6  9380.4 83729 47
1967-68 M6 42215 9141.3  8200.0 - 4090
1968-49 81319  4129.6  9460.0  B8088.3 36
1969-70 3636 W4T 9392,0  4888.0 4443

1970-71 3918.6  3367.9 11548.6  B8424.8 3940 bé
1971-712 6760.7  3956.8 10461.3  5040.9 4037 30
197273 b306.4  3960.1 10939.8  4710.0 6336 710

1973-74 13909.1  B708.2 15632.7 10903.5 7319 2702 3333 83,2

1974-75  31172.9  1495%,2  16644.0 11779.4 8387 14328 6381 3446

1973-76  34997.3  16470.7 31510.4  27285.0 6639 28444 8288 3.4 108.4
1976-17 R472.4  23468.6  3478B.6  43793.5 6120 17433 88s2  290.0 833, 0
1977-78 J9463.2 273327 50629.9  S51%6.4 249 20112 13620 372,86 1312.2
1978-79  66232.9 24252,2 498137 546430 8287 21491 13884 3548 135.0
1979-80 70248,1  35470,3  88349.7 104392.7 11184 31849 19345 383.4 3.0

SOURCEs See Text of Appendix B for description and source of data,

4 Extension includes conventional Extention expenditures,
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;allocation and not actual figures., Conversations with the Planning
'?Commission suggest that less than 50 percent of the allocated expen-’
:ditures were spent. (This is the period of the Bangladesh war.)~ -

2) f Cotton Cess = |

The second place from which funds for research are obtained are
»from a Cess or levy on. agricultural exports. For the most part Cess
ifunds have already been included in the research expenditures by |
?Provincial and Central Governments and’ by PARC. However, the cotton
gCess administered by *ne Pakistan Central Cotton Committee (pccc) in
.Karachi is not inLLUdEd and the figures are found in Table 8-4. These

'expenditures uave been obtained from the PCCC in Karachi.

M mec

o The PARC budget is shown in Table 8-4. Its source is Annexure-a

3XIII Review of Agricultural Research System in Pakistan, A. Wahid

PARC, 1982. The expenditures in Annexure-XIII are allocation figures '

land not- actuals. ‘Based on the difference between the actual and’
lrevised figures for 1980-81 and 1981-82 obtained from PARC (the only
available actuals), the expenditures in Annexure-XIII are corrected
using this information. Thus the PARC figures in Table 8-3 includef.
7JZ of non-development plus 50% of development plus 504 of Cess fundrf
:expenditure figures as shown in Annexure-XIII. |
f;ffffé)f Donor Agencies

The expenditures under the title USAID/FORD/PL-480 are from two;“

sources. First, the USAID expenditures were obtained from the USAID}f]

Mission to Pakistan, Islamabad and includes expenditures under

R
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}The FORD and PL-480 expenditures are 50

f:pércépt;,iﬁ he figures' found: in.Annexure-XIII cited above.

:?Australians'for work on the Pirsabak research station in N. W F P ~is.tj_

i*also 'included in Table B-4:""‘f These"‘igures were obtained from‘T. _

TfBlythe, AustralianvAid Australial Embassy' 'slamabad.
| The final yearly research expenditures;(R) in thousands of

f1959-60 RS, as shown

‘fbrS;as follows.a Provincial and Federal government salaries are

xdeflated by the agricultural wages deflatorv(D2) and the Capital .n;UJ
'(contingencies) are deflated by the capital goods import index (Dl).
(See this Appendix for details on the deflators.) Seventy percent of
the Cotton Cess expenditures are deflated by D2 and 30 percent by Dl.
iOnly 70 percent of the Cotton Cess expenditures from 1969 70 to |
1979 80 are considered as crop research expenditures. The other 30
fpercent is spent on technical research in the processing area and on

marketing and economic research. This type of research has been

carried out by the PCCC since. its inception however, the technicah‘;f
:research has become more pronounced since 1969 =70.
Seventy percent of PARC expenditures are deflated by D2 and 30 '

percent by Dl.f 0f the total PARC expenditure, 90 percent is con-

vsidered crop research expenditure. The USAID/FORD/PL-480 expenditures

aare deflated by Dl and 80 percent of the total expenditure is consi—*

dered for crop research purposes. The Pirsabak expenditures for ser-

vices and equipment are both deflated by Dl with 50 percent of the

he expenditures for expert services and equipment donated by the _




; jTihiéyh-S;L'Resaarch and Extension Expenditures By Source In Thousands gffl959-60 Rs.

Provincial and Federal Expanditures :
S -====  [otton - USAID/FORD  Pirsabak
"fangf Research cxtension 4 CESs PARC  PL-480

Services Eaulp,

Salaries Capital Salaries Capital

{ 000's 193950 Ry, )
1948-49 1633.9  1070.9  1%84,3 01310  1037.4
1949-50 1748,3  1296.9  1835.9  343.5  1074.2
195031 19246 986.4  2009.2  30%8.5  1090.3
1931-82 1983.9  1037.1  2042.7  2298,7  1043.9
1932-53 1617, 982.1  2330.8 2287.4 973,
1933-34 1789.9  687.6  429.0 22%.8  937.0
1934-58 1913.9  92%.6 32,9 2A19.3 99,7
1935-36 253.9  1028.4  4269.0 18,7 LY
1936-57 2.9 16,3 /0.7 3287 918.4
1957-38 26,7 2353 ATT.1 ABITT 103,46
1938-39 39704 2020.4  6MAA,7  5183.2  1408.9
1939-40 4162,0  2466.9  6984.9  7620.8  1343.0
1960-51 30358 1897.8  4817.4  JMh0.4 20395
1961-42 A731.6  1020.6  4022.8  5785.7  1498.5
1962-63 M.l 29431 §316.2 8378 13127
1963-54 3374.3  4080.9  4485,3  7315.8 13484
1964-53 6316,2 33444 6733,7 10026,5  1758.1
1963-66 J95.0  2967.7 48025 40046  13%8.4
1966-67 3919.7 301801 5332.8  4B07.2  1809.9
1967-68 4078.9  3287.8 47961  4386.3  2873.3
1968-49 3939.9  3398.8 45933 4857.0  3214.9
1969-70 16248 2133.4  4198.5  434B.4  TT.9

1970-11 01,7 3622,3  A764,3  87%6.1 2301.3 Y

1971-72 2873.%  I38L.9 40%8.4  4542,9  2098.4 366,2

1972-13 216,7  1440,0  3045,3  2040,0  1801,7 206,3

1973-14 3208.8 13847 3183.0 19843 942.7 4369 488,85 58

1978-73 9446,0  2868.1 29078 19921 10242 22332 @e33 Mg
197%-7% 39390.9  3126,6 48337 51756  1083.5 4388.1  12%8.4 2.9 10,3
1976-17 405.1  4044,3  S246.4  7330.6  710.9 26037 12223 250 7.9
1977-18 70845 4320,2  6466.9  BASA7  SMA4 28BL.8 17097 29,2 102,9
1978-19 7639.1  S1e8.6  3B9S.8  8248.5 8147 2729.8  1917.5  4L.9 . 10,2,
1979-80 77043 SIA7,3 9489.6 1SA39.4  1032,8 38349 2458 278

b7

‘SUURCE§'B|| Text of Aﬁpondix B for description and source of data,

% Extension includes conventional Extention sxpenditures,
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,ﬂtofél‘ékﬁénditﬁ '”d'toybe:“esearch oriented"f

Bhe ‘final yearly. research expenditures E1 ‘an E2%in.thousandsfof‘*

‘2;1959-60 Rs.

f}B-S.' Salaries and capital‘expenditures forxboth El and E2 are o

f;deflated by D2 and D1 respectively. (The salaries and capital expen-
ditures shown in Tables B-4 and B-S‘are total expenditures associated
'fwith El ) Of the total expenditures from the remaining source of
;yfunds for extension in Tables B-4 and B-S 10 percent of PARC 20 per-
cent of USAID/FORD/PL—480 and 50 percent of all Pirsabak expenditures
b?are considered extension. These expenditures have been deflated in 1
blthe same manner as the research expenditures.

S From Table B-3 come the research and extension stock variables

igiven in Table B-l which are constructed as follows.

3) Exzt 2s2t_1,
=0 o

ﬁ: -

Tho combined research and extension stock'variables are given by.

l) RSEXlt = RSlt + EXlt (includes'c ‘ventiona ;extension)

2) RSEXZt = RSlt + Ex2t (excludes conventional extension)
The construction of the stock variables assumes a one-horse shay

depreciation pattern of scientific knowledge generated by the human

as shown n’'Ta ”e’B-4care’construcLed rom Tables B-4 andW
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’research”and extension stock variables over time closely track the

"3productivity indexes and are so highly correlated 3

With respect to the physical capital'stock it may be reasonable‘
;‘to assume a lo or 11 year average life span. Although buildings pro-‘

_dduce services for longer periods, they do require maintenance, however

'equipment and vehicles;used in the rese:rch and extension system‘

vtrarely get ‘to’ be:lOvyearsgold before they are”scrapped.

vined research andfextension~figures used for the distri-‘

ﬁbuted lag variables are;given byﬂ

*~Q(incl‘des conventional Extension)f*

fé)ffiREél = R +‘E2 (excludes conrentional Extension)fi

fResearch and Extension Expenditure Deflators

Two deflators were used to change'current year research and7¥

,extension expenditures into 1959 60 constant Rs. The first is a capi-

ltal goods imports deflator (Dl) and the second is an index of the

iwages in agriculture (DZ). The Consum riPrice Index (CPI) was not

::used“because it was felt that it did not represent the inflation rates

~within the research and extension system for the latter years.],The
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}fébiéﬁﬁ;@;: Q;E;féﬁfihd Extension Expenditure Deflators.
 ‘Capital Goods Wagaes In ~ Consumer
- . Imports Agricul ture Price Index

(DY) ~ (D2) . (cPI)

 toseso = 10

1948-49 80,3
1949-50 . L 77,4
1950-51 L 76.4
1951 -52 . 79.8
1952-53 85.4
1953-54 88.9
1954-55 8%.9
1955-55 85.2
1956-57 90.7
1957-58 98.4
1958-59 T T Sy 94,4
1959-50 100.0° . 100.0 100.0
1960-61 106.9 | 102. 4 101.8
1961-62 127.1 117.9 104,46
1962-63 132,3 . 122.% 103.2
1963-64 129,2 133.7 106.9
1964~55 116.4 144.8 112.9
1965-64 120.9 160.8 118.6
1966~67 123.0 175.9 129.1
1967-68 128.4 190.6 - 132.0
1548-49 121.5 206, 4 134,0
1969=70 108.% 223.7 140.0
1970-71 98,5 242. 4 147.1
1971-72 111.4 262.7 155.7
1972-73 275.0 284.% 170.0
1973-74 549, 5 49%.8 221.7
1974-75 59,3 572.4 281.4
1975-74 526.8 649.2 313.2
1976=77 $80.0 663. 1 341.8
1977-78 637.3 782.9 344.4
1978-79 662.7 844.9 - 393.8
1979-80 689, 1% 911.8% 433.6
1980-81 714, 6% 983, 9% 493.3

SOURCE: See Text of Appendix B for description
and source of Deflators.

%X Estimate
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60 to 1978-79.

QThey aref"nlyVavail”ble for the years 1959

.*that of the CPI.

Up to July 3lst, 1955 ;‘:

August lst, 1955 to May 11th 1972 1 US $

’1972 to February 15th, 1973, 1. us §= Rs 11.00. Frou Fe ruary 16th

'1973 to January, 1982, 1 US $ = Rs 9 90 (Pakistan‘Economic Survey;

1981-82, p. 186)..

"An index of agricultural wages D2“was used to deflate salaries ;\

;and employee allowances whic nclude.a:housinghand travel’allowance;:
fThe CPI was not used becauselit would not reflect the upward spirals‘

'in research salaries in the latter years. Conversations with Research
hStation Directors alluded to the fact that .although yearly budgets o
,increased more and more of the total increase went to salaries and

Lnot for capital purchases. This presented a concerted effort on the

‘part of the research system to attract and keep trained personnel.'

The CPI index is included -in Table B—6 as a comparison. The 1&”

21948-49 to. 1970-71 figures are ‘the general consumer's price index for :

Qindustrial workers in Karachi (25 years ‘of Pakistan Statistics,,'ty

'iaThe 1970 71 to 1980 81 CPI are the general consumer s price

e

;indexkfor all groups in Pakistan (Pakistan Basic Facts.fp. 123).3



’*"AP?ENDIX c
Estimation of the Wheat and Maize Yield Advantage
m and the Shift Parameter
/The index number approach using the horizontal supply.shift:methed.

requires knowledge of what the production of a certain commodity would

,‘ﬁbave been given that producers did not have access to the innovation

" under study. The most popular way of specifying the shift from So to
_ Sl in Figure 3 1, Chapter 3 follows that of the Ayer-Schuh and Akino—

Hayami models as indicated bel°"'f]1;;%?j

f' the percentage decrease in productio that would have

o resulted if producers used the old unimproved varieties,~:

‘che .average yield of the unimproved,varieties that would be

':grown in the absence of new improved?_arieties (the base
!xyield),_

Vv'?the yield of an improved variety i that is sown in years‘:fﬂ

3;_3the proportion of total land sown that is sown to: variety
1 in year t;

fnf}}hé]the number of improved varieties sown in year t,’and

;f?fiussthe inverse of the yield advantage of improved variety i..v_

3A problem arises in obtaining an accurate measure of the yield |

, advantage Yi/Y. In some studies, Y; and Y are arrived at.through'the_

fﬂt;
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f, se’ of experimental station"yield trial data since this is-a’ readily

}favailable and most often the only reliable source. It is” also the._

' ly source of data that can show the relative: yieldsgbyxvariety overv
; \he'history of the crop development research.

One of the arguments against using experimental yiel' tria ’data ’

iiis that superior management practices and techniques are - edaandaﬁi~
?rtherefore the results may not’ reflect the on-farm situation*t
'"argument is summed up by Hertford Ardila, Rocha and Trujillo (1977
ipage 87)
'.....estimates based only on comparisons of yields obtained
on plots seeded to new varieties and others seeded to unim-
Proved varieties would be biased upward because of the strong,
;. :positive interactions of the new varieties witk such inputs

"fas fertilizers and water."

o The argument by Hertford et al is that the yield advantage esti-
‘;mate;would be biased upward‘becauPe the estimate may also include the
vcontribution made by inputs such as fertilizers and water. To account
5for this problem, they estimated the yield advantages of new varieties
;in Columoia by estimating production functions of - yield ‘as a’ function
iof new varieties and other inputs.‘ For example, using data from comi
pmercial rice trial plots, they estimated yield as a function of 20
“variables which included size of plot, seeding rate, seven. seed vari-.
;ety variables, two time variables and four variables to differentiate
.locations.a In comparing k obtained using the formula as presented in

‘equation (1) and the k obtained from the regression results for rice,

the former was an average twice that of the latter.l/,
1/For an alternate procedure for estimating k, see G. M. Scobie and
Rafael Posada T. (1977). A T s e T SRR
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.~ .The use”of" experimental yield trial data does not provide a good

3?estimate of the shift parameter k in less developed countries»(LDC's)

.;b cause of the previous arguments.- However, in the case of*some crops

jfin developed countries (DC's) experimental yield trial"ata ma offer ‘

fa good estimate of the yield advantage -and shift parameter Ko
«ffor example, the case of rapeseed breeding in Canada (Nagy anu Furtan,
f1978) Rapeseed is a specialized crop grown by above average farmers
1who in general apply optimal amounts of fertilizers and other inputs.
'Furthermore_the old base yield varieties are similar in response to
inputs like fertilizer.

The rapeseed experimental yield data gives a close’estimate of a
;change in yield solely due to varietal improvement because the exper-
iimental yleld data for each new variety is averaged over several repe-
‘titions at many geographical locations within the crop growing area
,and over several years under profit maximizing input use (not output
'maximizing) and management.‘ The base yield varieties were included in
vthe yearly experiments, thus the yield of the base varieties Y are:f
}compared with the yields of new varieties Yi under modern cultural
;practices. Also, due to the method of calculating k, the experimental'
lyield varietal difference is transmitted as a percentage and not in
iabsolute terms For example, if experimental yield trial data indica-
}tes that a new variety exhibits 'a four bushel per acre increase over
»the base yield Y of 40bushels per acre, then k = 9 09%.1 If the :
on-farm yield was 35 bushels per acre, then the pre-innovation yield
’would be (35 - ( 0909 x 35) = 31 82 bushels per acre and not-’(35 - 4)[

‘- 31 if the absolute value were used.“ It is also the opinion of the



rapeseed breeders that the relative yleld incresses

‘ftices are of good standards. Thus for crops grown

frapeseed experimental yield trial data may give good estimates of

the yleld advantage of new varieties.

The Use of On-Farm Yield Constraints Data in Estimating the Yield
Advantage , R

The estimation,dffﬁhe”yielﬁlﬁglﬁ ge u

Jmost LDC countries. A new source of data may exist for the estimation

'source of data is from the "On-Farm Yield Constraints Studies" that

are now being conducted in several LDC's.

;' The main focus of the On—Farm Yield Constraint studies are to mea-{

sure the on—farm yield gap between existing recommendeﬂupractices and
'existing farm practices. " The analysis shows the contribution to out-
put of individual test factors that make up the gap between existing
farm practices and recomeended practices.v Factors such as the level
of fertilizer use, weeding, planting time period and planting depth
:have been analyzed (deDatta, et al).

E Several on-farm yield constraint trials have also included variety
as‘one of the test factors. Furthermore, gome of the trials have used
pre-HYV's versus post-HYV's as the test factors. The information :
‘gained from such trials can be used in determining the yield advantage

of HYV's.; Table C-l and Table C-2 show the results of wheat yield

rom:experimental .

\fz ‘

‘ l"'
'I An]
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ﬁTable C-l Wheat Yield Constraint Trial'Data’on_”
et “Rainfed Land, Pakistan, =/ % 7"

Treatments i

1. viem
2w
'@3;‘3V1F1W5
4. VIFSHS

5. VSFIWL

‘6. VSFSWL L0’
7. vsEs 12837
‘8.  V5F5W5 15507

Six locations, three replications (Punjab and NWFP locations)

: V1l = Farmers Variety (C-591)_§
;JFl = Farmers Fertilizer (50N and 26P lbs/acre)

W

Farmers Weeding (no practice)
: V5 = Recommended Variety (Lyallpur - 73)

Recommended Fertilizer (101N and 75P lbs/ 5%

kES

WS,F Recommended Weeding Practice (two weedings)

;gourceﬁ M. Manzoor Ali, On-Farm Yield Constraints Research

A In Pakistan; Pakistan Agricultural Research Council,
Islamabad.
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;Table C=-2.:Wheat Yield Constraint'Trial“ih‘ ‘on’:
ORNIY LE Irrigated Land Pakista '

1. 0 VIFIWL
2. v
f'3;° VLFINS
4. viFsWs
*"3§;i,V$Fiﬁii
vij6;tgvsrawi
;f;j,g\vsFlws
e VSF5US

~ four replications (Sind locations).“
V1 = Farmers Variety (mainly C-591 and other tall varieties)
F1 = Farmers Fertilizer (50N and 20P lbs/acre)

'_1W1«= Farmers Weeding (no practice)

f1V5 Recommended Variety (ZA-77)
L F5 = Recommended Fertilizer (120N and 60P lbs/acre)

Q_WS = Recommended Weeding Practice (one hand weeding)

7;fsource:7, Natali, A, H., Annual Progress Report, 1980-81, Wheat
B Section, Agricultural Research Institute, Tandojam,
Pakistan.



Tabl.c- ll‘lhu‘iiidc'l-c\dvmngu from vAriq:alf "iuprbé‘cmn: Research,

L . : Unirrigacad Irrigaced '
o lnpue Co Yield Yield Yield Yield
- Category Treatments Index Advantage Index Advantage

1 wmm 100.0 ©100.0
o WSRML . 11601 S T 1.333

128.2 : 1.154 ~108.9

B8 T
S 148.( o L166,3 o 1309

1071

50 S R oo

VPSS . 13645
o VSESWS ¢ .. 158,7

‘vk‘;"Sou;;c‘a: - Tables 1 and 2.

'J.‘rncmn: V:I.FSHS under 1:rigand condicions vou.l.d appear to bo lwcr
“than- expected chul biuing :hn yield: advnn:nge of input cacegory IV A'
upvard. j



V‘constraint trials in Pakistan on Barani (rainfed) and irrigated land

f:respectively.: Three test factors are involved in the trials.‘

fil) farmers variety (tall variety) versus recommended HYV variety,

V?Z) farmer fertilizer application rate’ versus recommended rates, and'
.h3) farmers weeding practice versus recommended.. All other inputs are
fiheld constant at a level of good farm practices and input use. The
ftrials were conducted on farmers fields. ‘ |

| - The information contained in Tables C-1 and C-2 can be‘used in"
:calculating the wheat yield advantage of HYV's in Pakistan., By
rearranging th treatments as 1s done in Table C-3, the contribution to
;yield ‘from the use of HYV's under four different input levels can be
'iestablished. For example, category I in Table C-3 holds constant the
two test factors of fertilizer and weeding at the farmers input levels
of F1 and Wl while allowing the variety test factor to chzuge from the
farmers variety V1 to the recommended HYV V5. The yield advantage of
using the HYV holding the other test factors at FlWl can then be
vcalculated and is 16.1 percent or 1,161 and 55 3 percent or 1 553 for,
“unirrigated and irrigated,land respectively.

As noted in Table C-3, information of the yield advantage by
jvariety is not available and therefore equation (1) must be modified.
To calculate the yleld advantage of wheat, the old tall variety C—59l
and the two HYV's LYP-73 and ZA-77 will become proxies for the base
yield (Y) and all HYV's (Y1) in equation (1) respectively. The C-591 i
variety was one of the most popular pre-semi~dwarf varieties grown in‘
3Pakistan and its average yield and characteristics are very similar to

other tall varieties. The average yield and characteristics O£“L¥2f73
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.?55”135;77¢9n average are ‘algo very similar to other semi-dwarf:varie-

,‘verall yield advantage-figure would be obtained by‘we ghting the';ff

,fyield advantage of each of the four input categories in Table C—3 by

';:the proportion of land sown to HYV's in each category. However, in

vjthe case of Pakistan, accurate figures of the land sown to each input

,fcategory of Table C—3 are not available. When equally weighted,;the -

yjyield advantage would be 1 164 and 1 517 for unirrigated and irrigated

filand respectively. However, in Pakistan, most of the totalk roduction

}ffrom the area sown to HYV's of wheat would come’ fro{ input :a“?

',I and III. Equal weighting of categories I and III would give a. yield

Jladvantage estimate of 1.180 and 1 455 for unirrigated and irrigated

and respectively.

#;The yield advantage for irrigated and unirrigated landfcan thelfb‘l

7ﬁweighted by the area of unirrigated land sown to HYV's and ‘the are

nfirrigated land sown to HYV 8 to produce the overall yield a

rrdue;to the varietal improvement of wheat. About 10 percent -of “all

11971 suggested a 1 46 figure for semi-dwarf wheat varieties "
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' (Dalyrymple, 1977). ‘A yield advantage figure of 1.40 will be dsed in .

.;the study.

A comparison of the wheat ‘yleld" advantage using-the On-Farm"ield

,'Constraints data;can,be made with the Yield advantage calcul ederom

;Qexperimental yield tria1 data from Pakistan. The averagepexperimen:al

,*research station yiel 'in kg/acre of the dominant pre-HYV wheat vari-"

eties of czza c217 'c591' c51a c271 and cz73 is 890 6.5 The average

»texperimental research tation yiel in kg/ha of the dominant HYV's of

'iMexiPak Ch-70 Blue Si1ver,‘_ Yecora and Pari-73 is 1697.2/

i;The simple calculation of theAvield advantage using experimentaJ .
lfresearch station data (1697;5 + 890 6) is 1 91 which is more than }'
Mftwice the yield advantage of the 1. 43 calculated using On-Farm Yield
"Constraints data;‘

Another check is to make sure that the 1. 40 yield advantage does

jnot c1aim 100% or more of the actual farm yield increase but leaves a

"port_on”of"he farm 1evel yield increase to: other inputs such as

‘fincreased fertilizer and_irrigation. A quick check is ‘to compare the

Vmost recent farm yields with farm yields in the period prior to the

ﬂadoption of HYV's.; The ratio of the five year average farm level

tyields of 1976 77 to 1980-81 and 1960-61 to 1964 65 is 14911kg/ha

kaza kg/ha =7;.81 (Pakistan Basic Facts, 198081, Table 4.5). The 181

hfigure 1eaves sufficient space for the contribution off'ther inputs

;Furthermore, the 1. 81 figure is biased downward because the,five ‘year

2/Experimenta1 yield trial data from Dr. M.- A. Baiwa. Director. Wheat
~ Research Institute, Faisalabad, ?akistan.‘}”

/4
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""“'o 1980-81 figureﬂ”

ﬁerarly averages that include ylelds from the 20% of ‘thé total area. .

};sown to tall varieties.i

fﬁA similar procedure can be. used to. calculaterthe.yield advantage

1;from crop development reserch for maize.r indicates_the. »f{

‘;yield advantage for maize in the Punjab and N W F P. which are the two

35major maize producing provinces in Pakistan. The source of maize data

4in Table C-4 does not allow a breakdown into more than twofcategories.'

However, the maize data is pooled over seveal years and over more

‘locations than for wheat.

ry- e

In theﬂestimation Oi:the overall Pakistan maize supply shifter,

’1 lb and a weighted 1. lb +.1.24 = 1 22 yield advantage is used 3/ For

:the estimation ofﬂthe'provincial maize yield advantage figures, 1 16

A use“tfor‘ihe MWL FuBs and both a.1.16 and a 1.24 figure 1segrz,

}alternatively for the Punjab. Unfortunately, no other source of maize

fcultural practices.,: In checkin thelfarm level yields as was done

wheat for the same five year averages, the ratio if 1244 kg/ha ¥

f1027fkg/ha = 1 22 (Pakistan Basic Facts,‘1980-81 Table 4e 5).. The -
fl ZZ‘figure 1s similar to the overall Pakistan maize yield advantage
:of 1 22. However, the 1.22 farm level yield ratio is substantially
l37fh;-weighted yleld advantage figure of 1 22 1is obtained by weighting

_the 1.16 and 1.24 YA figures by the percentage HYV hectares sown to -
.w F.P. and the Punjap respective as give in Table C-12. ‘ L
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_Table C~4-'Maize Yield Advantages ffom'Variecal'Improveqe§c  €

Punjab . NWE®

o Tmpue o 1  Yie1d% vield Yieldd . vierd -
.- 'Category '  Treatments=' ' Index Advantage . Index ' Advantage
100.0 1100.0 S
L 1,237 1187
123.7 5.7
135.2 135.5
1.236 1.190
167.2 161.3

'Sbuicc: Progress Report Cooperative Research Program, Maize, Millets and
i Sorghum, 1975-1981. Pakistan Agricultural Research Council,

Islamabad, 198l and The Tenth Inter-Asian Corn Improvement uorkshog,

Agricultyral Research Council, Islamabad, 1975.

-1/ V1 = Unimprcved Farmers Variety
V5 = Recommended Varieties for each Province
Pl = Farmers Practices
P5 = Recommended Practices (line sowing, appropriate plant pupulation,
66N and 33P kg/ha and plant protsrction ingecticide).

2/ Two years of data, 84 locations in first year and 6 locations in
i second year.

-3/ Four years of data; 458 locations in first year, 326 locations in second
* . year, 285 locations in the third year, locations not availabla:for. fourth’
year. '
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7biased downward because the '1976-77to1980~81 Pakistan overall yearly
:average yield data includes yields from the:50% of ‘those. hectares sown
‘::to lower yielding non-HYV maize.:ﬁ

,7}Estimation of the Shift Parameter

E"The Shift Parameter for Wheat -

The shift parameter k for wheat is found yearly ‘using the

»';following forumla.
1

k=l TG = V) .1 (@)
AR g vAa-1 AR

- where:.
:Kr  {='the percentage decrease in production:that would'have:’’
%ﬁ@umaﬁwma&mugameﬂm&nwm&qak&@j
in year &
?Pﬁ¥v ;= the proportion of land sown to:HYV's ‘in year.t; and -

;T§f§5’= the yield advantage of the crop in. question as’ “described”

Ln th previous section.

* An- estimation of the shift parameter for Pakistan HYV wheat 18 -

Qig ven%in'Table C—5. The estimates are: derived using equation (2) with

ia yieldiadvantage (YA) figure of 1. 40 and the proportion of 1and:,ib

{(“HYTT) sown to HYV varities (category III) in Table C-6., The figures

sind Table"C-6 are derived from Tables C-7 through C-9.

Table C—5 also includes an HYV wheat Production Index (PI) and is

;defined b:uequation (3)

FL= (mk)

a2

'\‘él *
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Table C-5, Wheat Supply Parasster k and HYV Production Index, - -

Supply Farasater &  Production Indee

Yoar
Category’ Category  Pakistan Catagory  Category  Pakistan
! $ s ! L
I v Total B 4 v Total
1984-43 028 ST 1029 -100,0 102.9
1965-44 077 o 108,9 100.0 108,93
1984-67 2 - co 13,8 100.0 113.8
1947-48 38 28880 11640 100.0 116.0
1968-49 JES - S 1 119.4 100.0 119:6
1969-70 472 - T2 120.8 100.0 120.8
1970-71 478 RNt ¢ 121.3 100.0 121.3
1971-72 «163 - 183 12,4 100.0 122,4
1972-73 +188 - .186 122,4 100.0 1224
1973-14 J87 - 187 122,8 100.0 122.8
1974-75 197 «006 203 124,8 100.8 125.6
1978-74 184 . 025 209 123.2 103.2 126,4
1977-70 182 04 228 123.4 106.0 129,46
1978-79 JdH 092 233 118.4 112,0 1304
1979-80 103 439 2 114,0 118.4 324

1980-81 088 182 250 9.0 13 159

SOURCEs Sew Text in Appandix C

$ Catagory II1 1 Sesi-dwarf (Pakistan/CTSMYT) HYV Varieiies.
Gategory 1V ; HYV Varisty Introductions ¢roa other countriss,



Téble' C-6 Parcent Area Sown To'Wheat HYV's, Pakistan '

__Parcent Area Sown To HYV’s. i

L Yeae T ; —. S
lategory  Categery = Pakistan
E x o x0T neeseal

S v Total

7
20.7
34,6
40,0
48,9
52.0
L 53.4
= - 56,0
- 357.0
S7.0
(o) 64.0
0 66.0
0 72.0
.0 74,0
0
0
7

N
-
'

6000000000 HOGOR N
[

1964-465
196T-466
- 1966=67
1967-48
1968-69
1969=70
1970=71
1971=72
1972-73
1973=-74
1974=75
1973=76
197677
1977-78
1978-79
1979-80
1980-61

MO HO

OODONNNCWUN

75.0
81.0
83.3

NAPRCBOCUAAAU D DUWN
N(Ao O

SOURCE: See Text in Appendix C

¥ Catagory III 1 Semi-dwarf (Pakistan/CIMMYT)
Category IV 3 HYV Variety Introductions

¥R
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Table C-7, Percent Area Sown To Tall and HYP Iﬁut) Purab.

Tall Variaties

HYV Varieties

Year
Category  Category  Category  Category  Pakistan
T 11 113 v Total
~(Percent) ..
1955-36 100 -
1936-57 50 10
1957-58 88 18
- 1958-59 80 Y B
1959-50 n A
1960-61 78 2
1961-62 n .
1962-63 75 RiE
1963-64 78 R
1964-45 & B 1 1
1963-66 30 2
1966-67 38 19
1947-48 I 18 %
1948-49 32 U
1949-70 b1 16
1970-74 i 16
1971-72 28 B
1972-73 28 e
197374 27 LR
1374-75 i 12-
1975-76 3 10
1976-77 18 B
1977-78 14 9
1978-79 310
1979-80 10 7
19%0-81 10 7

SOURCEs 1968-49 to 1980-B1 Pakistan Total data fros Agricultural
Statistics of Pakistan, NFAC, Islamabad, All other data
froa Dr. N.1. Hashai and Mr, 8, Masood. NARC, Islamabad.
Unpublished data collacted by 7.6, Nagy.

Catagory

Iy Pre Independence (1947-48) Varieties.

Category I1; Post Independence - Pre Sesi-dwarf Varisties.
Category I11; Semi-dwarf (Pakistan/CINMYT) HYV Varisties.
Categary IV} HYV Variety Introductions #ros other countriss.

L2 "‘;_‘\

X gyt
X
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Table C-8, Percent Arsa Sown To Tall and HYY Wheat, SIND

: Tall Varieties HYY Varisties
Your
Category  Category  Category  Category  Pakistan
! I 111 Iy Total:
+ (Percent)
1933-36 100
1935-57 90
1957-58 80
1938-39 70
1939-50 50
1960-51 30
1961-62 40
1962-43 30
1963-54 30
196453 h{
1965-44 30
1965-67 30
1967-48 0
1968-59 2
1969-70 a
1970-71 r
1971-72 2
1972-73 A
1973-74 Q
1974-75 14
197574 i
1976=17 3
1977-78 13
-1978-79 13
1979-80 12
1980-81 i1

SOURCEs 1972-73 to $980-81 Pakistan Total data from Agricultural
Statistics of Pakistan, WFAC,Islasabad. All other data
fros Mr. AH. Natali, Wheat Botanist, ARI, Tandojan, Sind
Unpublished data collectad by T.6. Nagy.

Catagory 1y Pre Independen:: (1947-48) Variaties,

Category 11y Post Independence - Pre Sesi-dwart Varieties.
Category 111y Semi-dwaré (Pakistan/CINMYT) HYV Varieties.
Category Iy HYV Varisty Introductions from other countries,
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Table C-9, Percent Area Sown To Tall and HYV Wheat, NWFP,

Tall Varisties HYV Varfetins

Yar
Category Category DIRK  Category Category Pakistan

1 Il Il v Total

1995-% 100 -
1957 %0 g0
199758 80 29
19%-5% 40 4
199960 40 40
1940-b1 0w o3
19%1-62 40 2
196263 40 10
1963-64 40 g9
19465 40 10
195-66 40 10
1%6-67 40 10
967-68 30 10
19669 30 10
199-0 2% 19
1970-71 20 10

1971-72 20 s

1972-73 20 5

9734 20 b

197473 20 b A9
1975-74 20 " R
1976-77 20 b
1977-78 13 8 82
1978-79 13 L i
1979-80 15 b S ETT
198081 13 3 15 218wy

SOURCE: 1972-73 to 1980-81 Pakistan Total data froa Agricultural
Statistics of Pakistan, NFAC, Islanabad, All other data
trom Mr, Xhan, Wheat Researcher, NARC. Unpublished data
collacted by T.6. Nagy.

Catagory Iy Pre Independence (1947-48) Varisties.

Categary 1I; Past Independence - Pre Seai-dwarf Varieties,
Category 1I1) Sesi-dwaré (Pakistan/CINMYT) HYY Varieties.
Category IV} HYV Variety Introductions from other countries,
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y]vheregﬁ

{?I”zsth Lindexﬂof the percentag:;increase"n;production due to the

‘ Index is a k specified as a rightward shift and transformediint ‘an’ :
index, 1963-64 = 100.

The use of category TIX HYV sown 1and in equationf(2) results,from

1ithe following discussion.f The wheat varieties grown n akis n:

dfbe divided into four distinct groups in the Punjab and Sind and five'

groups in the N.W. F.P.‘ The varietal groups are as follows,
Category I: Pre-independence (1947-48) varieties,

Category II: Post-Independence, pro-gsemi~dwarft varieties,

Category III.fySemi-dwarf (Pakistan/CIMMYT) HYV varietiesu

Category IV(";fHYV variety introduction from other countries,'andfs

;vCategory V-,,‘nDif V

The varieties in groups I II and V are tall varieties‘mw;%yaw;v ;!

‘ unresponsive to fertilizer.‘ The varieties in groups III and IV ar‘»ﬂ‘i

: semi-dwarf varieties and are responsive to fert 1izer with two to
Ithree times the yield potential. The HYV's have their origin at
‘CIMMYT in Mexico. Germplasm i1s developed at CIMMYT and sent to

Pakistan and ot.ier countries where some selective breeding is done

hefore the varieties are released.. The objective in this study,/asij“'

-

AN
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b
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Yz
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;explained iEJChapter 1 is to only includeﬁthose varieties in the“ana-V:

; | the Pakistani Research Sys_y L

Ethe total percentage of HYV acreage is. split into'categories III and
:,I‘vf:'i

The total percentage of - HYV acreage‘in Pakistan (except for

;wearlier years) is obtained from vario s issues of The Agricultural

_ Statistics of Pakistan. The splitting of varieties into Groups I

"'through v are estimates of research scientists and their colleagues
.lwho have experience and a historical perspective of Pakistan s wheat

industry. The method of estimating the percentage of hectare_lin

ffeach varietal group 1s admittedly crude; however, with the aid,of the

“‘published data, the research scientists’ experience and common logic,

.the figures should portray a reasonable sketch of what has taken

,place. A separate table for the Baluchistan varietal, rouplngvis not'

L”available. The total Baluchistan HYV acreage is used as'category

‘ III'£! This should notlbias the overall Pakistan category III fig-'”

’gures up by very much on two accounts. First, a minimal'amountzof

.;category IV vari s are grown in Baluchistan, and secondly,

~'Baluchistan produces only 2 0 percent of all wheat in Pakistan./rr

‘Tabl» C—lO'presents a list of the varieties in each of the five "7

;;categories by province and the dates of their release or introduction

ff4/ The percent of HYV varieties in Baluchistan for the period 1972 73
“to 1980~81 are as follows: 10, 9, 15, 23, 18, 39, 39 and 42- per-
cent respectively (Agr. Statistics of Pakistan, 1981).»,jf%_"g

NEY

o



"Cs21;f,

ﬁfThe Shift Parameter for Maize

P.T

An estimate of the maize shift parameter for the Punjab N W:F;
éband all Pakistan (Punjab plus N W F P ) is given in Table.C-llf :
kjestimates are derived with yield advantage (YA) figures of'l‘ ’
°,1 24 for the Punjab and a 1 16 for N.W. F.P. For the all Pahistan fqﬁ
5iregion, a 1 16 and a: 1 16 + 1. 24 weighted by provincial HYV hectares
;Eare used as YA, The proportion of land sown to HYV maize varieties by
year (LHYvT) is‘given in Table C-12. Therebare no official estimates
of the hectares sown to maize HYV varieties. The estimates in Table

350-12 were formed from interviews with scientists and extension

»e»

f'people knowledgeable about maize, in particular Dr. M. Oasim Chatha,

ot

: National Coordinator, Maize, Sorghum and Millet, NARC, Islamabad.-

To be compatible with the Hayami and Herdt (1977) formulas used in

}fchapterk3.4 k is constructed as a rightward shift from the pre-

75innovation supply curve So to the post-innovation supply curve 81 in

QeFigure 3 3. The k values in Table C—ll are therefore the percentage

;{increase in production that did result from the adoption of HYV maize.

fyThe construction of k is therefore YA x LHYVT. One could then
f‘construct a maize HYV production index as was done for wheat by

ifmultiplying bY 100.k

'sTable C-13 presents the names of the HYV varieties releared and
;grown in the Punjab and N.W.F.P, There is no introduction category
gjas there is for wheat because the varieties are all CIMMYT/Pakistan

'xvarieties,_“As:noted'in Table C-l3,‘maize is a very location specific.
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Table C-10 Pakistan Wheat Varieties by Category

Variety Categoriesl/

1 II

II1

1V

V.

Punjab and NWFP
Varieties

8a (1911)2/ Cc-271 (1955)

9D (1911) C-273 (1957)
P-11 (1913) ‘

A-H (1917)

C-518 (1933)

C-591 (1934)

C-228 (1941)

C-250 (1944)

C-217 (1944)

Others (Desi)

Sind Varieties

€-591 (1934) -~ H-68 (1955)
Others -

Mexi-pak (1965)
Khushal-69 (1969)
Barani~70 (1970)
Chenab-70 (1970)
Blue Silver (1971)
SA-42 (1972)
Pothowar (1973)
Tarnab-73 (1973)
Sandal (1973)
LYP-73 (1973)
Pari-73 (1973)
5A-75 (1975)

LU-26 (1976)
Punjab-76 (1976)
Indus-79 (1979) -
Balawalpur-79 (1979)
Punjab-81 (1981)
Pak-81 (1981)

Mex1i-Pak (1965)
Pak-70 (1974)
ZA 77 (1979)

Yecora (1974)
Nuri (1975)
Arz (1976)

nb 2009 (1978)
WL-711 (1978)
Sonalika (1978)
Pavon (1978)

Yecora (1974)1:;%

Pavon (1978)
Sonalika (1978)

Dirk (1958)

N

Sources: Dr. N. L. Hashmi, Mr. Shahid Masood and Mr. Khan, NARC Islamabad and Mr. A.

ARI, Tandajam.

1/ category I - Pre-Independence (1947-48) Varieties.

Category 11 ~ Post-Independence ~ Pre Semi-dwarf Varieties.

Category IIl - Semi-dwarf (Pakistan/CIMMYT) Varieties.
Category IV - HYV Variety introductions from other countries.

Category V - Dirk (Australian Tall Variety Introduction).

2/ Year released or introduced in Pakistan.

H: Natali,
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Table 'C-11" Maize Supply Shift Parameter k

. PunjaB — " .~ NWFP . ‘Pakistan - '
L . ’ 1.16 + 1.24

 Year. -

- 1967-68

'1968-69
1969-70
1970-71
11971-72
1972-73
1973-74.
1974-75
1975-76
1976-77
1977-78
1978-79
'1979-80
1980-81
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" Table C-12 .Proportion of Total Maize Hectares Sown to HYV's

Percentage: Hectares Sown to HYV's

- Year

Source:

Punjab NWFP Total
-------- (Percent) = = = = -« = = = -
.1967~68 5 -5 5
' 1968-69 7 6 .65
1969~70 9 6 A Y5
1970~71 “11 7 8.9,
< 1971-72 147 -9 11,3
1972-73 17 ‘10 13,17
1973-74 220 13 16,1
1974-75 225 ¢ 15 19.5
1975-76 30 19 24.3
1976-77 .35 21 27.6
1977-78 41 26 132.9.
1978-79 146 ¢ 29 37.3;
1979-80 53 35. 43.7 =
1980-81 60 40 49.7
No officisal estimates of the percentage hectares sown to

HYV maize exist. The above trend estimates were formed

from interviews with scientists and extension people
knowledgeable about maize production in Pakistan.



' Table C-13- HYV Maize Varistics Sown in Pakistan

R R '.@F5;391/*4?’**‘i Year SRR
“Provinee” ‘Variety=" "~ . = ' Released ~ Type -
~ Syn-551 - - Yellow .-
Neelum v 1970 . Yellow
Agaiti-72 - ' 1972 - Yellow
Akbar o 1973 Yellow.
Sardaf - 1975 White
'NWFP - Swabi (white) 1961 White
e Syn-66 ' 1966 White
Zia 1974 White
Sarhad (yellow). . 1974 Yellow
Shaheen 1974 White
Khyber 1974 White
Sarhad (white) 1976 White
Changez 1976 White

{goﬁfce: Qasim, M. C. and Rehman, H., "Maize Production and
SRR Research in Pakistan," Progressive Farming, PARC,
Islamabad, May-June 1981.

©1/ All varieties a- synthetics, while varieties are fairly'x"
province specific, there is some crossover between e
provinces.
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”crop and different varieties are released and adopted in each pro-=

, vince., A interesting thing to note is that none of the varieties are?f

‘ﬂhybrids., Although some research on hybrids is done, most research i‘ :
/ildone on synthetic varieties that unlike hybrids can be used by farmersi

Z?for seed. Because hybrid seed needs to be bought every year by far-\'{

' mers, anyyresearch thrust in, this area would have to be accompanied by

'a_seed multiplication, marketing and distribution system far beyond
j’the capabilities of the‘existing system. For this reason, research

» has‘mainly,been done on synthetics.
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Wheat and Maize Supply and Demand Elasticities

The calculation of the change in producer and consumer surplus

_qusing the formulas given in Chapter 3 require the specificauﬁ"i;‘~
»,commodity supply and demand elasticities.

The Supply Elasticities

The formulas for calculating producer and consumer surplus aspylhf7

3,.. =

given in Chapter 3 requires production response elasticities. However,‘

‘because of the difficulties of estimating production response elasti-
"cities, all the supply response work in Pakistan concentrates on
;acreage response. Acreage response elasticities are a good measure‘of
production response only when the yield response to price is small.
lThis is so because the production response price elasticity can: be
fdecomposed into an acreage response price elasticity and a yield res-‘

ponse price elasticity as outlined by the following.

Holding all other relevant supply response variables constant,
output (Q) is a function of area planted (A) and yleld (Y) as in,:qua-

”tion (1) (see Yotopoulos and Nugent, 1976, page 137).

[¢0R

~ﬂGiven'that both*the.area*planted and the yield obtained from th-n

'te areajare both functions of price, totally differentiating

uwith respect to. price results in equation (2)

49 .y A4 0¥ R @
N i
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fo dividing}equation (Z)Mby Q/P”ﬁthe response of output, acreage and

iyield to'price ca be expressed as..the total»outpu' elasticity aqp

ithe acreage elasticity aAp and‘the yield elasticity uyp.if

lP, - “AP + ayp

'As can beﬁfeen from equation (3), a zero or non-negative yield Tes=

;ponse price elasticity results in the acreage response pric‘

jcity as’ hﬂing the lower bound estimate of the total outputielasticity.
Table D-l includes the available wheat and maize acreage response

festimates for Pakistan and the Punjab.: The previous discussion sug-

Egests that if the yield response elasticity is minimal the acreage

:response elasticities are a; good approximation of the total output

;elasticity. However, when there exists the ability to substitute land
area for other inputs such as fertilizer, new seeds, irrigation and: '
labor, yield responses to price may be significant.

The yield responsiveness to own price may be empirically testedr]
Houck and Gallagher (1976) tested USA corn yield response equations .
finding the fertilizer corn price ratio to be significant over the
years 1951 to 1972; fertilizer being the dominant input that is sub-
stituted for land. Menz and Pardey (1983), using a similar analysis
oyer the 1972-80 period did not detect a significant fertilizer corn
price ratio.; |

Falcon (1964; sums up his feelings on yield response to price in
(West) Pakistan as follows:

"esssthere 1s likely to be little year-to-year change in rela-

tive ylelds in response to expected relative price changes between
food and cash crops, or even between two cash crops. In addition,
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;ﬁﬁére isllikely to be liftle relationship between changes in
ylelds and changes in the prices of agricultural outputs rela-
‘tive to the price of inputs. Severe capital rationing, the

‘fixed and limited nature of most resources, physical unavaila-

bility of many factors, and ignorance of better farming methods

militate against such responses. Major yleld changes are caused
more <ignificantly by climatic variations, waterlogging and

salinity, pests, etc.” 1/

Falcon's study detected a large acreage response to price for cot- .
ton, but a negligible yield response to price. However, a study on
Indian cotton by Krishna (1963) did find a yield response to;pride.

Falcon's study, however, is prior to the green revolution with 
the introduction of HYV's and associ. ced technological packages. The
question 18, were the new technologles adopted because of price expec-
tations or was the adoption independent of price and adopted when they
became physically available and understocod? The latter argument was
used by Behrman (1968, page 154) in analyzing his empirical results
that suggested a zero or low yield response to price for crops in
Thailand,

Following the model of Houck and Gallagher (1976), a Pakistan
wheat yield response équation was estimted to empirically test yleld
response to price. An equation was estimated with yield as a function
of the fertilizer/wheat price ratio, land, a weather variable and
various technology trend variables over the years 1965-66 to 1980-81.,

The results (not presented) indicated either a significant but (incor-

rect) positive sign on the fertilizer/wheat price r:tio or a (correct)

E/Although Falcon believed there to be little yield response to price
in Pakistan, he was not giving the structuralists' ammunition to say
that LDC farmers do not respond to economic incentives. Falcon
believed that, given the opportunity, farmers do respond to economic
incentives.
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. Period S

Crop and of _ Short-run o RN

Region Estimation = Elasticity Source:

1. Wheat _
Pakistan (both log and linear) 1957-58 to 199 -80 0.25 Ashiq (1981)
Pakistan 1944 to 1959 n.20 Falcon (1964)
Punjab (India-Pakistan) 1914 to 1943 0.08 Krishna (1963) - '+ -
Punjab (India) 1960-61 to 1969-70 0.08 Kaul & Sidhu (1971)7
Punjab (India) 1950 to 1967 0.10 Cummings (1975)
Pakistan 1949 to 1968 0.10 Cummings (1975)

2. Maize A
Pakistan (both log and linear) 1957-58 to 1979-80 ‘ 0.08 Ashiq (1981)
India-Pakistan 1914 to 1943 . s 0.23 Krishna (1963)
Punjab (India) 1960-61

to 1969-70

Kaul & Sidhu (1971) =

Source: Ashiq (1981).
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gfnegative . gn bu'fnon-significant coefficient on the fertilizer/wheat

‘:price rati .2

Disregarding the results with the positive sign on the fertilizer/

iwheat price ratio, the results suggest that the acreagewresponse elas-
?ticities could be used as approximations for the total output elasti-
vcity. This conclusion, however, is based on;a fairly naive model as
fwell as on questionable data. For instance, Pray (1978) suggests
;that'the official Pakistan wheat yield statistics (which were used in:_
lthe analysis) may be in error.

'v'Because of the lack of good hard evidence on the yield respon-V-v'
Esiweness to price for wheat and maize, which would require substantial
'work data and perhaps a better methodology than 1s presently avail-:
fable, the following will be used. A 0, 30 wheat elasticity will be
'useo in the analysis as the base supply elasticity. This is based‘onr
the 0.25 wheat acreage elasticity of Ashig (1981) which is used as the
lower bound estimate. Thus a 0.30 figure leaves some lattitude for
yield being responsive to price.

The maize supply elasticity of 0.08 by Ashig will be used'as~af

lower bound estimate for the total Pakistan estimate. A figure ofv
0.15 will be used as the base supply elasticity around which a range

of figures will be used in a sensitivity analysis.

2/To state that a positive sign on the fertilizer/wheat price ratio is
incorrect depends on the situation, A positive sign simply means a
negative effect of price on yield which can come about as described
by Barker (1966), indirectly through the acreage response. An in-
creased relative price of a commodity may lead to an increased area
being sown, but if some or all of the increased area is inferior to
the present sown area, the average yield may drop.
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- Supply elasticities for maize do not exist for each province sep

S

 arately. However, an approximation can be calculated. From the

 ddenty 4n equation (4):
“where Q 1s the total maizé pf§§q¢;1§nf;ﬁ‘Pékiéﬁéé}éﬁd'Qp;and Qy are

“the maize production in the Punjab and.NWFP respectively, equation.

‘(5) m5;§§§idérivédE2/ﬁf gj~Ai ~”"”°'"'

{Vhére Ye, Yp and Yn ate%theﬁelastiéities of the three regions and «
- 18 the proportion of production from the Punjab region (Scobie and
NPbsada, 1971, page 54). The elasticity Yt 18 known (0.15) as is a

which over the years is .47 to .49 (Agricultural Statistics of

Pakistan, 1981). The elasticities Yp and Yy, are not known, however,
since a is about .5 and the two regions are subject to similar condi-
tions and agricultural policies, equal elasticities of .075 will be
used for Yp and Yp.

The Demand Elasticities

Two demand elasticities for wheat have been estimated for Pakistan.
A study by Bissink (1970) using a Prisch scheme with household survey
data for 1963-64 estimated a -0.10 own price elasticity. Bengalil

(1983) used time series data from 1956-57 to 1979-80 and estimated

E/Equation (5) is obtained from equation (4) by first taking the par-
tial derivative of (4) with respect to price (price being the same
in both markets) and then converting the resulting expression into
elasticities by uultiplying through by P/Qr and then multiplying
the first term on the right hand side by unit ratios Qp/Qp and the
second term by UN/QN, Rearranging and collecting terms results in
equation (5).



‘ﬂf0wn price elasticities ranginglbetween -0 103 and -0 150 which were

'ffstatistically significant at the 10 percent level.

"nf;f; Estimates of a maize demand elasticity for Pakistan were not to be

lffound. The elasticity would likely be fairly inelastic; imports and

,'exports of maize are not allowed, maize occupies third place after

'wheat and rice in its per capita consumption and maize is a small cost,j{

component in the breakfast and starch industry. Demand elasticities of"

: maize for LDC countries are also usually less than a third in absolute
value (Scandizzo and Bruck, 1980). A range of elasticities around
=0.10 will be used (as a sensitivity analysis) when calculating the

Producer and consumer surplus from the formulas in Chapter 3.

-
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APPENDIX E

i.The Wheat Pricing: and Mar&eting Svstem

Table E-l presents wheat production, domestic procurementfand ;f

'}imports by year for 1960-61 to 1980-81. As noted Pakistan'is ahwheat

;ddeficit country and produced from 80 to 95 percent of its requirements
‘over the period 1970-71 to 1980-81. Imports, largely through PL—{SOt
programs made up the deficit of 5 to 20 percent depending on the i
yearly harvest size. Pakistan also has a domestic procurement program
- that procures from 2 to 26 percent of the yearly production. Since
‘1the Pakistan government is the sole 1mporter of wheat and exports are
:banned the two programs of domestic procurement and importing leave
‘the government in direct control of 20-35 percent of the total yearly
available supply of wheat (in the 1970-71 to 1980-81 period). |
Table E~1 also presents the unit value of wheat imports in

Rs./tonne basis Karachi. The governments ban on wheat exports and its
import and price procurement policies has produced a gap between pro-
ducer prices and the world price over the years 1972-73 to 1980-81,
Previous to 1972-73, the domestic procurement price has been above the
world import price basis Karachi. Much of the imported wheat comes
from the PL-480 program with different terms than might be expected
from a regular wheat purchase in the world market. Thus, it is not
clear that the unit value expressed in table E~1 is as high as the
price that would have to be paid in the open world market. Although

it may seem cheaper to have bought imported wheat than to procure it



Table E-1 Pakistan Wheat Statistical Data; 1964-65 to 1980-81

Total Wheat World
Column (2) - Column (4) Avallable Controlled Column (7) Wheat
Internal as I of as 2 of Wheat by as T of Price

Year Production Procurement Column (1) Imports Column (1) (1) + (4) CGovernment Column (6) (Karachi)

(1) (2) () (4) (5) (6) () (8) %)

—————————————— (In 000's tonnes and percentages) - — — = = = = — = — o _ _ _ _ (Rs. /ranne
1964-65 4,591 1 - 1,516 33.0 6,107 1,517 24.8 352
1965-66 3,916 1 - 756 19.3 4,672 757 16.2 327
1966-67 4,335 21 - 1,163 26.8 5,498 1,184 21.5 344
1967-68 6,418 9 - 1,441 22.5 7,859 1,450 18.5 390
1968-69 6,618 794 12.0 16 - 6,634 80 12,2 343
1969-70 7,294 907 12.4 230 3.2 7,524 1,137 15.1 360
1970-271 6,476 . 1,017 15.7 285 4.4 6,761 1,302 20.1 366
1971-22 6,890 841 12.2 690 10.0 7,580 1,532 22,2 391
1972-73 7,442 208 2.8 1,359 18.3 8,801 1,567 21.1 818
1973-74 7,629 1,342 17.6 1,229 16.1 8,858 2,571 33.7 1,258
1974-75 7,674 1,253 16.3 1,344 17.5 9,018 2,597 33.9 1,831
1975-76 8,691 1,236 14.2 1,186 13.7 9,817 2,422 27.9 1,505
1976-77 9,144 1,276 25.9 499 5.5 9,643 2,875 31.5 1,322
1977-78 8,367 1,842 22.0 1,052 12.6 9,419 2,894 34.6 1,271
1978-79 9,950 1,086 10.9 2,236 22.5 12,186 3,322 33.4 1,567
1979-80 10,857 2,376 21.9 602 5.6 11,459 2,978 27.4 1,729
1980-81 11,473 2,954 25.8 305 2.7 11,778 3,259 28.4 2,075

Sources: Columns (1), (2) and (4), Agricultural Statistics of Pakistan, GOP, Islamabad.
Coluan (9), Pakistan Economic Survey, COP, Islamabad.

g
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?7internally, the addition of incountry transportation, handlingvand

tﬁbagging costs would bring the price up to or past the procurement
ﬁ;price levels prior to 1972-73.~ For example, the 1966 67 cost of
}ftransportation, handling and bagging was 80 Rs./tonne (Stern, Falcon,

| Gotsch 1969, p.‘3) which brings the cost of an imported tonne of

' wheat,above the procurement price.

| », For'purposes of discussion the wheat pricing and marketing aYstem
uisiootlined under the following headings; the wheat ration progran,
ﬁheat procurement and procurement price, the free market system for

fwheat and flour and a section ending in a general discussion.

‘The ‘Wheat Ration Program

e The wheat ration program is described by Khan (1982, p. 1) as
'follons:

"Wheat flour (atta) is distributed to consumers in the
urban and wheat deficit rural areas through a network of
ration depots which are owned and operated by private indi-
viduals. The Provincial Governments issue licences to
operate ration depots and also issue ration cards to heads
of the families to obtain ration atta. The distribution
scale is 7.5 kilograms per adult per month (half of the
scale per minor). The distribution scale is different for
big cities, small towns, and rural areas. The ration depot
owners indent supplies from Roller Flour Mills against cash
payment once every two weeks. The Roller Flour Mills
receive wheat from Government stocks. A depot holder
indents, supplies on the basis ot his allocation and sales
during the past two weeks. The officials of Provincial Food
Departments check the stocks and sales of each depot holder.

The margin of the depot holder is the difference be-
tween the fixed price at which he buys atta from Roller
Flour Mills and the fixed price at which he sells to the

- ration card holders. In addition, he receives the empty
bags which constitutes a large part of his total profit.
The price differential is Rs.l per 100 kg of atta and the
price of empty bag varies from Rs.6 to Rs.l10.
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t‘The present system of rationing does not meet the full

-atta requirements of the ration card holders. Additional
requirement of atta are purchased from the open market at
price higher than the ration depot price.”

The ration program has all the ills that one might expeet~frbm“
{;suehva program. As Turvey and Cook (1976, p. 104) point out, ration
‘card holders can cheat the system by overstating the number in the’

household multiple registration within one household and possession
: of more than one ration book. On the other hand, depot holders can

overstate the quantity issued, retain defunct cards, underweight or

adulterate atta and sell the atta on the open market.,

Wheat Procurement and Procurement :Price

The procurement policy of tne Central Government is to set an
annual procurement target for each pronince, set a national procure-
ment price and decide on the amount to import to balance out thendefi-
cit. The Provinces are responsible for the administration, procuring
wheat, setting up the ration shops and arrsnging for milling (Turvey
and Cook, 1976). *

. Wheat is procured at a number of procurement centers throughout
each province and concentrated mainly in wheat surplus producing
areas. A Government of Pakistan study on food procurement (GOP, 1975)
fqr the 1974475 crop detailed the procedure for procurement for the
Punjab as follows; -

(1) ‘Government purchases wheat of the prescribed standard that

‘ may be voluntarily offered by growers/trade at the support

price of Ks.37 per maund subject to quality deduction.
"(ii) The purchasing centres last year were 800. This year, the

centres have been reduced to 475 to concentrate mainly in.
‘the surplus wheat producing areas.

G5
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?(iii) Payment to growers: is made in: full on' the spot immediately

‘on delivery. ;_

v Traders/arhtis sre pald Y7% price immediately on delivery
i gand balance 3% after assessment of quality. : A

f(v)Lr With a view to facilitating payment to the sellers commer-

_‘pzicial banks have been appointed as paying agents for making
. spot payments.

~(vi). Transportation of wheat/wheat atta including fine atta by
" .- any means of transport from any district to a place outside
the boundary of a district has been banned. This restric-
tion wilil, not nowever, apply on movement of Government
account or on the authority of a permit issued by the
. Government and by a bona fide traveiler provided the quan-
tity does not exceed 10 seers (29.17 seers = 1 bus.).

h(vii) There is no ban on private trading in wheat.,

(viii) The roller rlour wills will not purchase any wheat from the

' open market during the procurement period. This agreement
has been obtained by pursuation anu not under any legal
cover. In return, Government have agreed to supply them
reasonable quantity of wheat from their stocks ror sale in
the open market.,

While the price support in (i) and the number of purchasing cen-

;,ters in (i1) have changed, the baeic procuxement proceoure is the same

'ttoday for the ‘Punjab as well as for the other province

{:exception. The exception is that the h Wk ldb‘ﬂO 1uter-u1btr*ct

5restrictione on movement except to the trlbal areas.

In 1980-81, about 80 percent of the total Pakistan whcdt procureu-

;came rrom cne rungab with about 18 5 percent from the Sind ‘and 1 0. andp

‘fU 05,trom the N. M. F P. and Baluchistan respectiveiy.

bealo&a Lne boverrnenc procurement centers, farmers market their

iiwheat through any one of the follow*ng.

o\
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'\h;ﬁAgents t me directly to the farm.

éhiLocal village mandi (market)

;iéShE?The central or large town mandi (Commission agents).
f?;SZLiCooperative societies. | . o -
;b)*’ Directly to mills. ‘

: Amsurvey sponsored by the Agriculture Prices Commission (1981) of?

‘ﬁ'nd Cooperative Societies respectively.; At the timei" e
survey,;76 percent of the marketable surplus had been sold.;

A small amount of wheat seems to move from farmers to large mills"

directly., The wheat is ground into flour in local mills and distriav_f
buted locally or in large mills and the flour sold to wholesalers ‘and -

then tolretailers.

?h:gﬁTh survey sponsored by “the agricultural prices Commission also

surveyed prices:r ceived by wheat producers by so

prices in Rs. 140 kg ‘were 55 30, 56 80, 57 98 and 57' 85.and et rices

were 55, 08, 53 64 56 35, anhf55 77 for the Village, Commission agent,~

Procurement Center and Cooperative Society respectively. The net pri-
res are gross prices minus transportation cost, quality deductions and

,commission»fees.

The survey snows both, gross and net Procurement centre- prices;to

be the highest but only obtaining;31 percent‘of the market; e

3g:ve the following responses as tofwhy;they did not market more: at:thei‘



Procurementhentre/*'jFirst, qualit :deductionsvwere 2 5 times_higher

at Procurement Ce ters a1d many pro

higher thereby making the procurement price lower; Secondly, therek
was a high rate of rejection ot producer grain on ‘a- quality basis at
the Procurement Center whereas the same grain was accepted by thexl .
Village mandir The Village Mandi however could blend different quali-*

ties of grain together and sell that to the Procurement Centers

Ihirdly, delays up to 15-20 days in payment by Procurement Centers

made producers nervous. Fourthly, wheat had to be delivered to ju,

»uProcurement Centers in bags which: was not a requirement of the other

3fmarketsa"

mﬁGeneral Discussionv_

M“”f‘The focal point of the discussion is to’ determine if the fii~f}&'
C*Pakistari wheat price is abovn or. below the post-innovation HYV market
iequilibrium price (Pl in figure 3.2) so as . to establish the procedure
-to measure the change in surplus from a righward shift in the supply

fcurve from the use of HYV's;

QkThe procurement price is often thought of as' a support price to'f»
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"fact, procurementftargets are often not met andﬂ,

qprice, the authorities impose restrictions on movement or make pro-

;curement quasi—compulsory. Instead of improving the market they thus

z

"sometimes rig it in their favor" (Turvey and Cook 1976, P. 114)., The

‘rigging corresponds to items (vi) and (viii) of the procedures for ”

procurement in the section on Wheat Procurement and Procurement Price.57

‘:bince~most procurement centers are located in surplus wheat growingv'.

fareas, the transportation restrictions along with flour mills not ablef‘

ﬂto buy wheat in the market during the procurement period leaves the
l'Procurement Center in a. better position.

There is also the fact ‘that Pakistan does import wheat and any

fprice<support effect by the procuremenL price is negated or partially

‘7neuated by these imports. Although not stated as an explicit policy,

v‘the government is in a limited way in the buuiness of price stabiliza-
'ition as evidenced by the following quote from a government publica-k

ggtion.""To contain wheat prices in the open market within reasonable

ﬁblimits, the Government released more wboat in the market as well as to,

’Lthe ration depots (Pakistan Economic Survey, 1981-82 p. ’l9) The

Vfact that wheat procurement procedures at times must be rigged and o

"imports are used to contain prices in the open market suggests tnat

E{the:procurement price is below the equilibrium price Pl in Figure 3 2.

"The Pakistan wheat situation corresponds somewhat to the Japanese
;rice situation. Prior to 1960, Japan imported 5 to 20 percent of its

ifrice and in their analysis on the returns to rice research in Japan,a

;Akin and Hayami‘(l975, p.4) suggest that "In spite‘ofvthe occasional

;fpripeﬁsupport[operations, thv;

Rather than raise‘the,
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‘before 1960 should have been below market equilibrium in autarky.

%A reliable producer price for wheat does not exist thus th? pro-ﬁ

' curement procedures and.imports.
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Table F-1 - DISEASE REACTION OF COMMERCIAL WHEAT VARIETIES

- Diseare " ‘Stripe) Leaf | Stem | Flag | Looss |Complete bunt * | Powdery”
-7 Yariety rust rust st | smut | smut Bunt _(Partial | mildew
PR Buat) :
. RECOMMENDED 2/
Normal Duration .
Lyallpur—73 | 30S | 5MS-S| O s s 5 S 1§ .
Pavon ~76° 80S MR R S S S - MS
. WL -74* [soMsSISMR |208 ] 5 R 5 .| Vs
Pai 73 |I-MR|5MR [1oMR | S - I I B
"Yecora —70 | 60S | 20MS [80S ] s sl oms.
Mui  -70 50S | 40MR J10MS S ‘ S S MS -
An® I-MS |20MR | © s ] s
Sandal 20M-$] 20MS-S|20M55 | S ] s
Short Duration ‘j‘:
LU -26 [s0-S | 20MR. [TR s - S
MS L
Blue Silver T-MS|30MR [IOMR | S R s 8 |8
Sonalika® T-MS|20MR | O s s s | s ] vs
IL WITHDRAWN S
Local White 1005 | 1005 [908 R - S -
csot 1005 | 60S (808 [ S s )8
Pugjsb-76 .| 1005 [1008 [20MR | S (] § e
Mexi-Pak 1005 | 905 [20MR 5 S | R ps
Pothwar 905 | 605 [sos 5 s [ 8. ;s
Tarnah 73 60S [1008 [SMR | S S 8§ fiig
- Khushsl 69 805 | 1005 [20MR s S R I
HD 200g° 705 | 10R [208 S S § sy
Barani 70 55 |100S [T-MR | S R s : 8 ‘
Pak 70 408 | 1002 [10MR S - S 9 MS
Chenab 72 60S |100S | SMR | S 5 5 ] vs
SA 42 30MR| 1005 |30M ] s ] S [mMs-s -
SA 75 20Ms] 708 |SMR [ S | s s s |mMs-s
R —~ Resistant ' § — Susceptible
MR — Moderately Resistant . VS = Very Susceptible

MS — Moderately Susceptible

Sourca. Amir Muhammad, National Wheat Perspectives, August 1979. PARC.,

al”

T — Traces

[ - Intermediate

‘rhe variecies Yecora and Nuri area no longer recommndad variecies.' -
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'ffsmuts, bunts and powdery mildew.’ Also most of the recommended»varie-?f

“fties are somewhat susceptible to- the rusts. Of all the recommende

bfvarieties Lyallpur-73 is the variety that is now7recommended‘the m t;'

AP

p Another response to the rust epidemiclwas to zone Pak*stan's

i:wheat growing areas into wheat productionvzones largely on the basis
lof rust incidence and type., Again this underscores the need for loca—
tion specific research that will provide the best variety available to”

'different areas in the country. As a result of importing varieties y

from other countries (Introductions) because of the rust epidemic,
~pthese Introductions now ‘are’ sown on a large portion of the wheat 1
i?cropped area.' Tables C-7 C-8 and C-9 in Appendix C indicate that
dIntroductions (Category IV) made up 63, 15 and 6l .percent of the per-

centage of hectares sown to wheat in the Punjab, NiW.F.P. and Sind in
'1980-81 respectively. It was fortunate that the Introduction

: varieties were available although table F-1 suggests that they are not ,
:superior with respect to disease resigtance than Lyallpur-73, a .
Pakistan/CIMMYT variety released in 1973 .=~ 2/ Had the agricultural edu-
‘cation, research, extensiOn-and seed_uultiplicationzsystem been
.working to produce disease resistant varieties prior to the wheat»rust

epidemic, much of the loss in production could have been avoided in

2/ Several arguments exist against importing other countries'

' varieties. First, there 1s the danger of impor-ing weed seeds and
diseases not common to your country. Secondly, if a crisis situ-
ation exists, there are no assurances of quality and timeliness
of seed imports and the risk exists that the varieties may not
grow well because of location specific problems. Thirdly, as in
the case of the gram blight (next section) the luxury of
importing better varieties may not exist.



¥1977-78 as could have the need to import seed wheat and wheat for

ljhuma_‘.consumption

A calculation can reveal the monetary loss to the Pakistan

ieconomy of not having in place less susceptible rust varieties.i ‘In

'1978-79 Pakistan imported 1.96 million tonnes of wheat (Table 1 3).

EIt is‘;reasonable to assume that in the event that Pakistan had more
:rust resistant varieties, that some wheat would have been imported
ianyway as in the previous years and that although rust resistant
{varieties existed, they would not be 100 percent resistant. ' To
account for this, an assumption is made that Pakistan would have
imported the same amount that was imported in 1976-77 which was 1 05
million tonnes. Thus, the assumption is made that 0.91 million ton-
nes (1 96 - 1.05) was imported as a direct result of the rust epide-’
mic The 0,91 million tonnes is valued at Rs. 1,157 million (U. 5.
;$116 8 million)— and is the cost to the Pakistan economy for not
spending sufficient funds and effort on rust resistant variety
;research. In the same year that Pakistan spent the Rs. 1,157 million
on importing wneat bacause of the rust epidemic, only Rs. 257 5 |
million (U.S. $26 0 million) (table B-3) was spent on the e1tire agri-
.culture research and extension program in Pakistan. Because rusts are
cyclical and will return at a future date, Pakistan should be willing
§7f"7ITZ;Ihe of Rs. 1,271/tonne (Table E-1) was used in calculating
the value of the 0,91 million tonnes. The official exchange rate

of Rs. 9.9/U.S. §1.00 was used in converting the rupees to U,S.
~ dollars.
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:‘lo increase the expenditure on wheat rust research and extension and
| _other wheat diseases and strengthen research establishments like the
MQCDRI.

QThe Gram Blight in Pakistan

Gram (chickpea) is another important food crop in Pakistan.( An
average 1,123 thousand hectares are sown to gram each year and is the
fourth largest .area sown to a. single crop after wheat, cotton and |
b'rice. Table F-2 presents the.area sown, production and yield of gramb'
| over the period 1970-71 to 1980-81. There has been a 3 7 percent :
growth rate in the area sown to gram over then.970-71 to 1978 79
iperiod however, production has only a slight upward trend as does
yield/ha. Yield/ha is virtually stagnant and the five year averages
ﬁ,of 507 kg/ha and 544 kg/ha for 1965-70 and 1970-75 respectively are
v‘isurprisingly lower than the 1947-1951 five year average of 601 kg/ha.
,vahis basically means that most of the increased production is coming
.;'from increased area sown and not from increased yield/ha.
| Table F-2 also portrays the consequences of the gram blight in
,1979 80. Yield fell to 278 kg/ha and production to 313 cutting the
average per capita consumption of 6. 68 kg/annum to 3.81 kg/annum. By
1980-81 the yield had gone back up to 400 kg/ha but this was not a
result of’ introducing blight resistant gram varieties from other

'countries but a result of a cutback in hectares sown by the farmers in

;the area of the worst infestations.; Only 843 thousand hectares were_

25sown in 1980-81.; Unlike the case of wheat rust, there were. no readily

favailable varieties to import from oth «;countries. ;Ihis;is;another;f
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2 Area,

Production and Yield of Gram in Pakistan

Area Sown

e —————

Production Yiald

('000' hectares) ('000'_tonnes) (kg/ha)

*1947=51 Average 991

1965-70 Average _ 1,064

1970-71

1971-72
1972-73
197374

197475

197075 Average 1,000+

" 1975-76

s

©1978-7¢

{;97?-80k’

914

1,108
- 996

: 1,068
o
1,099

1,224

1,129

1975-80 average 1,123

1980-81

843

.Sourca: Agricultural Statistics of Pakistan, 1981, GOP Ministry of Food,
- Agriculture and Co~operatives, Islamabad, ’ R

Pakistan Basic Facts, 1980-

81, GOP, Finance Diviston, Islamabad,
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,;case where science—based agriculture could have prevented a crisis had
Jthe agricultural education research and extension system been fully:
operative. As a consequence of the gram blight, gram had to be

1mported and the wholesale price went up from Rs. 82. 23/40 kg in -

1979-80 to Rs. 187. 3/40 kg in 1980~81, an increase not shown by any }fﬁ

other food crop in Pakistan (Pakistan Basic Facts, 1980-81, p.-125)

In summary, the agricultural education, research and extension

;system has failed to increase the yield of gram in Pakistan. It has
;also failed to deal with the gram blight that reduced production in
{1979-80 to almost one-half of the average production of the four ;

_earlier years. This suggests a greater commitment.to the agricultural

education, research and extension system is necessary in an effort to

increase gram yields and disease resistancet‘



