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ABSTRACT 

Data on livestock production for four provinces of Pakistan, namely Punjab, Sindh, Khyber 
Pakhtunkhawa (KP) and Balochistan, for the period 1980-81 to 2008-09 were used to examine inter-provincial 
productivity growth rates. It was noted that the types of livestock products across the provinces are not similar, 
e.g. livestock is kept mainly for milk purpose in Punjab and Sindh, while in KP and Balochistan it is reared 
generally for meat. Total factor Productivity (TFP) estimates for livestock are lower than those for crops (Ellahi 
et al., 2010). Further, KP scored the highest estimate of 0.98% growth in TFP per annum showing its better 
efficiency than others. Major determinant causing divergence in the growth of livestock TFP is road 
development, impacting positively in Punjab and Sindh, and opposite of this for KP and Balochistan due to 
difference in the type of services required. The effect of water resource development has a negative impact on 
livestock TFP, except for water-scarce Balochistan. The coefficient estimates for animal treatment and 
vaccination for various provinces are mostly negligible, except partially for Balochistan. 
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INTRODUCTION 

The agricultural sector in Pakistan comprises both crop and livestock industries in its four provinces of 
Punjab, Sindh, Khyber Pakhtunkhwa (KP) and Balochistan. Growth in total factor productivity (TFP) in both 
sets of industries has emerged as a serious concern for planners and policy makers (Govt. of Pakistan, 2009, 
2010d and 2011). Pakistan’s agrarian economy performed impressively since 1980s as mechanical cultivation 
replaced bullock farming, arable land per capita was reduced and the livestock industries emerged as a major 
source of livelihood. 

The average annual growth rate in livestock industries has been consistently positive and an impressive 
output growth rate of around 16% in 2005-06 contrasted with the negative growth rate for crops in certain years 
since 2003-04 (Govt. of Pakistan, 2010c). However, in view of varying resource endowments across the country, 
it is not clear whether growth in TFP in the livestock industries has been evenly distributed across the four 
provinces. The contribution of livestock to agriculture’s value added in GDP increased from 28% in 1980-81 to 
53% in 2009-10 (Govt. of Pakistan, 1981 and 2010c), so it may be that deeper understanding of this important 
change may be derived through a spatio-temporal analysis of the livestock industries in terms of productivity 
growth, equitable distribution of benefits, poverty alleviation and the overall economic development of Pakistan. 

Most spatio-temporal studies of TFP growth in Pakistan related to crops. Examples are Ellahi (2007), 
Ellahi, et al. (2009, 2009a and 2010), Ali (2000 and 2005), Murgai, et al. (2001), Khan (1994, 1997), Ali and 
Velasco (1994), Rosegrant and Evenson (1993), Azam, Bloom and Evenson (1991) and Wizarat (1981). A 
similar analysis is needed for the fast-growing livestock sector (Govt. of Pakistan, 2009 and 2010d). As Ellahi et 
al. (2010) reported spatial inequality in TFP change exists between provinces for crops. Further, crop and 
livestock enterprises are complementary to each other as crop byproducts, such as straw from wheat, rice and 
gram and sugarcane tops are used as feed for livestock. Therefore, the participation of spatial entities in this 
growth process for crop and livestock industries needs to be ascertained and tested in the light of empirical 
results and other factors operating in the overall economy. 

Historically, Pakistan’s export earnings mainly came from cotton (lint) exports, which were replaced 
by its value added goods from the 1980s. Now livestock output stands at the same position of becoming a major 
export. However, livestock activities have their own merits in the changing the techno-economic environment of 
the country and this sector is a suitable candidate for a spatio-temporal analysis. The post-quota regime of the 
World Trade Organization calls for policy measures, based on empirical analysis, to develop non-traditional 
commodities, such as livestock products. 
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MATERIALS AND METHODS 

Method of Analysis 

Several methods have been used to measure TFP in Pakistan. They include non-parametric linear 
programming (Ellahi, 2007; Ellahi et al., 2009a, 2009b; Wizarat, 1981), index number methods (Azam et al., 
1991, Ellahi, 2007, Ellahi et al., 2009 and 2009a, Rosegrant and Evenson, 1993; Khan, 1997; Ho and Arif, 2004; 
Ellahi, 2007), and stochastic frontier analysis (Ahmad, 2003). The consideration of crops and livestock and time 
periods covered in various studies are different, ranging from 1953-54 to 1978-79 for Pakistan agriculture as a 
whole (Azam et al., 1991), the period 1956-85 for the crop sectors in Pakistan and India (Rosegrant and 
Evenson, 1993), the period from 1960 to 1996 (Khan, 1997), and from 1980-81 to 2005-06 (Ellahi, 2007, Ellahi, 
et al., 2009, 2009a and 2010). Ali and Byerlee (2002) used data on 33 crops and eight livestock products in all 
irrigated districts of Punjab. 

The spatio-temporal TFP analysis of livestock production in Pakistan is proposed to be carried out for a 
period of 29 years from 1980-81 to 2008-09. A two-stage analysis of TFP change at the spatial level is 
undertaken using aggregate data for the four provinces. In the first stage, changes in TFP indices are to be 
measured, which is accomplished by using annual data on quantities and prices of livestock inputs and outputs. 
In the second stage, following Rosegrant and Evenson (1993), the TFP index is regressed, in a log linear way, 
on determinants using a pooled model for all four provinces. Intercept dummies and provincial interaction 
variables are proposed to be included for Sindh, KP and Balochistan, with Punjab treated as the base. 

Obtaining data on the determinants of TFP change proved to be challenging, and some of the variables 
used are proxies. The proportion of area covered by tubewell and canal may capture the effects of hydrological 
developments on fodder production and growth of grasses in the grazing lands. Road density (road length per 
thousand of rural population) is used to capture the effects of transport infrastructure for marketing livestock 
products, especially milk and meat. Research and extension (R&E) inputs for livestock are measured by the 
provincial expenditure in these services, to capture the effects of improved feeds, disease control and better 
animal health. The number of tractors per ton of milk production may depict the level of mechanical technology 
as a replacement for bullocks in each province. The literacy rate, nutritional status and medical facilities 
represent human capital. Finally, the product of proportion of cases disposed of in the High Court and Supreme 
Court represents confidence of farmers in protection of legitimate rights. 

Index Method 

The chain-linked Törnqvist TFP index (Törnqvist, 1936 in Coelli et al., 2005) was selected to measure 
TFP change in livestock industries. This method was used in most previous studies of TFP growth and requires 
the aggregation of inputs and outputs into single indices using weights based on cost and revenue shares, 
respectively. In order to define the Törnqvist index, the input-output quantities and their respective shares in the 
total cost and total revenue, respectively, need to be defined. The rationale for selection of the Törnqvist TFP 
index is provided by Ellahi et al. (2010). 

Coelli et al. (2005) defined the Törnqvist output quantity index in multiplicative form as: 

∏
=

+









=

M

m ms

mtT
st

mtms

q

q
Q

1

2

ωω

        (1) 

where qms is the m-th output quantity in the base period, s, qmt is the m-th output quantity in the current 
period t, and ωms and ωmt are the revenue shares of output m in periods s and t, respectively. Following a similar 
procedure, Coelli et al. 2005, (p. 112) defined the Törnqvist input quantity index is defined in its multiplicative 
form as: 
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where xns is the n-th input quantity in the base period, s, xnt is the n-th input quantity in the current 
period, t, and ωns and ωnt are the cost shares of input n in periods s and t, respectively. The average annual 
change in the Törnqvist TFP index was measured using these output and input quantity indices and following 
the standard procedure as detailed, for example, by Murgai et al. (2001, p. 202). 

Data Compilation 

The levels of livestock outputs and inputs, and their prices, are the variables required for estimating 
Tornqvist TFPs. Aggregate data were collected on prices and quantities of milk, draught power, beef, mutton, 
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poultry meat, eggs, hides, skins and wool, and on the inputs used in livestock production. Data on prices of these 
livestock products are available in the Pakistan Statistical Year Book (Govt. of Pakistan, 2010h). 

Data on inputs include milk for off-spring, green fodders, crop byproducts, concentrates, manufactured 
feeds, grains and a variety of feeds for poultry, animal health care, medical treatment and human labour used for 
the livestock activities. Annual input-output data, at the country level are available in the Economic Survey 
(Govt. of Pakistan, 2010c), the Agricultural Statistics of Pakistan (Govt. of Pakistan, 2010a), the Pakistan 
Statistical Year Book (Govt. of Pakistan, 2010h), the Monthly Statistical Bulletin (Govt. of Pakistan, 2010g) and 
related publications. The national data on livestock were apportioned into provinces using the ratios of different 
types of stock obtained from data provided in the Livestock Censuses of 1976, 1986, 1996 and 2006 (Govt. of 
Pakistan, 1978, 1988, 1998 and 2008) for various years included in this study. 

Several crop byproducts are used for feed in livestock industries: straw from wheat, rice and gram, 
stalks from maize, millets and sorghum and tops from sugarcane. Their annual values in current prices are 
provided in the Agricultural Statistics of Pakistan (Govt. of Pakistan, 2010a) for the country as a whole. The 
spatial apportionment was undertaken in accordance with provincial share in the total value of the main output. 

The basic sources of data on the agricultural labour are the Population Censuses of Pakistan 1981 and 
1998 (Govt. of Pakistan, 1984 and 2002) and the annual series of the Labour Force Surveys (Govt. of Pakistan, 
2010f). These data, published in the Economic Survey (Govt. of Pakistan, 2010c), are for the country as a whole 
and relate to crops, livestock and other sub-sectors. Annual farm wages for casual labour used in the agriculture 
sector and wages for unskilled labour in the metropolitan areas are available in the Monthly Statistical Bulletin 
(Govt. of Pakistan, 2010g) and in the Economic Survey (Govt. of Pakistan, 2010c), respectively. Various issues 
regarding farm labour and wages thereof, for the period 1980-81 to 2005-06, are discussed by Ellahi (2007), 
whose method was followed to obtain and extend labour used for livestock and wages thereof up to 2008-09. 

For the econometric analysis, data on road density are obtainable from the Provincial Development 
Statistics (Govts. of Punjab, Sindh, KP and Balochistan, 2010c). Data on population and literacy for the years 
1981 and 1998 are available in the Population Censuses of Pakistan 1981 and 1998 (Government of Pakistan, 
1984 and 2002), while those for the remaining years of this study are obtained from the Labour Force Surveys 
(Govt. of Pakistan, 2010f).  

Expenditures on R&E for livestock are comprised of development and recurring accounts, incurred by 
the provincial and federal governments. Each provincial government has its Livestock Department and makes 
expenditure on R&E from the development account until an activity is completed and thereafter, the recurring 
expenditure is sanctioned. At the federal level, the pattern and type of budget allocation is same and its main 
organizations are the former Livestock Division and Pakistan Agricultural Research Council. The latter has 
components for both crops and livestock. The collection of all these data is a gigantic task. On the provincial 
side, these data are consistently available in Govt. of Punjab (2010a and 2010b), while these are partially so for 
Govt. of Sindh (2010a and 2010b), Govt. of KP (2010a, 2010b and 2010d) Govt. of Balochistan (2010a and 
2010b) and Govt. of Pakistan (1992). The deficient data for Sindh, KP and Balochistan were estimated in two 
steps, i.e. the ratio of their partially available information with those for Punjab was obtained first. Then, for the 
deficient years, a product of the said ratio and data for Punjab were used to estimate those for the remaining 
provinces. 

Annual R&E data for livestock are published for the study period by Govt. of Pakistan (2010b), but not 
consistently. For instance, livestock data (considered for the extension component) were available for the years 
to 1997-98; thereafter, they were combined with the overall agricultural R&E data. Data for years after 1997-98 
were obtained by using the proportion of livestock to total agricultural R&E in 1997-98. Data on research 
expenditure are available for the whole of agriculture. The livestock portion was obtained using the method 
applied for the extension component. Ultimately, the federal data were apportioned among the four provinces in 
the light of their respective shares in the total R&E budgets and added to their respective accounts to construct 
the overall R&E variables. Thereafter, the estimates were converted into real values by using the GDP deflator 
with 1980-81 as the base (Govt. of Pakistan, 2010c). Variables on treatment reflecting animal health were taken 
from the Governments of Punjab, Sindh, KP and Balochistan (2010c).  

A moving average of the livestock TFP needs to be used to reduce the exaggerated effects of drought 
and floods and good seasons for ample fodders and free of epidemics. These causes do not take place at a 
regular time interval, however, a period of two years was considered appropriate to smooth out fluctuations in 
livestock TFP in the temporal context. 
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RESULTS AND DISCUSSION 

Estimates of TFP Change 

The empirical results of average annual growth rates in TFP using Törnqvist indices are presented in 
Table I for the whole study period and for two sub-periods, namely 1980-81 to 1994-95 and 1995-96 to 2008-09. 
Indices are also depicted graphically for the four provinces in Fig. 1. 

 
Table I       Province-wise annual rates of change in TFP 
Province/Period Punjab % p.a. Sindh % p.a. KP % p.a. Balochistan % p.a. 
1980-81 to 2008-09 0.88 0.66 0.98 0.95 
1980-81 to 1994-95 1.14 -0.06 1.47 2.44 
1995-96 to 2008-09 -0.56 0.34 -1.12 -1.48 
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Fig. 1. Provincial Estimates of TFP (%pa) for Livestock Industries 

The results depicted in Fig. 1 exhibit that the growth rate in TFP for the entire study period and for all 
provinces was almost the same and stood at about 1% per annum. These estimates are lower than those for crop 
production (Ellahi et al., 2010, Ali and Byerlee, 2004 and World Bank, 2007). Further, KP scored the highest 
with an estimated 0.98% growth in TFP per annum implying that livestock activity in KP is more efficient than 
that in other provinces.  

These average annual TFP growth rates for the whole study period hide some major inter-temporal 
variations. During the first sub-period from 1980-81 to 1994-95, the TFP growth rate in livestock industries was 
consistently high in all provinces. It was especially high in Balochistan: farmers achieved high productivity 
gains of 2.44% per annum. But the rate took a downturn in that province in the second time period (1995-96 to 
2008-09), averaging less than 1% per annum, which was true for Punjab and KP as  (Fig. 1). In the second time 
period, Sindh showed a positive TFP growth rate of 0.34%. The drop in the TFP growth rate in Punjab, KP and 
Balochistan in the second time period coincided with a reduction in beef and mutton production.  

Changes in the Determinants of TFP 
The rates and direction of change per annum in the TFP determinants for the entire study period, along 

with t-ratios, are provided in Table II. All provinces experienced significantly positive trends in their tubewell 
networks. Its growth was higher in Sindh and Balochistan than in Punjab and KP. It is noteworthy, in Sindh, that 
water is not mined from below the ground where it is brackish; rather, it is generally canal water that has to be 
lifted mechanically. Punjab and Balochistan experienced a substantial decline in the canal network, while it 
showed somewhat increasing trend in Sindh and a stagnant situation in KP.  

Investment in human capital was boosted through the Seventh Five Year Plan (1988-1993) and the 
Eighth Five Year Plan (1993-1998) (Govt. of Pakistan 1987, 1994). Thus, all provinces exhibited generally 
positive trends in the literacy rate, nutritional status and medical services for human beings, and animal health 
services. Growth in legal services was considerable in Punjab and Balochistan and it was negligible in the rest. 
In respect of animal vaccination, Balochistan excelled of all provinces, while the same in Punjab was negligible 
and statistically insignificant at the 10% level. Conversely, extension services declined in all provinces except 
Balochistan, where no change occurred. Research services increased in Punjab and KP but declined in Sindh 
and Balochistan. Mechanization increased substantially and significantly in Punjab and Balochistan but did not 
change significantly in the other two provinces. The road network deteriorated in KP, but improved significantly 
in the other three provinces. 
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Table II      Average annual growth rates of change in determinants of TFP 

Variables Punjab % p.a. Sindh % p.a. KP % p.a. Balochistan % p.a. 

Tubewell network 1.552 

(8.0)*** 

7.470 

(20.6) *** 

2.704 

(11.8) *** 

6.146 

(21.2) *** 

Canal network -0.711 

(-7.0) *** 

0.301 

(3.2) *** 

-0.199 

(-7.1) *** 

-1.415 

(-18.3) *** 

Road network 4.027 

(44.9) *** 

3.734 

(18.0) *** 

-1.015 

(-18.1) *** 

2.112 

(11.8) *** 

Nutritional status 1.452 

(15.1) *** 

1.044 

(11.4) *** 

1.244 

(19.1) *** 

2.427 

(13.4) *** 

Literacy rate 6.630 

(16.0) *** 

4.042 

(25.1) *** 

5.269 

(22.6) *** 

7.856 

(16.4) *** 

Medical services 1.126 

(11.0) *** 

-1.875 

(-8.0) *** 

0.270 

(4.8) *** 

1.557 

(8.9) *** 

Legal services 1.929 

(4.0) *** 

0.127 

(0.2) 

0.448 

(0.6) 

1.506 

(3.6) *** 

Extension services -3.094 
(-8.6) *** 

-3.354 
(-7.3) *** 

-8.906 
(-22.9) *** 

0.169 
(.2) 

Research services 1.859 
(3.3) *** 

-2.277 
(-2.8) *** 

3.806 
(9.5) *** 

-0.787 
(-1.8) * 

Mechanization 1.415 
(4.6) *** 

-0.174 
(-0.5) 

0.065 
(0.2) 

1.582 
(4.9) *** 

Animal health 1.710 
(7.2) *** 

6.816 
(11.3) *** 

3.374 
(12.5) *** 

0.609 
(1.2) 

Animal vaccination 0.106 
(0.2) 

4.031 
(8.8) *** 

1.701 
(2.6) ** 

5.999 
(16.8) *** 

Notes: Figures in parenthesis are t-ratios. ***, ** and * denote significantly different from zero at the 1%, 5% and 10% 
levels, respectively, on the basis of a two-tail test. 

Estimates of Impacts of Determinants on TFP 

Following Rosegrant and Evenson (1993), the TFP index was decomposed by regressing it against the 
determinants referred to above in a log-linear way. The parameter estimates, thus representing elasticities, for 
the livestock TFP in respect of the four provinces were obtained, by using an econometric software package 
EViews 6, and set out in Table III. The base elasticity (parameter) estimates are for Punjab and those for the 
other provinces were obtained by adding the interaction dummy estimates to the base and testing the difference 
from zero. Considerable differences for elasticity estimates and direction of change in the determinants are 
observed and explained. 

The overall goodness of fit measured by R2 is o.98, which implies that the model is well fitted to the 
data being used for analysis. [The base coefficient estimate for intercept is less than zero and significantly 
different from zero (at the 10% level), while the same for Sindh and KP are further low and intercept dummy for 
Balochistan is positive, but still insignificantly different from zero.] It may be noted that livestock is a major 
source of livelihood in both KP and Balochistan, while it was not so for Punjab and Sindh. The negative 
coefficient estimates for intercept are consistent with the point that crops have been the major source of farm 
income and livestock picked up as result of techno-economic changes taking place in Pakistan’s agrarian setup 
in the recent past. Further, it requires a heavier toll of investment than is the case for most of crops, which 
justifies our first observation. 

The base coefficient estimate for water resource development (tubewell and canal), which is primarily 
for crop production, is close to zero showing a remote relationship with TFP for livestock. The coefficient 
estimates with interaction dummies (T and C) for KP, though statistically insignificant, bear negative signs and 
stronger than the base estimates and reflect substitution relationship between crop and livestock industries. On 
the contrary, positive elasticity estimates for water resource, in respect of crop industries, were reported by 
Ellahi et al. (2010). Balochistan, a water-scarce and land-abundant province, has a positive sign for the said 
variables, in TFP for livestock, showing a different direction of the effect of the irrigation variables than is the 
case for Punjab and KP. This relationship is also true for Sindh where ground water is unfit for irrigation and 
drinking purposes and shows a similarity with Balochistan. The base elasticity estimate for road infrastructure is 
positive and statistically significant at the 1% level, while a converse of this is true for KP and Balochistan and 
Sindh is somewhere in between the two extremes. In Punjab, a 1% increase in roads leads to about 1.04% 
increase in livestock TFP, while the same in KP retards TFP at 1.58% per 1% rise in road network. These results 
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are consistent with the expectations as livestock industry is milk-oriented in Punjab and Sindh, while that in KP 
and Balochistan is mainly meat-oriented where road development is not very demanding than is the case 
involving milk marketing. Further, as seen from Table II, road network, in Punjab and Sindh, is increasing at 
about 5% per annum while the same is growing slowly in Balochistan and retarding in KP at more than 1% per 
annum which tends to decline livestock TFP accordingly. 

Table III    Model estimates for the determinants of TFP for Livestock 
Variables Coefficient Standard error t-ratio p-value 
Constant -2.383 1.34 -1.78*  0.08 
Sindh dummy -2.046 2.44 -0.84 0.41 
KP dummy -0.711 1.84 -0.39 0.71 
Balochistan dummy 1.317 2.01  0.65 0.52 
Tubewells (T) -0.082 0.53 -0.15 0.88 
Canals (C) -0.229 0.91 -0.25 0.80 
Roads (RD) 1.038 0.24  4.33*** 0.00 
Nutritional status (N) -0.817 0.57 -1.43 0.16 
Literacy rate (L) 0.313 0.13  2.33** 0.02 
Medical facilities (MF) 0.073 0.97  0.08 0.94 
Judicial services (J) 0.044 0.08  0.57 0.57 
Extension services (E) 0.059 0.12  0.48 0.63 
Research services (RS) -0.004 0.05 -0.08 0.94 
Mechanization (ME) -0.377 0.18 -2.11** 0.04 
Animal health (A) 0.116 0.16  0.74 0.46 
Animal vaccination (AV) -0.074 0.09 -0.812 0.42 
Sindh*T 0.140 0.56  0.25 0.80 
Sindh*C 0.542 0.96  0.56 0.57 
Sindh*RD -0.722 0.39 -1.84* 0.07 
Sindh*N 1.415 0.65  2.17** 0.03 
Sindh*L 0.377 0.51  0.75 0.46 
Sindh*MF -0.267 1.01 -0.26 0.79 
Sindh*J 0.013 0.09  0.15 0.88 
Sindh*E -0.134 0.16 -0.85 0.40 
Sindh*RS 0.136 0.08  1.78* 0.08 
Sindh*ME -0.269 0.23 -1.19 0.24 
Sindh*A -0.102 0.17 -0.59 0.56 
Sindh*AV 0.064 0.11  0.61 0.55 
KP*T -0.361 0.55 -0.65 0.52 
KP*C -0.437 1.44 -0.30 0.76 
KP*RD -1.577 0.49 -3.20*** 0.00 
KP*N 2.132 1.14  1.88* 0.07 
KP*L 0.084 0.29  0.29 0.77 
KP*MF 0.102 1.15  0.09 0.93 
KP*J -0.060 0.08 -0.75 0.46 
KP*E -0.240 0.14 -1.67* 0.10 
KP*RS 0.382 0.10  3.82*** 0.00 
KP*ME 0.034 0.22  0.15 0.88 
KP*A -0.208 0.32 -0.65 0.52 
KP*AV -0.055 0.12 -0.45 0.65 
Balochistan*T 0.610 0.60  1.01 0.32 
Balochistan*C 0.256 0.97  0.26 0.79 
Balochistan*RD -0.793 0.29 -2.70*** 0.01 
Balochistan*N 0.800 0.62  1.28 0.20 
Balochistan*L -0.222 0.19 -1.18 0.24 
Balochistan*MF -0.129 1.00 -0.13 0.90 
Balochistan*J -0.037 0.09 -0.40 0.69 
Balochistan*E 0.034 0.13  0.26 0.80 
Balochistan*RS 0.093 0.08  1.15 0.25 
Balochistan*ME 0.140 0.30  0.47 0.64 
Balochistan*A -0.179 0.17 -1.05 0.30 
Balochistan*AV 0.259 0.10  2.37** 0.02 
Note: *** significant at the 1 per cent level, ** significant at the 5 per cent level, 
* significant at the 10 per cent level on the basis of a two-tail test. R2 = 0.98 and Adjusted R2 = 0.96.  

The coefficient estimate for nutrition bears a negative sign for the base (Punjab), which seems 
implausible but not without interpretation. In Punjab, livestock is mainly stall-fed, while it is mostly resorted to 
unfenced grazing in KP, Balochistan and partially in Sindh, which demands more nutrition than is true for the 
former. Thus, positive and statistically significant edge of interaction dummies as compared with the base is 
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supported by the nature of feeding activities and resource endowment. Further, annual growth in nutrition in KP 
is the highest, i.e. 2.47%, of all other provinces (see Table II). Literacy and medical facilities contribute 
positively in Punjab (the estimate on literacy is statistically significant at 5% level), which is true for Sindh and 
KP as well but for literacy only. Interaction dummies (L and MF) for Balochistan, being negative is consistent 
with expectations that its population is well spread (Ellahi et al., 2010) and has the lowest access to these 
facilities as compared with the rest. Further, rearing livestock does not require literacy whose annual growth is 
the highest in Balochistan but is negatively associated with livestock TFP. The impact of judicial services for 
livestock TFP, as seen from coefficients on the base and interactions dummies, is negligible and consistent with 
results reported by Ellahi et al. (2010). 

The base estimate for mechanical technology bears a negative sign and is significant at the 5% level, 
which accords with the point that mechanical technology and animal draught power replace each other. This is 
also true for Sindh, while for the other provinces, estimates on the interaction dummies are positive but close to 
zero implying a weak substitution between mechanical technology and bullocks. The coefficient estimates for 
animal treatment and vaccination for Punjab and others are mostly negligible, except partially for Balochistan, 
where vaccination has been growing at about 6% per annum. This substantiates the point that livestock 
development is mainly attributable to the private sector, while the public sector is focusing on crops and thus 
livestock ranks quite low in terms of development expenditure in the public sector (Govt. of Pakistan, 2009). 
The unsatisfactory contribution of extension to the livestock TFP is apparent for all the provinces, while a 
positive impact of research services in Sindh and KP is a healthy sign as compared with the rest. 

CONCLUSION AND RECOMMENDATIONS 

The types of livestock products across the spatial components are not similar. For example, in Punjab 
and Sindh, livestock is kept mainly for milk purpose, while in KP and Balochistan it is reared generally for meat 
purpose. TFP estimates for livestock are lower than those for crops (Ellahi et al., 2010, Ali and Byerlee, 2004 
and World Bank, 2007). Further, KP scored the highest estimate of 0.98% growth in TFP per annum, which 
points to the fact that its efficiency in livestock production is more than that in other provinces. 

The road development impacted positively in Punjab and Sindh, while opposite of this was true for KP 
and Balochistan. On account of livestock and crop enterprises, being competing ones, the effect of water 
resource development, unequally distributed in spatial context, has a generally negative impact on livestock TFP, 
except for water-scarce Balochistan, as compared with positive impact for crops. The mechanical technology, 
which replaces animal draught power, has a negative impact on TFP for livestock for the country. The 
coefficient estimates for animal treatment and vaccination for Punjab and other provinces are mostly negligible, 
except partially for Balochistan. 

REFERENCES 

Ali, S. 2000. Productivity growth in Pakistan’s agriculture, 1960–1996. Ph.D Dissert. Econ. Deptt., Simon Fraser 
Univ., Burnaby. 

Ali, S. 2005. Total factor productivity growth and agricultural research and extension: An analysis of Pakistan’s 
agriculture, 1960-1996. Pakistan Dev. Rev. 44(4), Part 2, 729-746. 

Ali, M. and D. Byerlee 2004. Productivity growth and resource degradation in Pakistan’s Punjab: A decomposition 
analysis. Policy Res. Working Paper No. 2480, World Bank, Washington, D.C. 

Ali, M. and L.E. Velasco 1994. Intensification induced resource degradation: The crop production sector in Pakistan. 
Working Paper 94-14. Int’l Rice Res. Instt. Manila. 

Azam Q.T., E.A. Bloom and R.E. Evenson 1991. Agricultural research productivity in Pakistan. Discussion Paper No. 
644, Econ. Growth Centre, Yale Univ., New Haven. 

Coelli, T.J., D.S.P. Rao, C.J. O’Donnell and G.E. Battese 2005. An introduction to efficiency and productivity 
analysis. 2nd ed, Springer, New York. 

Ellahi, M., E. Fleming and R. Villano 2010. Explaining inter-provincial inequality in agricultural productivity growth 
in Pakistan. Spatial Econ. Analys. 4(5): 441-462. 

Ellahi, M., E. Fleming and R. Villano 2009. ‘Growth in Pakistan’s agricultural productivity with reference to technical 
change and technical efficiency: An inter-provincial analysis’ Seminar on Water Costing held on March 07, 
2009 at Water and Power Dev. Authority (WAPDA), Planning & Design Div. (Water), WAPDA House, 
Lahore, Pakistan. 

Ellahi, M., E. Fleming and R. Villano 2009a. ‘Varying agricultural productivity growth in Pakistan: An inter-
provincial analysis’ J. Agric. Training & Dev. 2(2): 1 – 22, Regional Agric. Econ. Dev. Centre, Vehari, 
Pakistan. 



Mahboob Ellahi et al. Spatio-temporal growth in livestock productivity in Pakistan …  316 

Ellahi, M. 2007. Total factor productivity growth and technical efficiency in Pakistan’s agriculture: An inter-
provincial analysis. Res. Report for a Post-Doctoral Fellowship, School of Business, Econ. & Public Policy, 
Univ. of New England, Armidale. 

Govt. of Balochistan. 2010a. Estimates of charged expenditure and demands for grants (Current Expenditure). Vol. III 
(Part C), Finance Deptt. Quetta, Pakistan. (various issues). 

Govt. of Balochistan. 2010b. Public Sector Development Programme 2010-11. Planning & Dev. Deptt. Quetta, 
Pakistan. (various issues). 

Govt. of Balochistan. 2010c. Balochistan development statistics. Bureau of Statistics, Quetta (various issues). 

Govt. of KP. 2010a. Estimates of charged expenditure and demands for grants (Current Expenditure). Vol. III (Part C), 
Finance Deptt. Peshawar, Pakistan (various issues). 

Govt. of KP. 2010b. Medium term development framework 2010-13: Development programme 2010-11’ Vol. I - II, 
Planning & Dev. Deptt. Peshawar, Pakistan. (various issues). 

Govt. of KP. 2010c. KP Development Statistics. Bureau of Statistics, Peshawar, Pakistan. (various issues). 

Govt. of KP. 2010d. White Paper: 2010-11. Finance Deptt. Peshawar, Pakistan. 

Govt. of Pakistan. 1984. 1981 Census report of Pakistan. Census Report No.69, Popul. Census Org. Statistics Div. 
Islamabad, Pakistan. 

Govt. of Pakistan. 1992. Public Sector Development Programme 1991-92: Summary Tables. Finance Div. Islamabad, 
Pakistan. (various issues). 

Govt. of Pakistan. 2002. 1998 Census Report of Pakistan. Popul. Census Org. Statistics Div. Islamabad. 

Govt. of Pakistan. 2003. Agricultural census 2000, All Pakistan Report. Vol. 1, Agric. Census Org. Statistics Div. 
Islamabad, Pakistan. 

Govt. of Pakistan. 1978. Livestock census 1976, All Pakistan Report. Vol. 1, Agric. Census Org Statistics Div. 
Islamabad, Pakistan. 

Govt. of Pakistan. 1987. Seventh five year plan 1988-93 and perspective plan (1988-2003). Vol. I, Planning 
Commission, Islamabad, Pakistan. 

Govt. of Pakistan. 1988. Livestock census 1986, All Pakistan Report. Vol.1, Agric. Census Org. Statistics Div. 
Islamabad, Pakistan. 

Govt. of Pakistan. 1994. Eighth five year plan 1993-98. Planning Commission, Islamabad, Pakistan. 

Govt. of Pakistan. 1998. Livestock census 1996, All Pakistan Report. Vol.1, Agric. Census Org. Statistics Div. 
Islamabad, Pakistan. 

Govt. of Pakistan. 2008. Livestock census 2006, All Pakistan Report. Vol.1, Agric. Census Org. Statistics Div. 
Islamabad, Pakistan. 

Govt. of Pakistan. 2009. Annual plan 2009-10. Planning Commission, Islamabad, Pakistan. 

Govt. of Pakistan. 2009. The New vision for Pakistan, investing for people, 10th Five year plan 2010-15: Approach 
paper. Planning Commission, Islamabad, Pakistan. 

Govt. of Pakistan. 2010a. Agriculture Statistics of Pakistan 2008-09. Food & Agric. Div. (Planning Unit), Islamabad, 
Pakistan (various issues). 

Govt. of Pakistan. 2010b. Demand for grants and appropriations (White Book). Finance Div. Islamabad, Pakistan 
(various issues). 

Govt. of Pakistan. 2010c. Economic Survey. Econ. Advisor’s Wing, Econ. Affairs & Finance Div. Islamabad, 
Pakistan (various issues). 

Govt. of Pakistan. 2010d. Federal Government Public Sector Development Programme 2010-11. Planning 
Commission, Islamabad, Pakistan. 

Govt. of Pakistan. 2010e. Final report of the panel of economists: Medium-term development imperatives: A strategy 
for Pakistan. Planning Commission, Islamabad, Pakistan. 

Govt. of Pakistan. 2010f. Labour force survey. Federal Bureau of Statistics, Statistics Div. Islamabad, Pakistan. 

Govt. of Pakistan. 2010g. Monthly statistical bulletin. Federal Bureau of Statistics, Statistics Div. Islamabad, Pakistan. 

Govt. of Pakistan. 2010h. Pakistan Statistical Year Book. Federal Bureau of Statistics, Statistics Div. Islamabad, 
Pakistan. 

Govt. of Pakistan. 2011. Pakistan: Framework for economic growth. Planning Commission, Islamabad, Pakistan. 

Govt. of Punjab. 2010a. Estimates of charged expenditure and demands for grants (Current Expenditure). Vol. II, 
Finance Deptt. Lahore, Pakistan (various issues). 

Govt. of Punjab. 2010b. Medium term development framework 2010-13: Development Programme 2010-11. Vol. II, 
Planning & Dev. Deptt. Lahore, Pakistan (various issues). 

Govt. of Punjab. 2010c. Punjab Development Statistics. Bureau of Statistics, Lahore, Pakistan (various issues). 



Sarhad J. Agric. Vol.28, No.2, 2012 
 

317 

Govt. of Sindh. 2010a. Annual Development Programme. Planning & Dev. Deptt. Karachi, Pakistan (various issues). 

Govt. of Sindh. 2010b. Estimates of charged expenditure and demands for grants (Current Expenditure). Vol. III (Part 
B), Finance Deptt. Karachi, Pakistan (various issues). 

Govt. of Sindh. 2010c. Sindh development statistics. Bureau of Statistics, Karachi, Pakistan (various issues). 

Ho, C.S.F. and M. Ariff. 2004. Foreign exchange market equilibrium in closely trading regions: A test of purchasing 
power parity. A Working Paper, Deptt. of Accounting & Finance, Monash Univ. 

Khan, M.H. 1994. The structural adjustment process and agricultural change in Pakistan in the 1980s and 1990s. 
Simon Fraser Univ. Vancouver. 

Khan M.H. 1997. Agricultural ‘crisis’ in Pakistan: Some explanations and policy options. Pakistan Dev. Rev. 36(4), 
419-459. 

Murgai, R., M. Ali and D. Byerlee. 2001. Productivity growth and sustainability in post-green revolution agriculture: 
The case of the Indian and Pakistan’s Punjab. World Bank Res. Observer. 16(2), 199-218. 

Rosegrant, M.W. and R.E. Evenson. 1993. Agricultural productivity growth in Pakistan and India: A comparative 
analysis. Pakistan Dev. Rev. 32(4), Part I, 433-451. 

Wizarat, S. 1981. Technical change in Pakistan’s agriculture: 1953-54 to 1978-79. Pakistan Dev. Rev. 20(4), 427-445. 

World Bank. 2007. Pakistan: promoting rural growth and poverty reduction. Washington, D.C. 

Tornqvist, L. 1936. The bank of Finland’s consumption price index. Bank of Finland Monthly Bullet. 10, 1-8. 

  


