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ABSTRACT 

The present study estimated Total Factor Productivity (TFP) growth of Pakistan’s 
agriculture, using Tornqvist- Theil index number approach for the period 1971-2006. 
Most of the conventional inputs used in the production process in Pakistan’s agriculture 
were included in the analysis of TFP estimation. Output and input quantity data of crop 
and livestock sub-sectors along with their prices were utilized in constructing output 
quantity index and input quantity index, respectively. The data on poultry meat, wheat 
straw and concentrates were used for the first time in TFP estimation of agriculture. The 
time series data for twenty nine crops and four livestock categories from 1971 to 2006 
were collected from different publications/official sources. The average annual TFP 
growth of agriculture was estimated to be 2.14 percent for the study period and it 
contributed about 56 percent to total agricultural output growth. The results also 
indicated that TFP growth in agriculture sector was highest (2.86 percent) during the 
last six years of the study period while lowest (0.96 percent) during the decade of 70s. 
The decades of 80s and 90s registered average TFP growth rate in agriculture of 2.24 
and 2.46 percent, respectively. Total factor productivity growth contributed about 33, 53, 
81 and 83 percent to agricultural output growth during the decades of 70s, 80s, 90s and 
in the last six years of the study period, respectively. The analysis of TFP growth during 
different time periods revealed that fluctuations in the total factor productivity growth 
were due to public interventions, macroeconomic policies and weather conditions. 
 
The main objective of the study was to identify the macro determinants of total factor 
productivity growth of agriculture in Pakistan. The data for TFP index of agriculture is 
not maintained in any official document in Pakistan, so the study set the first objective to 
estimate TFP of agriculture. Thus TFP index estimated in first stage analysis was used 
as dependent variable in second stage analysis. ADF- test was applied on data series of 
different macro variable and TFP index to check the unit root. The non-stationary 
variables were made stationary by differencing once. The long-run relationship between 
TFP index and the macro variables, integrated of I(1) was examined by the Johansen’s 
method. The coefficients of primary school enrolment and road length were found 
significant and positive in the long-run and non-significant in the short-run. The 
coefficient for the variable of credit disbursement to agriculture sector as percent of 
agricultural GDP was positive but non-significant both in the long-run and short-run. 
The inflation had significant negative affect on TFP of agriculture. The variable of sum 
of agricultural exports and imports as percent of agricultural GDP was significantly and 
positively associated with productivity growth. Real per capita income also showed a 
positive but insignificant impact on productivity growth. Over all, the results showed that 
policies which promote human capital, increase credit resources, improve 
infrastructural development, facilitate openness of agricultural economy, ensure 
macroeconomic stability and rise real per capita income with equitable distribution; 
would lead to improve total factor productivity growth in Pakistan’s agriculture.  
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      Chapter 1 
________________________________________________________________________ 

Introduction 
______________________________________________________ 
 
In Pakistan, agriculture is the single largest sector of the economy, a dominant driving 

force for growth and the main source of living for the majority of country’s population. It 

accounts for 21.2 percent of the Gross Domestic Product (GDP) and provides 

employment to about 45 percent of the total labor force. It contributes to economic 

growth as a supplier of raw materials to industry as well as a market for industrial 

products and is also the main source of foreign exchange earnings. In spite of modest 

growth of 1.2 percent in agriculture sector recorded in 2010-11, it still provides much 

needed support to boost exports, revival of manufacturing sector and responsible for 

upbeat in the consumption. Thus whatever happens to agriculture is likely to affect not 

only the growth performance of the country but to a large segment of the country’s 

population as well (GOP, 2011). 

 
1.1 Agricultural Growth and Pakistan’s Economy 
 

The average annual growth rate of about 3.46 percent in agriculture over the last six 

decades has exceeded the population growth rate of about 2.58 percent. This growth rate 

in agriculture has been sustained by the technological progress embodied in the high 

yielding varieties of grains and cotton, with supporting public investment in irrigation, 

agricultural research and extension, and physical infrastructure. Agricultural growth, in 

turn, has made significant contribution to the overall economic growth of 5.03 percent 

per year during the same period1. The point of distress is that despite this performance, 

Pakistan imports substantial quantities of food items as wheat, edible oils and pulses.  

 

In the previous decade, agriculture growth has experienced mixed trends. The country 

witnessed record drought during the first two years of the first decade of 21st century, 

                                                 
1 The average annual growth rates of 3.46 percent, 2.58 percent and 5.03 percent in agricultural GDP, 
population and overall GDP, respectively have been calculated from the time series data on these variables, 
obtained from website of State Bank of Pakistan (www.sbp.org.pk). 
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which resulted in reduction of agricultural value added. In the next years i.e. 2002-03 and 

2004-05, relatively better availability of irrigation water had influenced the overall 

agricultural growth positively and this sector exhibited modest to strong recovery. Again 

the performance of agriculture remained weak during 2005-06 because the crop sector, 

particularly major crops could not perform up to the expectations. Growth in agriculture 

sector again registered a sharp recovery in 2006-07 and grew by 5 percent as against the 

preceding year’s growth of 1.6 percent. From 2007-08 to 2009-10, agriculture again 

showed mixed trends in its growth rates, ranging from 0.6 to 4 percent (GOP, 2011). In 

Pakistan, GDP growth of the economy is highly correlated with agricultural growth. The 

growth in agriculture significantly contributes to the performance of the overall economy. 

Figure 1.1 and Appendix 1 clearly depicts the blueprint of growth rates of agriculture and 

the economy as a whole2. 
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Figure 1.1: Trends in Economy and Agricultural GDP Growth Rates in Pakistan: 

                    1950- 2010 

Source: GOP, Various Issues 

Note: GDP GR= Gross Domestic Product Growth Rate   

 

                                                 
2 Figure 1.1 has been constructed from the time series data on these variables, reported in different issues of 
economic surveys of Pakistan (GOP, various issues). 
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Agriculture as being considered the engine of national economic growth and the main 

deriving force for development of Pakistan  needs a consistent pattern in its own growth 

rate3. But the average annual growth rate of agriculture in Pakistan shows an unstable 

trend with a highest positive growth rate of 15 percent in the year 1954-55 and the lowest 

negative growth rate of 9 percent in the year 1952-53. This fluctuation in the growth rate 

of agriculture clearly throws its effects on the overall economy of Pakistan. The volatile 

trend in the growth rate of agriculture is presented in Figure 1.1 and also in Appendix 1. 

 

In general, the level of change in Pakistan’s economy over the last six decades can best 

be explained in the Figure 1.2 and in Appendix 1. In 1950 agriculture contributed more 

than 53 percent to Gross Domestic Product (GDP) of Pakistan; in 2009-10 this share was 

reduced to 21.2 percent, despite all the progress that was made in agriculture following 

the green revolution. It shows that in 1950, more than half of Pakistan’s Gross Domestic 

Product (GDP) came from agriculture. By 2010, that contribution was reduced more than 

halve (21.2 percent). Pakistan’s agricultural sector’s share has declined consistently over 

time. Despite all the decline of its share to Gross Domestic Product (GDP), agriculture is 

still important one as being the single largest sector of the economy of Pakistan (GOP, 

2011). 

 

 

 

 

 

  

                                                 
 
3 Schultz (1964) explained the growth potential of agriculture by observing that “there are no basic reasons 
why the agriculture sector of any country cannot contribute substantially to economic growth. Agriculture 
cannot contribute to economic growth only by using traditional factors, but this sector is capable of making 
a large contribution to economic development as in the case of modernized agriculture. There is no longer 
any room for doubt whether agriculture can be a powerful engine of growth”. 
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Figure 1.2:  Share of Agriculture Sector to GDP of Pakistan (%): 1950-20104 

 Source: (htpp://www.sbp.org.pk) 

 

1.2 Composition of Agriculture Sector 

 

Agriculture sector in Pakistan consists of sub sectors as crop, livestock, forestry and 

fisheries. The crop sub-sector comprises of major crops (primarily wheat, cotton, rice, 

sugarcane, maize and gram) and minor crops (pulses, potatoes, onions, condiments etc). 

The internal composition of the agriculture sector has also changed overtime and share of 

crop sub-sector in agriculture has gradually declined from 65 percent in 1990-91 to 41.9 

percent in 2010-11. By contrast, the share of livestock in the agriculture has increased 

from 30 to 55.1 percent during the same period. Within the agriculture sector, livestock 

sub-sector plays a vital role in the life of farmers and in economic development of the 

developing countries. It provides food, income, employment and many other 

contributions to rural development. But despite the increasing contribution of the 

livestock sub-sector, which includes poultry sector as well, it has not yet achieved the 

level needed to provide sufficient amount of milk and meat (beef, mutton and poultry) for 

the growing population. High population growth and improving living standard increased 

the demand of livestock products. Pakistan is spending substantial amount of foreign 

exchange on imports of livestock and livestock products, especially meat and milk. It is 

                                                 
4 Figure 1.2 has been constructed from the time series data on the share of agricultural sector to GDP of 
Pakistan, taken from the website of State Bank of Pakistan (htpp://www.sbp.org.pk). 
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due to the fact that in Pakistan, livestock productivity is very low as compared to 

developed countries, mainly due to underfeeding (Abrar, et al., 2002). An alternative of 

increase imports would be to improve/increase productivity of meat and milk. That is 

why, the present study included meat (beef, mutton and poultry meat) and milk in the 

estimation of total factor productivity.  

 

During 2010-11, livestock sub-sector registered a growth of 3.7 percent. Its contribution 

to national GDP was 11.5 percent, which was higher than the contribution made by the 

entire crop sub-sector. Thus, the role of livestock in the rural economy of Pakistan is very 

critical (GOP, 2011). Crop and livestock sub-sectors account for a large share of 

agricultural output while the contribution of fishing and forestry have historically been 

low and insignificant in the Gross Domestic Product (GDP); 1.9 and 0.4 percent, 

respectively (GOP, 2011). Therefore, for the purpose of estimation of productivity 

growth of agriculture sector in Pakistan, the study included only these major sub-sectors 

i.e. crop and livestock in the analysis. 

 

1.3 Sources of Agricultural Output Growth 

 

An increase in agricultural production can result from an increase in the use of inputs 

(horizontal expansion)5 and from an increase/improvement in the productivity (vertical 

expansion)6. As under the first component of agricultural growth, cultivated land, 

agricultural labor force, capital, water availability at the farm gate, fertilizer and pesticide 

consumption are the basic physical inputs being employed in the production process of 

agriculture in Pakistan. All these inputs have gained the potential level of their use and 

the growth in the use of these critical inputs is now slow as shown in the Table 1.1. This 

Table shows the actual amounts of inputs used in the agricultural production process for 

the given time period. The production and per hectare yield of major crops in Pakistan 

                                                 
5 See (Young, 1992; Kim and Lau, 1994; Krugman, 1994; Collins and Bosworth, 1997). 
6 Rosegrant and Evenson (1993) estimated Total Factor Productivity (TFP) in the early green revolution 
period and found that Total Factor Productivity (TFP) growth accounted for about one-third of total output 
growth of agriculture in Pakistan over the period of study (1956-1985). Also see (Wizarat, 1981; Khan, 
1994, 1997; Sabir and Ahmad, 2003; Ali, 2004; and Ahmad & Bukhari, 2007).  
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during the same period grew relatively faster as compared to input consumption. As such, 

improvement in agriculture sector may be attributed generally to productivity growth. 

The production and per hectare yield (2000-2010) of major crops are presented in 

Appendix 2 and 3, respectively. 

 

Table 1.1:  Growth of Input Use in Pakistan’s Agriculture: 2000 to 2010 

Year Cultivated 
Land (MH) 

Labor Force 
Employed in  
Agriculture 
Sector 
(Million) 

Fertilizer Off-
Take (000 N 
Tones) 

Pesticide 
Application 
 (000 
Tones) 

Water 
Availability 
for use at 
Farm Gate 
(MAF) 

2000 22.04 18.07 2832 26124 134.77 

2001 22.12 18.47 2964 21255 134.63 

2002 21.85 16.68 2929 31783 134.48 

2003 22.95 17.03 3020 22242 134.78 

2004 22.78 18.26 3222 41406 135.68 

2005 23.13 18.60 3694 41561 135.85 

2006 23.13 20.54 3804 33954 137.78 

2007 23.56 22.18 3672 29089 137.80 

2008 23.85 22.66 3581 27814 142.44 

2009 23.85 23.76 3711 28839 142.86 

2010 23.67 24.19 4360 24831 133.70 

Source: (GOP, 2011) 
Note: MH= million hectare,    MAF= million acre feet          

            
Scarcity of resources has been recognized as a limiting factor in the process of economic 

growth. It is relevant to mention here that output expansion based on increased use of 

resources may be sufficient but it cannot be sustainable. Therefore, efficiency or 

productivity of resources becomes a critical factor in economic growth (Mongia and 

Sathaye, 1998). One of the path-breaking discoveries in economic history is that a large 

part of the increase in output cannot be explained by the traditional factors of production 

(Abramovitz, 1956; Solow, 1957). Thus, in today’s highly competitive era where trade 

barriers in the international market are lessening, survival of any industry including 

agriculture depends on its cost advantage over others. The rising productivity levels, 
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which are associated to lower costs and increased production play a crucial role in the 

economic growth of a nation and also ensure sustained competitiveness in global 

markets. 

 

The second component of agricultural growth is the increase/improvement in productivity 

(Rosegrant and Evenson, 1993). Productivity is like love and much is said about the 

benefits of having more of it, but disagreement exists on how best to achieve it. One 

reason for this is a lack of consensus on what “it” really is. Many economists are also not 

familiar with the methods that are used for measuring aggregate productivity. 

Productivity is simply the ratio of output to inputs. Generally two types of indicators have 

been used to measure the growth in productivity. These are partial factor productivity and 

total factor productivity. Partial factor productivity measures are the ratios of output to a 

single production factor. The most commonly used indicator of measuring the partial 

factor productivity in the literature is land productivity. Its chief limitation is that 

productivity can be affected by changes in the factors other than the factors in the index. 

Where as, total factor productivity measures the amount of increase in total output not 

accounted for by increases in total inputs. The Total Factor Productivity (TFP) index is 

computed as the ratio of an index of aggregate output to an index of aggregate inputs. 

The growth in total factor productivity, therefore, is the growth in total output less the 

growth rate in total inputs (Rosegrant and Evenson, 1992). Total factor productivity 

measures are sometimes used to compare productivity in different locations but chiefly to 

compare productivity gains overtimes. 

 

The more important, however, is the rate of change of total factor productivity over time 

i.e. technological progress. Technological capability, the learning process of production 

and engineering management improves the production function, hence productivity 

levels. More output would be produced with the same level of inputs. The rate of change 

of Total Factor Productivity (TFP) is estimated as the growth rate in output minus the 

contribution of growth in inputs, i.e., what remains after the determinants that can be 

measured (land, labor and capital), are accounted for. Total factor productivity captures 

anything that changes the relation between measured inputs and measured output. The 
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year to year specific Total Factor Productivity (TFP) values may fluctuate; hence Total 

Factor Productivity Growth (TFPG) is best considered in terms of productivity trends 

over a period of time (Oum et al., 1999). Total factor productivity Growth (TFPG) is 

obtained as difference between the rates of growth of real product and real factor inputs 

(Jorgenson and Griliches, 1967). It is clear that growth in agricultural productivity can be 

viewed as essential condition or even pre-condition for growth in the rest of the economy. 

 

1.4 Decomposition of Productivity Growth 

 

Productivity growth is decomposed into technical change and technical efficiency 

(Kaliragan et al.,1996). Fecher and Pestieau (1993) states that gain in output, which is not 

explained by the variations in inputs, is regarded as the contribution of growth in Total 

Factor Productivity (TFP) that combines the effect of technical change and the technical 

efficiency. This decomposition into technical progress and change in technical efficiency 

provide more information on the state of the production technology. Decomposition 

analysis facilitates in examining whether technical progress is stagnant overtime and 

whether the given technology has been used in such a way to realize the full potential. 

From the policy point of view, these questions are important because without using the 

existing technology to its full potential level, embarking on introducing new technologies 

is not meaningful (Kalirajan et al., 1996) 

 

Technological change is defined as the decrease in the distance between the firm’s 

realized output and its potential output (Quddus et al., 2006). Technological change shifts 

the production frontier from F1 to F2 shown in the Figure 1.3 above. In period 1 and 2, 

the producer faces production frontier F1 and F2, respectively. If the production is 

perfectly efficient, output would be y1* in period 1 and y2*`` in period 2. The output is 

y1 in period 1 and y2 in period 2, owing to production inefficiency. Technological 

change is measured by the distance between the frontier F2 and the frontier F1, difference 

in production which is y2*``- y1*. On the other hand, inefficiency is measured by the 

distance between frontier and the output realized by the producer i.e. y1 in period 1 and 
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y2 in period 2. Technical inefficiency is measured by the vertical distance between the 

frontier F2 and frontier F1 i.e. y2*``-y2 using input X2 or y1*-y1 using input X1 level. 

 

The upward shift in the frontier causes improvement in TFP as productivity increase with 

the same set of resources due to adoption of new technology. On the other hand, 

production frontier does not shift by the change in efficiency and the improvement in the 

technical efficiency in the resource use, results in the increase of total factor productivity. 

This is evident from the Figure 1.3 below that with the same set of resources and 

remaining on the same production frontier, there is gap in output i.e. T11 on the frontier 

F1 and T12 on the frontier F2. This gap is only due to technical inefficiency which is a 

part of total factor productivity. Thus, Figure 1.3 explains that Total Factor Productivity 

(TFP) may change either due to change in technical progress or due to change in 

technical efficiency. The literature on total factor productivity generally presents 

evidence to the effect that improvement in total factor productivity in developing 

countries can be attributed more to improvements in technical efficiency than to technical 

change. 

 

Figure 1.3: Decomposition of Total Factor Productivity Growth (TFPG) 

Source: Reproduced from Kalirajan et al., 1996 
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1.5 Solow’s Growth Theory 

 

Growth theory, like much in macroeconomics, was a product of the depression of 1930s. 

There have been three waves of interest in growth theory. The first was associated with 

the work of Harrod (1948) and Domar (1947). The second wave was the development of 

neoclassical model based on Solow’s growth theory and the third wave i.e. endogenous 

growth theory began as a reaction to omissions and deficiencies in the neoclassical 

model. Endogenous growth theory attempts to model the endogenous components of 

technological progress as an integral part of the theory of economic growth.  

 

Solow was among the first economists to construct econometric studies of U.S data in 

order to understand the sources of outstanding long-run growth, the country had 

experienced over the century. Having convinced himself that total factor productivity was 

a dominant source of growth and having recognized the pitfalls of the Harrod-Domar 

model, he proceeded to develop the neoclassical model of economic growth. However, 

before developing a dynamic general equilibrium model, he examined the effects of 

technological progress on the aggregate production function. 

 

Economists found it difficult to define and formalize the total factor productivity. As 

Abramovitz (1989) pointed out that various economists supposed the measured residual 

in output growth throughout the 20th century in different ways. Most economists agree 

that the technological residual incorporated growth in human capital achieved by 

investing resources in schooling, on job training and health etc. Yet, some economists 

attributed the growth pattern to the development of economies of scale, which allows 

larger productivity gains and investment in research and development activities. Finally, 

some economists believed the residual captured to continual reallocation of production 

resources towards economic activities in which they possessed a comparative advantage. 

 

Thus, in order to generalize the TFP of an economy, Solow (1957) constructed an 

aggregate production function, which represented aggregate output as a function of labor, 

capital, and neutral technical change. Moreover, technical change was modeled to shift 
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the production function from its original position and thus generate new level of 

aggregate output in the economy.  

 

In particular, Solow (1956) point out that unexpected shock in the economy may arise 

because of technological advancements. Moreover, if the economy enjoys neutral 

productivity changes, a technological improvement generates higher growth rates in both 

capital and output. This favorable change in turn raises consumption and saving, which 

allows for greater investment and further capital accumulation. Finally, the neoclassical 

model suggests that either fiscal or monetary policy can affect the growth path of the 

economy. It becomes apparent that economics require a model that determines the 

optimal level of each macroeconomic parameter, such that society’s utility and economic 

growth are maximized.  

 

Furthermore, the formalization of the neoclassical model and the universal functional 

demonstration gave rise to numerous empirical studies around the world. Islam (1995) 

attempted to explain changes in average growth rates of various countries by performing 

cross-sectional regression analysis on different political and economic factors. Similarly, 

others including Mankiw et al., (1992) made significant empirical and theoretical 

contribution to the neoclassical growth model. Technological progress, as an endogenous 

growth component of the economy raises the most fundamental extension of the 

neoclassical model. The Solow’s growth theory is continuously enriched, as economists 

are actively searching for the accurate sources of economic growth around the world.       

 

1.6 Macro Economy and Total Factor Productivity (TFP) of Agriculture      

      Sector 

 

Pakistan with its sizable agricultural sector has to face a number of problems. Low 

production and low productivity are at the core of agricultural problems in Pakistan. The 

productivity of agriculture is relatively low in Pakistan compared to other countries (See 

Appendix 4). There have been some improvements in recent years but conditions in 

agriculture have not changed much. The factors responsible for the backwardness of 



 12

agriculture can be classified into demographic factors, general factors, institutional 

factors, macroeconomic factors, and technologies factors (Bashir, 2000). 

 

The role of productivity in accelerating the pace of economic growth is well recognized 

in the literature.7 In the neo-classical growth accounting framework, the growth of output 

is a summation of the growth of input accumulation and of the productivity growth. Thus, 

for a given combination of factor inputs, the shifts in the production frontier are 

considering by improvements in productivity. In the neo-classical paradigm, efficiency or 

technological progress is being treated as an exogenous process8. These models have 

been challenged by endogenous growth theorists, who assume that the technological 

process is an endogenous process and can be quantified as total factor productivity9. The 

endogenous growth theorists allows government policies to effect technological process 

which in turn are reflected in total factor productivity and hence in growth. This means 

that several determinants are there which can affect output indirectly, through affecting 

the efficiency of resource use and technological breakthrough.  

 

As endogenous growth theorists view that different factors have some role to play in 

determining how much agricultural output a country can produce. For example, factors of 

production such as the size of the labor force, cultivated area and the capital stock 

certainly matter; but, a large number of other things such as, education, government 

regulations, infrastructural development and economic policies have their role to play. 

The theory of economic growth has to make a choice among these factors which 

emphasize as the main source of productivity growth. Instead of comparing and 

                                                 
7 Jorgenson (1961, 1967) recognized productivity in agriculture as a precondition for industrial growth. 
World Bank (1982) declared that growth in developing countries depended on productivity growth in 
agriculture. Dholakia and Dholakia (1993) also explained that productivity growth in agriculture had been 
the prime deriving force for acceleration of economic growth in India. Akinlo (2005), Jorgenson et al. 
(2006) and Keith et al. (2007) justified the role of productivity in accelerating the pace of economic 
growth. Donnell (2009) described that improvement in agricultural productivity was fundamental pre-
condition for economic development. 
8 Ramsey Optimal Growth Model (1928), Solow Growth Model (1956), Samuelson Overlapping      
Generation Model (1958). 
9  The details of endogenous growth theory and criticism on exogenous growth models have been given by 
Lucas (1988), Romer (1986, 1990), Grossman and Helpman (1991), Stokey (1991), Young (1991, 1993), 
Aghion and Howitt (1992), Martin and Sunley (1998).  
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evaluating different theories, the present study has included those factors which are 

considered important for productivity growth. 

 

Economists, since Solow (1957) explain growth by the accumulation of factor inputs and 

the total factor productivity growth10. The growth accountings generally search for the 

additional determinants of total output. However, the effect of most of the macro 

variables still remains an open issue with no clear conclusion (Akinlo, 2005). In recent 

economic literature, specifically in developed and industrialized countries, several studies 

have attempted to examine the impact of macroeconomic policies on total factor 

productivity growth11. Some studies can also be referred to from developing economies 

which examined the impact of macro variables at aggregate level only12. 

 

Important determinants like human capital development, infrastructure development, 

vintage of capital, public and private investments, credit resources, openness of the 

economy, extent of exposure to foreign competition, learning by doing etc can have their 

effect on total factor productivity of agriculture. This has important implications on the 

strategy, which needs to be adopted for raising total factor productivity (Ahmad and 

Bukhari, 2007). 

 

As has already been mentioned that in Pakistan, few studies are there which estimated 

TFP of agriculture sector and also of the economy as a whole. The series of such kind of 

studies started from Wizarat, 1981 to the work of Kiani et. at., 2008. Most of the studies 

explained that the contribution of total factor productivity growth to agricultural output 

growth is more than 50 percent. As has been mentioned earlier that different factors are 

responsible for total factor productivity growth of agriculture, and among them are the 

macroeconomic factors, directly or indirectly influencing the Total Factor Productivity 

                                                 
10Raymond and Harold (1964) has also described that increase in agricultural output comes from two 
sources: use of additional inputs and increased productivity resulting from improved technology and 
efficiency.  
11 See Englander and Gurney (1994), Edward (1998), Miller and Upadhyay (2002).  
12 See Hercowitz et al., (1999), Golder and Kumari (2002), Akinlo (2005), Khan (2006) and Ahmad & 
Bukhari (2007). 
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(TFP) growth (Akinlo, 2005). Empirical studies regarding this aspect particularly for 

agriculture sector are missing so far in Pakistan13. 

 

 1.7 Rational of the Study 

 

As in many other developing countries, agriculture in Pakistan faces considerable 

challenges in the 21st century. The current population of Pakistan is about 177.1 million, 

growing at about 2.05 percent per annum, is estimated to be third populous country in the 

world by the year 2050 (GOP, 2011). Such a huge rise in the size of population is indeed 

termed as an important constraining factor for achieving the overall national development 

goals and sustained economic growth. The increase in population increases the demand 

for food (cereals and livestock products) which leads towards the increase of agricultural 

productivity. 

 

Recent projections for future food supply and demand, call for sustained efforts for 

increasing production of essential agricultural products, particularly of food items. With 

continual population growth, a diminishing supply of per capita arable land, limits to 

further expansion of cultivated land, slowing returns to further input intensification and 

relatively high income elasticity of food in developing countries like Pakistan, there is 

growing need for food supply increases that could only originate from productivity 

growth rather than increase in inputs (Ali, 2005). 

 

The improvement in crop production in the beginning of 20th century was mainly 

attributed to increasing cultivated area and not to the improvement in agricultural 

productivity. With the passage of time, as the technology of crop production improved 

and basic input were made available by the end of this century, agricultural productivity 

mainly improved due to increase in per acre yield, particularly in all the developed 

countries. This is actually the transition from natural resource based to a science-based 

system of agricultural production. Due to input intensification in agriculture in Pakistan, 

                                                 
13 No study in Pakistan has been conducted yet which identified separately the macro determinants of Total 
Factor Productivity (TFP) growth of agriculture. 
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the need of the time is to transfer from natural resource based to scientific based system 

of agricultural production. It is recognized that a rapid growth of agricultural output 

steadily improves the welfare of the majority of the population and helps to achieve 

general macroeconomic objectives. Therefore, a sustainable growth in agricultural 

production has been a major goal of Pakistan’s economic policy which may achieve only 

through enhancement in productivity of agriculture rather than increase in inputs. 

 

There have been few estimates14 of productivity growth in Pakistan and even fewer 

attempts15 to identify and examine the impact of the macro variables on total factor 

productivity growth. These estimates then form the basis of subsequent analysis in which 

impact of macro variables on total factor productivity growth of agriculture were 

investigated. In Pakistan, given the paucity of data, there have been only few studies so 

far as noted above and all of them except, Khan (1997) and Ali (2004) used the data on 

crop production, excluding livestock16. Similarly no official bureau is there in Pakistan 

which maintain total factor productivity index for agriculture sector and there is no 

effective mechanism for monitoring changes in the efficiency of resource use and 

assessing the sustainability of various policy approaches. 

 

The present research tries to highlight the effect of public policies and other economic 

measures on Total Factor Productivity (TFP) growth of agriculture in Pakistan. 

Analyzing total factor productivity of Pakistan’s agriculture, using time series data is 

important for two reasons. First, in the past few years, Pakistan has been experiencing 

very high growth in the region and it is important to know the latest growth accounting. 

Secondly, the Pakistan government has implemented many wide ranging economic 

reforms since 1999- 2000. It is important to know how these macro policy reforms have 

impacted total factor productivity. As these reforms are implemented with different vigor 

in different sectors, thus agriculture being the main pillar of our national economic 

                                                 
14 Wizarat (1981 & 1989), Kemal and Islam (1992), Kemal and Qadir (2002), Pasha et al., (2002),  Ali 
(2004), Ali (2005) and Kiani et. at., (2008). 
15 Pasha et al., (2002), Sabir and Ahmad (2003), Khan (2006), Ahmad and Bukhari (2007). 
16 As livestock contributes about 55 percent to the agriculture growth which is even more than the crop 
sector share in agriculture GDP, thus it is not justifiable to exclude livestock sector while estimating Total 
Factor Productivity (TFP) of agriculture sector in Pakistan. 
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growth needs much more attention. Therefore, researcher investigated the impact of these 

macroeconomic factors on total factor productivity growth of agriculture sector in 

Pakistan in order to explain the fluctuations in agricultural growth and in overall 

economic growth. On the basis of the importance and contribution of productivity growth 

to agricultural output growth and the role which different macro variables can play in 

determining the total factor productivity growth of agriculture sector in Pakistan, the 

following specific objectives for the present research have been set and investigated. 

 
1) To estimate Total Factor Productivity Growth of agriculture in Pakistan. 
 
2) To identify the macro determinants of Total Factor Productivity Growth of 
 agriculture and to asses their relationship. 
  
3) To suggest policy guidelines and further research avenues for future research. 
 
 
1.8 Structure of the Remaining Thesis  
 

The remainder of this thesis is organized into 7 chapters. Chapter 2 is mainly organized 

into 4 sections. Section 1 discusses the importance of the improvement in agricultural 

productivity. Section 2 discusses how progress in productivity is measured. Theoretical 

issues regarding potential determinants of growth and total factor productivity have been 

discussed in section 3 of this chapter. Some applications of index number approach (for 

estimation of total factor productivity), cointegration procedure (for establishing 

relationship between macro determinants and total factor productivity growth) from 

Pakistan and from other parts of the world have been described in last section of this 

chapter. 

 

Chapter 3 discusses the annual time series output and input data, used in the estimation of 

total factor productivity of agriculture sector in Pakistan for the period 1971 to 2006. 

Time series data on macro variables which have direct or indirect effect on TFP growth 

of agriculture sector have also been reported and discussed in this chapter. Little 

explanation of new variables used in this study for TFP estimation has also been 

highlighted.  Data sources, its transformation and limitations have also been described.  
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Chapter 4 is divided into 2 parts. Part-I discuss the reasons for using the T-T index 

number over other indices and also outline the main theory underlying this index number 

approach. Part-I also describes the empirical methodology employed in the study for 

estimation of total factor productivity of agriculture. Part-II discusses the theoretical 

considerations of cointegration technique which has been applied in the second stage of 

analysis to investigate the impact of macro variables on productivity growth of 

agriculture. The concepts of stationarity and non-stationarity in the time series analysis 

have been explained briefly in this part. Part II also describes the model specification 

used in the present study.  

 

Chapter 5 provides the results of total factor productivity in the form of TFP index, 

output index and the input index. The comparison of total factor productivity of 

agriculture estimated in the present study is also made with the results of the previous 

studies conducted in Pakistan and in other parts of the world. Annual and the decade wise 

total factor productivity growth rates are also presented in this chapter. 

 

Chapter 6 consists of two main sections. First section employs the unit root testing 

procedure developed in Chapter 4 and also presents the results. Section two presents the 

results of cointegration. The long-run relationship(s) among different macro variables and 

total factor productivity of agriculture are examined in this section. The short-run effects 

of the variables which are stationary at level form are also examined. The comparison of 

the results obtained in this section has also been made with the available previous studies. 

The results of Granger-Causality analysis are also presented in this chapter.  

 

Chapter 7 provides summary of the thesis and highlights the contribution of this study. It 

draws some conclusions and derives some policy implications of this research for 

agriculture sector of Pakistan. On the basis of conclusions and research implications, the 

study gives recommendations and suggestions to improve and sustain the productivity 

growth of agriculture in Pakistan. Some potential issues are also noted at the end of this 

Chapter for further research which may be carried out in this field.  
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          Chapter 2 

Review of Literature 

 
The present study focuses on estimating total factor productivity growth of agriculture in 

Pakistan for the period 1971-2006. It also delineates effect of macro determinants on 

agricultural productivity. This chapter summarizes the findings of major studies, 

conducted in Pakistan and in other countries, focusing on estimation of TFP and 

determinants of growth in agricultural productivity. The chapter has been organized into 

four sections. First section, explains reasons and importance of improvement in 

agricultural productivity. Second section discusses the conceptual framework and the 

major approaches used to measure progress in total factor productivity. Theoretical issues 

regarding determinants of growth and total factor productivity are provided in section 

three. The fourth and the last section describes some applications of the index number 

approach, cointegration technique and sources of growth in agricultural productivity from 

Pakistan and  other parts of the world.  

 

2.1 Importance of Agricultural Productivity 

Improvement/increase in agricultural productivity is necessary to alleviate poverty and to 

ensure food security. There are some constraints (limits to expansion in cultivated land, 

slowing returns to further input intensification and high population growth rate) in 

developing countries like Pakistan. These constraints also demand sustainable 

improvement in productivity growth of agriculture. Thus productivity growth assumes a 

central position in meeting the challenges of the future confronting by Pakistan. 

2.1.1 Agriculture Productivity and Poverty Alleviation 

Datt and Ravallion (1996) showed that agricultural productivity reduced poverty both in 

rural and urban areas in India. On the other hand they found that urban growth did not 

alleviate rural poverty. They examined that growth in manufacturing had no impact on 
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reducing the poverty. A cross-sectional examination of the relationship between 

productivity, growth and poverty by Gallup et al., (1997) established a fact that 1 percent 

increase in agricultural productivity led to 1.61 percent increase in income of the poorest 

quintile. Timmer (1997) found that productivity growth in other sectors reduced poverty 

but increased income inequality, whereas agricultural productivity growth did not 

increase income inequality.  

 

Empirical studies have shown that ultimately the growth in total factor productivity in 

agriculture was the backbone for alleviating rural poverty in developing countries (Fan et 

al., 1999; Desai, 2002). While summarizing the previous literature on agriculture growth 

and poverty reduction, Mellor (2001) pointed out that agricultural growth had a profound 

impact on poverty reduction in the developing countries including the reduction of the 

inequity over time.  He further argued that agricultural productivity growth reduced 

poverty effectively because it generated income for poor farmers, which was also the 

source of increased demand for goods and services. This reduced urban poverty as well 

by slowing migration to the urban area. Increase in agricultural productivity also resulted 

in lower food prices that primarily benefit both the urban and the rural poor. Similarly 

agricultural productivity growth derives pro- poor growth, benefiting poor farmers and 

landless laborers by increasing both production and employment. Improvement in 

agricultural productivity also empowers the poor by increasing their access to decision 

making processes and increase their capacity for collective actions etc. Most of the 

studies had unequivocally demonstrated that agricultural productivity growth had a 

profound impact on reducing poverty in Asia. Warr (2001) found that industrial growth in 

India was poverty increasing and the agricultural and service growth was poverty 

reducing. Hassine and Kandil (2009) illustrated that agricultural productivity growth was 

a sound channel for poverty alleviation in the developing countries. 

 

As agriculture is considered an engine for overall economic development, sustained 

agricultural growth at a much higher rate than in the past is crucial for reducing poverty 

in the country. Thus, a new vision calls for improving agricultural productivity in order to 

gain sustained economic growth. High and sustained rate of agriculture growth largely 
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driven by productivity growth will be necessary if Pakistan has to accelerate poverty 

reduction. This is because that agriculture growth has powerful leverage affects on the 

rest of the economy. Agricultural growth benefits both rural and urban poor by providing 

more food and raw material.  

2.1.2 Food security Issues 

Zaidi (1999) illustrated that to insure food security and provision of raw material, 

productivity growth in agriculture sector assumes a central role, particularly when there 

are depressing chances of expansion of cultivated land. Due to limitations in expansion of 

cultivated area, a great deal of future agriculture productivity has to be generated from 

increased farm productivity. Martin and Mitra, (2001) depicted that output growth has 

been able to meet the food demand of increasing population and most of this success was 

accounted for by the fast increase in agricultural productivity, which had outperformed 

manufacturing sector in a majority of countries after 1950. 

Federico (2005) mentioned the importance of continuous and uninterrupted supply of 

food and explained that food was still exclusively produced by agriculture. In the last two 

centuries, world population had increased from about one billion people to more than six, 

but gross agricultural production has increased by 10 times, according to a fairly 

conservative estimate. This increase has made it possible not only to feed the growing 

population, but also to improve its nutritional standards. In traditional societies almost all 

people were undernourished and at risk of starvation. As undernourishment produced 

plagues around 10-15 percent of world population and it reflected mainly among the poor 

entitlements. He stated that without productivity growth in agriculture, the whole process 

of modern economic growth as we have experienced in the last two centuries would have 

been unfeasible. But the causes of past successes are not only important in historical 

perspective. In fact further productivity growth is necessary for the future of humankind. 

Without productivity growth, it would be impossible to reduce under-nutrition and to 

cope with the growing world population which will reach up to 9.6 billions in 2050. 
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Saboor et al., (2006) explained that agriculture in Pakistan is facing a substantial 

challenge in 21st century in terms of food security and survival in the globalize world 

under WTO scenario. Thus maintaining the optimal performance is vital for food and raw 

material demand of the rapidly growing population of Pakistan and for alleviating 

poverty among the rural masses. The demand for food in the country is likely to grow 

rapidly given the low intensity of per capita income.  

 

2.1.3 Challenges for Agriculture in 21st Century 

 

As in many other developing countries, agriculture in Pakistan faces considerable 

challenges in the 21st century. The present population of Pakistan is about 177.1 million, 

growing at the rate of about 2.05 percent per year, is expected to be the third populous 

country in the world by the year 2050. (GOP, 2011). This rapid increase in population 

increases the demand for food and the elasticity of demand for food is high among the 

poor. Recent projections for future food supply and demand forecast large imbalances for 

essential items (wheat, edible oils, meat, milk etc). These large imbalances are calling for 

sustained efforts for increasing production of essential agricultural products, particularly 

of food items. Without an appropriate policy response to this scenario, the quantum of 

imports of essential food items is likely to impose a serious burden on foreign exchange 

earnings of the country as well.  

 

Faced with limits to further expansion of cultivated land and slowing returns to input 

intensification, productivity growth assumes a central role in meeting the challenges of 

the future. The growth rate in cultivated area in Pakistan decreased from 0.32 percent in 

Green Revolution period (1966-76) to 0.28 percent in the post Green Revolution (1986-

2006). However, cultivated area increased from 0.32 percent to 0.5 percent in the input 

intensification period (1975-85). The growth in cultivated area during different time 

periods is shown in Table 2.1. 
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Table 2.1:  Growth Rate of Cultivated Area in Pakistan during Different Periods 

Periods Cultivated Area (%) 

Green Revolution Period (1966-76) 0.32 

  

Input Intensification  Period (1975-85) 0.50 

  

Post Green Revolution Period (1986-2006) 0.28 

Source: Author’s own calculation based on data, GOP, 1997 and 2007. 

 

It is evident from the Table 2.1 that there are little chances to increase cultivated land. 

Moreover, cultivated area may fall even further as more agricultural land is diverting to 

residential and industrial purposes. This implies that more burdens will be placed on 

growth in productivity to meet future cereal demand. After intensification, resource 

degradation was observed in Pakistan’s Punjab due to which overall agricultural 

productivity decreased (Murgai, 1999). 

 

In the past, substantial increases in agricultural productivity were achieved despite a 

public policy environment that favored industrial expansion and discriminated against 

agriculture. It has been argued that growth in crop output and productivity would have 

been higher but for this bias against agriculture (Dorosh and Valdes 1990). There has 

been a growing recognition that agriculture’s performance can be further improved and 

sustained only if it is given an important role in the country’s development strategy and 

its interests not disregarded as in the past. 

 

It is recognized that a rapid growth of agricultural output steadily improves the welfare of 

the majority of the population and helps to achieve general macroeconomic objectives. 

Therefore, a sustainable growth in agricultural production should be a major goal of 

Pakistan’s economic policy which may achieve only through enhancement in 

productivity of agriculture rather than increase in inputs. Ali (2005) also explained that 

with continual population growth, a diminishing supply of per capita arable land, limits to 
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further expansion of cultivated land, slowing returns to further input intensification and 

relatively high income elasticity of food in developing countries like Pakistan, there is 

growing need for food supply increases that could only originate from productivity 

growth rather than increase in inputs. 

 

2.2     Approaches to Measure Total Factor Productivity (TFP) 

 

This section explains the theoretical framework of different approaches, being used to 

measure total factor productivity growth. It also discusses different measurement issues 

and a comparison among different index number approaches. This section also makes an 

attempt to evaluate either of the approaches and give reasons for using one or the other 

approach.  

 
2.2.1 Total Factor Productivity (TFP): Concept and Measurement 

 
In the neoclassical framework, growth comes from two sources i.e. factor accumulation 

and total factor productivity growth (Felipe, 1997). The productivity statistics compare 

input use to output creation in order to measure the performance of the sector (Thirtle and 

Bottomlay, 1992). The debate (between fundamentalists and assimilationsits) is on the 

importance of each of these two components. Most of the debate has focused on the 

second source i.e. Total Factor Productivity (TFP). The reason is that it is less well 

known than that of factor accumulation, and its estimation places it at the center of the 

debate. It is, therefore, important to understand the conceptual framework of the 

estimation of total factor productivity. 

 

Total factor productivity is a neoclassical concept. This term in the neoclassical literature 

means two specific things. First one is that total factor productivity is an attempt to 

measure productivity taking into account all factors of production, thus, the underlying 

assumption that labor is not the only input (classical Ricardian labor theory of value). 

Second, that total factor productivity is actually a notion linked to the aggregate 

production function, a neoclassical tool. Productivity is a technical concept which refers 
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to a ratio of output to input i.e. a measure of efficiency. When referring to a single input 

(partial productivity) i.e. typically labor (Q/L), the notion of productivity does not pose 

any problem. However, when more than one input is to be taken into account (e.g., labor 

and capital), the problem that arises is how to weight each factor in the proportion 

(Felipe, 1997). Standard forms of the “total” productivity ratio are; 
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The equation (2.1) is a representation of an arithmetic index and the equation (2.2) denotes 

the geometric index. Here ‘A1’ and ‘A2’ stand for the productivity index; Whereas, Q, L, and 

K are output, labor and capital, respectively; and α and  are the weights. What does ‘A’ 

measure in the above equation?. It is an index of the efficiency with which all factors of 

production, labor and capital in the above case, are used (Felipe, 1997). Neoclassical 

economics solve this weighing problem by relating the productivity ratio to an aggregate 

production function from which the weights can be taken and interpreted. In the simplest 

form, the aggregate production function can be written as: 

 

 tLKFQ ttt ,,          (2.3) 

 
Equation (2.3) expresses output (Qt) as a function of the stock of capital (Kt), employment 

(Lt), and a shift factor (t), i.e. time, where the latter proxies the effects of productivity and 

technical progress. The subscript ‘t’ also represents time. Assuming that the argument ‘t’ is 

separable from K and L and the equation (2.3) becomes: 

 
 tttt LKFAQ ,          (2.4) 

 

tA  in the equation (2.4) may be referred to as exogenous, disembodied, and Hicks-neutral 

technical progress, and is measured by how output changes with the input bundle held 
constant. 
 
Equation (2.4) can also be written as: 
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The belief of overall productivity (TFP) can be reinterpreted as an index of all those factors, 

other than labor and capital, not explicitly accounted for but contribute to the generation of 

output. Those factors other than physical inputs included in the function may be the 

managerial capabilities and organizational skills, research and development, intersectoral 

transfer of resources, transfer and diffusion of technology, government policies, openness of 

the economy, and credit resources etc. 

  

2.2.2 Major Approaches of Total Factor Productivity (TFP) Estimation 
 
Economic literature recognizes three major approaches to measure Total Factor 

Productivity (TFP): 

 

 Econometric / Parametric approach 

 Efficiency Frontier Approach 

 Growth accounting / Index number approach  (Sharma, 2004) 

 
Econometric Approach of Total Factor Productivity (TFP) Measurement  
 

This approach is based on the econometric estimation of production technology. 

Productivity change for analytical purpose is equated with technological change and is 

viewed, as a shift in the production function overtime17. For a Cobb-Douglas type of 

production function, assuming extended Hicks-Neutral technological change18, this 

would be represented by: 

 
n

ntttt XXAQ  ...............1
1    where  

j
t

neA     (2.6) 

 

                                                 
17 To be more specific, both concepts would be synonyrnous only under the assumption that production is 
efficient, or the degree of inefficiency is constant and constant returns to scale. 
 
18 Hicks-neutral is an attribute of an effectiveness variable in the production function. The attribute is that it 
does not affect labor differently from the way it affects capital. 
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The measured rate of productivity growth, under constant returns to scale, would be: 

 

0

ln
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tA

t

TFP
         (2.7) 

 

While this measure of productivity change is based on the primal (production) function, 

results of duality theory also make it possible to infer them from the dual (cost or profit) 

function. A decision to which representation of production technology to be used, poses 

theoretical as well as statistical considerations. The cost function allows for an 

endogenous treatment of input prices in the production decisions, while, the production 

function method does not. However, direct cost estimation poses statistical problems 

because (i) a subset of the explanatory variables (outputs) is stochastic, and (ii) there are a 

larger number of independent variables (output and input prices). Given the presence of 

all input prices in the cost function, use of this function may not be viable in situations 

where a reliable price data is not easily available. Profit function estimation is usually 

preferred in situations where good price data is available, because the right hand variables 

(prices in this case) are presumed to be exogenous, while a single-output production 

function would suffer from the endogeneity of its right hand variables (inputs). 

 

The choice of the appropriate functional form i.e. production, profit, or cost function also 

depends on the specific objectives of the study. Given the restrictive nature of the Cobb-

Douglas, (elasticity of substitution is equal to one) and Constant Elasticity of Substitution 

(CES) function, the “flexible functional forms” has become more popular with time. A 

flexible production function, such as the translog, can be estimated without making any 

assumptions about neutrality of technical change, returns to scale or industry equilibrium. 

However, given the complexity of this functional form and the large number of 

parameters to be estimated, it is not easy to estimate this functional form without having 

high quality data seta and also, this functional form has not begun to be commonly used 

developing countries. 
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Recent literature on aggregate agricultural production functions shows a tendency to 

estimate the functions in a cross-country framework rather than for individual countries19. 

Theoretical justification for the estimation of a single production function across 

countries, developed as well as developing, lies in the concept of a meta production 

function, introduced by Hayami (1969) and Hayami and Ruttan (1985). The meta 

production function is based on the perception that al1 countries have likely access to the 

same technology but each may choose to operate on a specific part of it, depending on its 

resource endowments, relative prices of inputs, and the policy environment. 

 

The traditional production function approach under the assumption of constant returns to 

scale, assumes efficient production at all production points, thus attributing all 

productivity growth to technological change. This assumption, however, is not very 

realistic in circumstances when the realized output differs from the potentially attainable 

output for a production unit due to inefficiency from non-optimal use of technological 

knows how and other organizational/institutional factors. In such a situation, if total 

factor productivity growth takes place, it could be originate from pure technological 

progress as well as improvement in technical efficiency with given state of technology20 

(Fan, 1991). 

 

Efficiency Frontier Approach 

 

Efficiency frontier model approach is more appropriate if the study unit is firm not the 

industry. This approach studies how far a decision-making unit is away from the 

efficiency frontier. The concept of a production frontier is consistent with the underlying 

                                                 
19 Lau and Yotopolous (1989) explain this trend in terms of the difficulties associated with individual 
country production functions stemming from: (a) insufficient variation in some input quantities due to 
multicollinearity and the restricted range of variation of some other, e.g. arable land, changing 
imperceptibly and (b) if inputs and outputs are both growing over time, the inability to separately identify 
and estimate technological change from the returns to scale effect without making strong a priori 
assumptions. 
 
20 The distinction between technological change and technical efficiency as separate components of 
productivity change is significant for policy purposes because investing in new technologies would be little 
sense when substantial improvement in productivity is possible with more efficient use of inputs, given 
technology. 
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economic theory of optimizing behavior. Any deviation from a frontier has a natural 

interpretation as a measure of the efficiency with which economic units pursue their 

technical or behavioral objectives (Bauer, 1990). Efficiency frontiers can be further 

studied either through econometric or non-parametric approach. The econometric 

approach uses parametric representation of the technology along with a two-part 

composed error term (Farrel, 1957). One part of the composed error term represents 

statistical noise and is generally assumed to follow a normal distribution. The other part 

represents inefficiency and is assumed to follow a particular one-sided distribution 

(Farrel, 1957). The non-parametric approach uses mathematical programming known as 

Data Envelopment Analysis (DEA). Data Envelopment Analysis (DEA) uses linear 

programming methods to estimate the efficiency frontier function to evaluate the 

efficiency of a firm or organization (Charnes, et al., 1995; Gillien & Lall, 1997; 

Nyshadham and Rao, 2000). 

 

Growth Accounting Approach 

 
The earliest literature in the growth-accounting tradition firm much effort to finding 

explanations for the “residual”-termed by some, certainly not without some 

embarrassment, as a “measure of our ignorance”(Griliches 1994)21. It was largely due to 

these early efforts that the residual in time came to be identified with technical change 

and/or changes in the efficiency of input use. The residual, therefore, is not just a 

meaningless that could be wished away if one have better data, but is seen as a useful 

way of capturing organizational and technologically-induced efficiencies that in effect 

constitute the essence of the growth process, whether for the whole or part of an 

economy.  

 

                                                 
21Griliches (1994) stated that measurement errors may play a significant role in such numbers, but could 
not really explain them away. Literature showed that the major sources of productivity growth came from 
improvements in the quality of labor and capital and from other, not otherwise measured sources of 
efficiency and technical change. The latter being in turn the product of formal and informal Research and 
Development (R&D) investments by individuals, firms, and governments, and the largely unmeasured 
contributions of science and other spillovers. 
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The growth accounting approach is based on the development of indices of output and 

input. Indices are made under the assumptions of a particular production function, which 

is assumed implicitly. Under the econometric approach, the production function is 

explicitly estimated. This approach aims at obtaining the different components of total 

factor productivity. In the present study, growth accounting approach using index number 

methodology is employed for estimation of total factor productivity of agriculture. Before 

employing this approach it is important to discuss the concept, types and the advantages 

and shortcomings of the index number techniques. 

 
Productivity Measurement through Index Numbers 
 

The principal aim of this part is to provide a simple exposition to various index numbers 

such as the Laspeyres, Paasche, Fisher and Tornqvist index numbers that are relevant in 

the context of measuring productivity changes over time and space. The study also 

focuses on the construction of price and quantity index numbers. Quantity index number 

formulas are applied to input and output data leading to quantity index numbers which 

are in turn used in defining the total factor productivity index.  Measuring productivity 

changes necessarily involves measuring changes in the output levels and the associated 

changes in the usages of input. Such changes are easy to measure in the case of single 

input and a single output, but are more difficult when multi-input and multi-output cases 

are considered. 

 

Index numbers play a major role in three principal areas of productivity measurement. 

The first and foremost is the use of index numbers in the measurement of changes in TFP 

leading to the total factor productivity index numbers. Separate input and output quantity 

index numbers are required for construction of TFP index numbers. The second use of 

index numbers in productivity measurement is an indirect role. Here the concerns are the 

use of index numbers in generating required data which can be used in the application of 

Data Envelopment Analysis (DEA) or in the estimation of Stochastic. Thirdly, the index 

numbers are useful in handling panel data sets, with price and quantity data over time and 

space.  
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2.2.3 History of Index Numbers 

 

Index numbers have a long and distinguished history in economics, with some of the 

most important contributions due to Laspeyres and Paashe dating back to the late 

nineteenth century. But it is the work of Irving Fisher, The Making of Index Numbers 

that recognized the possibility of using many statistical formulas to derive appropriate 

index numbers (Fisher, 1922). The Tornqvist index is formula that plays a major role in 

productivity measurement. 

 

2.2.4 The Advantages of the Index Number Approach over the Parametric     

Approach  

 

i) The detailed data with several input and output categories can be used regardless of the 

number of observations over time, without any problem of degree of freedom. ii) Indices 

can be constructed for individual components of total output. iii) There is no need to 

specify functional form explicitly. iv) The index number approach permits aggregation of 

different categories of outputs and inputs and also it is widely used in the literature for 

productivity growth of the whole sector. This approach construct piecewise linear 

production frontiers for each year. The index numbers are used in measuring the changes 

in the level of output produced and levels of inputs used in the production process over 

two time periods. This can be achieved by using suitable formula to compute input and 

output quantity index numbers.  

 

2.3 Theoretical Issues Regarding Determinants of Growth and        

Productivity 

In the neoclassical growth accounting framework, improvements in productivity or 

efficiency are treated as exogenous in the growth models. According to Solow’s basic 

neoclassical model, productivity evolves exogenously as determined by technology. This 

simply means that government policies cannot affect the steady state, and the ‘engine of 
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growth’ is only the technological progress. However, the emergence of the new growth 

theories in the mid 1980s have reviewed that conventional neoclassical theory to formally 

incorporate the technical progress and to account for what may be called the non-

traditional determinants of economic growth. The endogenous growth models have 

brought to focus the role of endogenous policy changes in affecting the efficiency of 

factors of production and the total factor productivity. The new growth theory with its 

endogeneity of technological change and with the new international trade theory which 

integrates the notion of imperfect competition opens up the possibility of achieving 

continuously higher growth rates. Openness to trade and Foreign Direct Investment (FDI) 

allows the transfer of technology , while world class management practices are 

assimilated  which in turn, introduces innovation, cost cutting and thus eliminates 

monopolies. These factors can permanently raise growth rate and total factor productivity 

(Akinlo, 2005). 

 

Grossman and Helpman (1991), Romer (1992), and Barro and Sala-I-Martin (1995) 

among others, indeed argued that countries that are more open to the rest of the world 

have the greater ability to absorb technological advances generated in the leading nations. 

However, according to Coe and Helpman (1993), the transfer of technology and related 

knowledge spillovers from advanced to developing countries through import and export 

will be more successful in economies with better and more advanced education. This, 

indeed, forms another core class of growth models that postulates that productivity 

requires more than just direct investment in physical capital and the basic labor as well as 

trade but also investment in knowledge and human capital, research and development 

(R&D) and in infrastructure. 

 

Increasing an economy’s skill base can have a positive impact on TFP growth by 

facilitating structural change and technological improvements. Education is critical to 

higher productivity in view of the complementary effect between it and more skilled 

activities. Several variables have been used in the literature to measure the impact of 

education. These include public expenditure on education as a percentage of gross 
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domestic products (Barro and Lee, 1993), and primary, secondary, and higher school 

enrolment (Sachs and Warner 1995; Barro and Lee, 1993). 

 

However, while the positive effect of education and research and development activities 

on TFP might not be in doubt in the developed countries, the same cannot be said for 

developing countries. This is based on very low government expenditure on education, 

low school enrolment rate, and low investment in research and development activities. To 

create a supportive framework for this activity, an economy needs a well developed 

capital market, a well-developed system to protect intellectual property rights, and 

research supportive activities (Akinlo, 2005). 

 

Another set of variables that could play a role in determining the level of productivity as 

they may influence the quality of resources, their efficient allocation and rate of 

utilization are classified under macroeconomic environment. The general consensus in 

the literature of growth is that sound macroeconomic environment including well 

managed public finances, low inflation, and exchange rate stability, among others, can 

contribute to raising growth in productivity in the medium term through a positive impact 

on confidence and by promoting efficient resource allocation. However, theoretical and 

empirical works on this subject have not specifically focused on TFP of agriculture 

sector, and even more specifically on total factor productivity of agriculture sector in 

developing countries. Thus for more of these macroeconomic variables, the question of 

how they effect total factor productivity is still open. 

 

Theoretically, it is important to see that to what extent total factor productivity will 

increase, depends on the economic and social conditions or in short, the quality of 

environment of the country. However, this still remain an empirical issue in developing 

countries like Pakistan. Pakistan still characterized with low school enrolment rate, 

problem of high inflation rate, trade barriers, poor infrastructure, insufficient credit 

resources, and inequality in income distribution between rural and urban masses, low 

level of per capita income, high debt burden and limited inflow of foreign direct 
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investment. This theoretical consideration desires to explore a statistical relationship 

between productivity growth of agriculture and the macro economic factors. 

 

2.4 Applications of Index Number Approach, Cointegration Technique        

      and sources of productivity growth 

 

There are mass of empirical literature available on the estimation of total factor 

productivity growth. The empirical literature which established a long-run relationship 

between macro variables and growth in total factor productivity of agriculture is not 

abundant. A review of available previous empirical works on these subjects from 

Pakistan and other parts of the world is portrayed in this section in the form of text and 

Table.  

2.4.1 Evidences from Pakistan 

Wizarat (1981) computed the total factor productivity by the growth accounting method, 

using the linear production function approach and identified the sources of growth for 

Pakistan’s agriculture for the period, 1953-54 to 1978-79. The analysis showed that 

during 1953-54 to 1959-60, total factor productivity declined at the annual compound 

rate of 1.5 percent. Her analysis revealed that during 1964-65 to 1969-70, the annual 

compound rates of growth of the value added index, the aggregate input index and the 

total factor productivity index were 8.2 percent, 1.3 percent and 6.9 percent, respectively. 

The results indicated that more than 84 percent increase in output was due to technical 

change and about 16 percent due to increase in the use of inputs. Again during 1969-70 to 

1974-75 total factor productivity started declining. This study concluded that to ensure 

desirable growth in TFP in Pakistan’s agriculture sector, the existing administrative 

controls need to be minimized, high and stable support prices of major agricultural crops 

should be continued and farmers be given sufficient incentives to install tube wells.  

Chaudhary et al., (1996) reviewed the growth performance of Pakistan’s agriculture 

from 1950 to 1995. They found that area, modern inputs, prices and technology have 

been the major determinants of growth. They concluded that in order to boost agricultural 
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productivity, change in price policy was needed to ensure incentive prices. They 

emphasized the need of problem shooting research in the area of specific land areas and 

crops. The study analyzed that agricultural price policy perused in Pakistan in the recent 

years had adverse consequences for investment and technology, production, employment 

and income distribution.  

Chaudhry and Chaudhry (1997) showed that the long-term growth rates between 1949-

50 and 1994-95 were satisfactory. They witnessed record growth rates during the 1960s. 

This was followed by the lowest growth rates of the early 1970s, and acceleration in the 

second half of the 1970s. They found that experience since 1979-80 has been mixed, but 

the growth rates have been rather low through the 1980s and the 1990s. The results 

revealed that a growth rate of 5.0 percent and higher had induced positive changes in 

income distribution and poverty. The study concluded that in view of that positive 

association, the pursuit of a high growth policy in agriculture should guide Pakistan’s 

future development strategy. The efficiency of resource use, a greater dependence on 

modern technologies, and a minimization of government intervention in the market 

mechanism were the essential pillars of the high growth strategy. 

 

Khan (1997) using a T-T input index, computed total factor productivity for the 

agriculture sector (including crop and livestock output) for the period 1960-1996. The 

results showed that TFP grew at an average annual rate of 0.8 percent. The study 

explained that total agricultural growth during the study period attributed over 20 percent 

to technological change and the rest to additional quantities of inputs. He revealed that 

the very slow growth of TFP was due to institutional and technical factors. The 

institutional factors comprised the rights to ownership and use of agricultural land, access 

to canal water and the macroeconomic environment. Technical factors included the 

quality of inputs and availability of physical and social infrastructure.  

Iqbal and Zahid (1998) examined the effects of some of the key macroeconomic 

variables on Pakistan’s economic growth by using multiple regression frameworks for the 

period 1959-60 to 1996-97. The quantitative evidence showed that primary education was 

an important prerequisite for accelerating growth. The analysis also showed that 
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increasing the stock of physical capital had helped to contribute to growth. The results 

suggested that provision of adequate physical capital (including appropriate 

infrastructure), openness of Pakistan’s economy (defined as exports and imports of 

goods) promoted economic growth. The results indicated that the budget deficit and 

external debt were negatively related to growth. However, the results presented in this 

study reinforced the importance of sensible long-run growth-oriented policies to obtain 

sustainable growth. 

Ahmad (2000) concluded that the crop output increased in Punjab at the rate of 2.6 

percent per annum. He further explained that the increase in crop output was dominated 

by the share of total factor productivity growth. The results also revealed that wide 

variation exists among cropping system as well as within the system both in total factor 

productivity growth and output growth. 

 

Ali and Byerlee (2000) estimated changes in TFP in four production systems of the 

Punjab by using Tornqvist-Theil indexing procedure for the period 1966 to 1994. The 

result showed that average growth in TFP was 1.26 percent for both crops and livestock. 

Wide regional variation in productivity growth was observed, with negative growth in the 

wheat-rice system and with the highest rate of growth in TFP in the wheat-cotton and 

wheat-mungbean systems. The combined livestock and crop total factor productivity 

grew at 1.51 percent per annum, higher than for the crop and livestock sector alone. They 

investigated that continuous and widespread resource degradation had significant 

negative effect on productivity with the largest effect in the wheat-rice system. The 

results called for urgent analysis of technology and policy options to seize resource 

degradation for sustainability in the growth of total factor productivity. 

 

Muragi et al., (2000) measured trends in TFP for production systems of Pakistani and 

Indian Punjab, using chain-linked Tornqvist-Theil method for the period 1961-94 for 

India and 1966-94 for Pakistan. The results showed that Indian Punjab had a better record 

of growth, with a 5 percent annual rate of growth in output, and a 1.9 percent rate of 
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growth in TFP. In contrast, output in Pakistan grew at 3.2 percent per year, with TFP 

gains accounted for 1.5 percent of that growth. The study explained that in Pakistan, 

resource degradation reduced overall productivity growth. The results also showed that 

technical change and investment in education and infrastructure contributed by one third 

to productivity growth. The study highlighted a number of policy issues that affected 

agricultural productivity and sustainability, especially public investments in research and 

extension, education and roads, and input subsidies that exacerbate resource degradation. 

 

Pasha et al., (2002) examined the role of different factors in influencing the level of TFP 

of agriculture in Pakistan on a long-term basis, 1972-73 to 1997-98. They concluded that 

human capital improvement accounted for 1.6 to 1.8 percent increase annually in total 

factor productivity. They found that faster growth in TFP in recent years was due largely 

to the enhanced contribution of non-factor inputs. They included two additional variables 

while estimating the TFP of agriculture i.e non-factor inputs and cotton yield. They 

concluded that there existed a substantial scope for increasing total factor productivity by 

investing more in education, especially at the primary and the secondary level. The study 

had also demonstrated that the effect of recent vintages of capital characterized by 

underutilization, fall in real public development expenditures and stagnation of 

manufactured exports had contributed to a slow down in the growth of total factor 

productivity during the 90s. 

 

Sabir and Ahmad (2003) calculated economic growth rates during the pre-reform period 

(1972-73 to 1987-88) and the reform period (1987-88 to 2001-02). They investigated that 

prior to reform; average annual growth rate in agriculture was 3.5 percent and changed 

substantially in the reform period to 3.9 percent. The study found that growth in inputs 

was high prior to reform in the agriculture sector; however, growth in output was high 

during the reform period. This finding indicated that the role of TFP played an important 

role in explaining the pattern of growth in the agriculture sector in Pakistan.  On an 

average, almost half of the growth in the economy prior to reform was the outcome of 

growth in TFP and the remaining half was contributed by the growth in factor inputs. 
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Human capital index, index of fertilizer use per hectare and index of cotton yield were 

included as determinants of TFP in agriculture. The results showed that food and 

fertilizer subsidies played an important role in both prior to reform and during reform 

periods in the growth of TFP of agriculture. They also indicated that food subsidies 

provided incentives to farmers through support price, which in turn to increased 

production through TFP growth. The variable of trade liberalization (cotton yield) did not 

contribute positively during reform period. Sector wise disaggregated results indicated 

that agriculture was the major gainer. 

  

Ali (2004) computed TFP index of Pakistan’s agriculture for the period 1960-96 by using 

both Arithmetic and Tornqvist-Theil indexing methodologies. Aggregate output index 

included crops and livestock products and the aggregate input index included also the 

purchased inputs. The results showed highest growth rates of TFP during 1965-70 and the 

lowest growth rates during 1971-75. The analysis indicated that the growth in 

productivity tapered off in the first half of 1970s. He explained that the factors behind 

that dismal performance were the politically-induced institutional experiments, drought 

conditions, heavy rains and floods. The results showed that TFP had grown at an average 

annual rate of 2.3 percent for the entire period. It accounted for 58 percent of the total 

output growth. The study concluded that productivity growth was a significant deriving 

force in the performance of agriculture sector in Pakistan for over 36 years. He also 

explained that main source of growth in TFP were the technological progress embodied 

in the high yielding varieties of grains and cotton with supporting public investments in 

irrigation, agriculture research and extension, and physical infrastructure. 
 

Ali (2005) calculated TFP growth of Pakistan’s agriculture for the period 1960-1996, 

using the Tornqvist-Theil (T-T) indexing procedure. The output index included important 

major and minor crops and livestock products. The input index was constructed with 

land, labor, tractors, tube wells, work animals, and purchased inputs (fertilizer and 

pesticide). The estimates showed that TFP had grown at an average annual rate of 2.3 

percent for the entire period (1960 to 1996) with 58 percent of the total output growth 

attributable to productivity growth. The study explained that the input supply grew 
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steadily and the terms of trade for agriculture improved consistently during the period of 

90s. The study strongly suggested tackling forcefully the structural and institutional 

impediments that hampered the path to a sustained productivity performance in 

agriculture.  

 

Khan (2006) estimated TFP in Pakistan by utilizing the conventional growth accounting 

framework for the period 1960 to 2003. The results revealed that the growth of gross 

domestic product and total factor productivity followed identical behavior throughout the 

period of observation. He broadly categorized the determinants of TFP into 

macroeconomic stability, openness of the economy, human resource development, 

financial sector development and also a set of control variables. The study presented the 

empirical results in the form of tree estimated regressions. Regression I and II were 

considered independent in nature rather than alternatives in the choice of variables to 

some extent. The results indicated that inflation was positive and statistically significant 

with small coefficient. Interestingly, the results of the increase in education expenditures 

and openness of trade showed negative association with total factor productivity. The 

coefficient of financial sector development was positive and statistically significant. All 

other variables like domestic investment, foreign direct investment, employment and 

government consumption appeared with the positive coefficient and were statistically 

significant.  

 

Ahmad and Bukhari (2007) estimated total factor productivity of the Pakistan’s 

economy from 1973 to 2006 both at aggregate and dis-aggregate levels i.e. agriculture, 

manufacturing, construction, electricity and gas and other sectors. They explained that 

high economic growth was mainly driven by the enhancement of total factor productivity. 

However, the study revealed that high economic growth during the 1980’s was to an 

extent equally contributed by inputs availability and total factor productivity. The 

aggregate equation results showed that two factors which significantly affected total 

factor productivity were cotton production and the exports of manufactured goods. The 

results revealed that boom and crisis in cotton crop, significantly determined total factor 

productivity. The study investigated that fiscal and monetary policies came out as 
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significant factors in deriving total factor productivity both positively and negatively. The 

results revealed that slowdown of total factor productivity during 1992-2002 and higher 

total factor productivity during 2002-2006 periods was the result of the contractionary 

and expansionary fiscal and monetary policies, respectively. They identified that human 

capital improvement accounted for a significant contribution in TFP of agriculture. The 

study identified that value addition in agriculture; exports of manufactured goods, 

physical capital, human capital index, real credit to private sector and real development 

expenditure on economic services were the major determinants of total factor 

productivity growth.  The results of the study also showed that macro economic reforms 

of the last ten years had contributed significantly in enhancing total factor productivity 

and hence growth in recent years. 

 

Kiani et al., (2008) measured total factor productivity in the crops sub-sector of 

Pakistan’s Punjab and analyzed the relationship between productivity and agricultural 

research expenditures during 1970-2004. The study applied Tornqvist-Theil index (TTI) 

approach to measure total factor productivity. Almon distributed lag model involving 

different lag length specifications were estimated taking TFP as a dependent variable. 

Besides research expenditures, the explanatory variables included factors such as road 

kilometer, number of tubewells, improved seeds distributed, and number of tractors etc. 

The results indicated that agricultural research expenses, number of tractors, and 

tubewells had positive and significant impact on TFP in the crops sub-sector. Empirical 

evidence showed attractive marginal rates of return to investments in agricultural 

research in Punjab. 

 

2.4.2 Evidences from Other Countries 

Hayami (1969) explored the causes of enormous agricultural productivity differences 

among the developed and less developed countries. He identified the factors that 

determine the productivity gap and their influences were gauged on the 1957-62 national 

aggregate data of 38 nations. Aggregate agricultural production functions of the 

unrestricted Cobb-Douglas form were estimated on the cross-country data. He found that 
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differences in the inputs of modern man-made factors accounted more for the differences 

in productivity than differences in the endowments of the original factors. He also 

explained that education and research were crucial in determining the productivity gap. 

Education and research explained almost half of the difference in agricultural 

productivity between the United States and India. Education’s contribution to the gap in 

agricultural productivity between Japan and India amounted to 40 percent, and, together 

with research, amounted to more than 50 percent. The results of the study indicated that 

India could double its agricultural production only by improving its education level to 

that in Japan.  

Dholakia and Dholakia (1993) estimated the sources of growth of Indian agriculture for 

the sub-periods 1950-51 to 1988-89. They also estimated the contribution of adverse 

weather conditions and intensity of resource use to total factor productivity growth. The 

results found that TFP growth contributed significantly to the acceleration of economic 

growth. The study explained that TFP growth in agriculture has been the prime deriving 

force behind the acceleration of overall growth in the Indian economy. The main 

determinants of total factor productivity growth have been found to be the use of modern 

inputs like fertilizer, High Yielding Varieties (HYV) seeds and irrigation. 

 

Rosegrant and Evenson (1993) estimated the total factor productivity growth for the 

period 1956-1985 in the crop sector of India, using T-T indexing procedure. The results 

showed that total factor productivity grew rapidly in the early Green Revolution period 

(1965-75) at a rate of 1.86 percent per annum but, rather surprisingly, declined very 

sharply thereafter. Furthermore, the results indicated that total factor productivity had 

accounted for about one third of total output growth over the period of study. They found 

that agricultural research, High Yielding Varieties (HYVs), literacy, and share of 

irrigation were the major sources of total factor productivity growth. 

 

Wen (1993) analyzed the role of rural institutions in stimulating total factor productivity 

growth in Chinese agriculture. The results showed that the Household Responsibility 

System (HRS), which allowed the Chinese farm households greater choice in the use of 
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inputs and production of outputs, was more "conducive to an increase in total factor 

productivity and there was an outward shift of the production function frontier followed 

the dismantlement of the commune system". Modernization of agriculture, in the sense of 

rapidly growing use of modern inputs, was credited with inducing much of the measured 

productivity growth. 

 

Muller and Cox (1995) investigated the relationship between several measures of 

productivity and research expenditure for the period 1953-88 by using data from 

Australian Bureau of Agricultural and Resource Economics (ABARE) surveys of 

broadacre industries. They also evaluated the contribution of research and estimated the 

return to the investment in research. The study employed Christensen and Jorgenson 

(1970) TFP index formed as the ratio of Tornquist Thiel (T-T) approximation to divisia 

indices of aggregate output to aggregate inputs. The estimated total factor productivity 

index rose from 100 in 1953 to 227 in 1987 and declined to 208 in 1988. The study 

explained that in 13 years out of 36 years, the index fell. The average rate of growth was 

2.3 percent per year. The study found that productivity of research was higher in the 

period since 1968. The study also identified a number of factors that may have 

contributed to this, such as the development of rural industry research funds, and more 

sophisticated management techniques. The study analyzed Internal Rates of Return (IRR) 

of 40 and 45 percent for the 16 years and 35 years profiles.   

 

Rosegrant and Evenson (1995) estimated TFP of agriculture in India for the period 

1956-87 by using Tornqvist-Theil indexing procedure. Public agricultural research and 

extension explained nearly 60 percent of the total factor productivity growth over the 

study periods. The study also indicated that improved rural markets and irrigation 

investments had also contributed to TFP growth over and above the contribution to 

output growth that irrigation made as a “conventional” input. The results showed that 

marginal impact on productivity from the expansion of irrigated area had increased 

overtime. The authors attributed this improvement to rapid growth in the proportion of 

private tube wells compared to public canal irrigation. Modern varieties were also found 
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to be the major contributor to total factor productivity growth in the 1967-77 green-

revolution periods.  

Muller and Cox (1996) stated that technical progress has been an important source of 

growth for Australian broadacre agriculture. They compared alternative measures of 

productivity growth including the Tornquist Thiel (T-T) index, the Fisher ideal index and 

an econometric estimate from translog industry cost function. The study found that 

translog cost model TFP measure was very similar to the index number approaches. The 

study also explained that parametric and nonparametric methodologies differed in the 

extent to which they imposed structure to the nature of technology relating to the 

neutrality, return to scale, and functional forms. The study used data that was obtained 

from ABARE. The estimated annual average growth in productivity in broadacre 

agriculture was found to be in the range of 2.4 to 2.6 percent.  The study explained 2.5 

percent of productivity growth to the fact that Australia was second among OECD 

countries in 1985 in the level of its research intensity. They found that there were 14 

years in which Australian productivity growth declined and that was correlated with the 

weather condition.  

Cox et al., (1997) used nonparametric methods to measure the impact of public research 

expenditures on broadacres agriculture in Australia over the period 1953-94. They 

assessed the impact of research on agricultural productivity by using both unrestricted 

and 30-years lagged specifications. The study estimated internal rates of return (IRR) to 

research expenditures on Australian broadacre agriculture to be in the range of 12 to 20 

percent. In the study, the sample was drawn from those farms that had more than 200 

sheep. Also the sample did not include the specialist crop farmers. The numbers of 

producers in the sample were ranged from 600 to 700. The results of the study suggested 

several conclusions as: technical change in crop output had, in general, been greater than 

in livestock, wool and other outputs. Wool was characterized by higher productivity 

growth than livestock output and little or no productivity growth was evident in other 

outputs.     

Sarel and Robinson (1997) estimated the absolute level of total factor productivity as 

residual, using Cobb-Douglas production function. The study also conducted growth 
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accounting, covering five Association of South East Asian Nations (ASEAN) economies 

and the United States during 1978-96. The results showed that impressive growth rate of 

TFP during the sample period for Singapore (2.2 percent), Thailand (2.0 percent), and 

Malaysia (2.0 percent). Indonesia showed a slower growth rate of total factor productivity 

(1.2 percent) and negative performance for the Philippine (-0.8 percent). The estimated 

rate of total factor productivity growth for United States during this period was 0.3 

percent.    

Evenson et  al., (1999) estimated total factor productivity of the Indian crop sector for 

the period of 1956 to 1987 in 271 districts covering 13 states, using Tornqvist-Theil TFP 

index. The results showed that India had made significant gains in total factor 

productivity. The study also assessed the contribution made by several sources on the 

growth of total factor productivity in India. The study investigated that public sector 

research and extension and private sector research were statistical significant and 

increased total factor productivity. The estimated effect of irrigation investment on total 

factor productivity was strongly positive and significant. The variable of market and 

infrastructure development had a positive coefficient and showed statistically significant 

effect on total factor productivity. However, the literacy rate effected total factor 

productivity positively but was not significant. Over the period 1956-87, the public sector 

extension system was found to be the largest source of growth, contributing more than 40 

percent of the growth of total factor productivity.  

Shamsudin et al., (1999) analyzed the total factor productivity and discuss the various 

policy options to increase productivity in the Malaysian agricultural sector. The average 

total factor productivity growth over the study period, 1961-1996, was estimated at 1.73 

percent. This represented a decline from a high of 5.7 percent in the 1960’s to a rather 

competitive range of 1-2 percent as of the 1980s and 1990s. They explained that total 

factor productivity of agriculture can be improved with the utilization of best farm and 

agronomic practices, harnessing technological advancement, intensifying research and 

development efforts and improving market mechanisms and extension services. 
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Miller and Upadhyay (2000) studied the effects of openness, trade orientation, and 

human capital on total factor productivity for a pooled cross-section, time-series sample 

of developed and developing countries. The analysis used data for the period 1960 to 

1989 of 83 countries. They estimated total factor productivity from a parsimonious 

specification of the aggregate production function involving output per worker, capital 

per worker, and the labor force, both with and without the stock of human capital. The 

results indicated that opening the economy to trade generally benefited total factor 

productivity. Moreover, the results revealed that the stock of human capital contributed 

positively to total factor productivity. The analysis showed that human capital had a 

negative effect on total factor productivity in high-income countries and a positive effect 

in middle-income countries. It was found that the effect of human capital on total factor 

productivity in low-income countries moved from negative to positive as the country 

moved from a low to a higher level of openness. The negative effect of inflation on total 

factor productivity also confined itself to the low- and middle-income countries. 

 

Forbes and Johnson (2001) derived total input and factor input measures of productivity 

of New Zealand agriculture, by employing Tornquist index number method. The study 

derived two productivity ratios; total input productivity and total factor productivity. The 

study estimated annual average total factor productivity growth of 3.5 percent since 1972. 

The acceleration in TFP growth was also observed in the period since 1985. The results 

explained that productivity growth in the farm sector of New Zealand in the period 1972-

1985 was at lower level than occurred post 1985. They explained that reasons for that 

were related to investment cycle in farm production. The study also explained that in 

terms of two periods, before and after deregulation, the growth path was flatter before 

deregulation and the level of material investment was higher.  

Jin et al., (2001) calculated total factor productivity for rice, wheat, and maize separately 

for the period 1980-95, using standard Divisia Tornqvist-Theil (T-T) index methods. 

China’s Total Factor Productivity for rice, wheat, and maize grew rapidly and new 

technology accounted for most of the productivity growth. The results also showed that 

total factor productivity indices for rice, wheat, and, maize varied not only across 
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province but also over time. The study explained that factors that accounted for variations 

in total factor productivity included changes in technology, institutions, infrastructure, 

and improvements in human capital, and also control variables represented by weather, 

agro climatic zones and certain fixed but unobserved factors that differed across regions.   

Murgai (2001) estimated total factor productivity growth by using Tornqvist-Theil 

indexing number approach and illustrated the problem (overestimation and 

underestimation) associated with conventional growth accounting approach in the 

presence of biased technical change. Growth in total factor productivity was analyzed for 

three periods corresponding to different phases of Green Revolution technical change.  

The analysis showed that total factor productivity contributed little to economic growth 

during the Green Revolution in the Indian Punjab. The author explained that when 

technical change was not Hicks-neutral, it was impossible to separate the contribution of 

technical change from that of factor accumulation. Simple exercises to assess the 

magnitudes, involved in the Punjab case showed that the bias in conventional total factor 

productivity estimates was severe: ‘corrected’ measures of productivity growth were 

between 100 and 200 percent higher per year during the Green Revolution. 

 

Barnes (2002) integrated some non-market components into the TFP index. The costs of 

two specific externalities of agricultural production i.e fertilizer and pesticide pollution 

were integrated in a TFP constructed for the period 1948 to 1995. He measured the 

‘social’ total factor productivity index against UK public research and development 

expenditure. The environment costs caused by nitrogen and pesticide use reduced the 

annual rate of total factor productivity growth by 20 percent for UK agriculture. The 

study concluded that an analysis which registered the environmental impact of 

productivity enhancement was essential as a framework for evaluating returns to public 

agriculture research and development.  

 

Gerdin (2002) measured total factor productivity of Kenyan agriculture between 1964 

and 1996 by using Tornqvist-Theil index number procedure. The results showed that 

mean total factor productivity growth was less than 0.4 percent and decreased over time. 

The contribution of productivity growth to output growth increased from 10.2 percent in 
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1964–1973 to 26.8 percent in 1988–1996. The results showed that major source of the 

low productivity was the low level of fertilizer use. The analysis also revealed that the 

low level of productivity was due to poor extension services, inability to upgrade 

production methods, physical and human capital. Agriculture had also been affected by 

limited access to agricultural credit and shortages of foreign exchange.  

 

Onjala (2002) explored productivity sources in the manufacturing and agricultural 

sectors using aggregate data over 1960-1995. He concluded that growth in output was 

explained by the growth in factor inputs and change in total factor productivity. 

Agriculture was seen as a dynamic sector producing important linkages with the growth 

of other sectors. On the other hand, the study revealed that the manufacturing sector was 

important in growth-oriented analysis and it was considered as a crucial for increasing the 

rate of growth for the whole economy. The study established the direction of the links 

between total factor productivity changes in these sectors with trade policy episodes such 

as imports, export penetration and trade volume. 

 

Ruttan (2002) found the implications of the resource and the environmental constraints, 

the scientific and technical constraints, and the institutional constraints on agricultural 

productivity growth over the next half-century. He found that in those countries and 

regions in which land and labor productivity were already at approaching scientific and 

technical frontiers, it would be difficult to achieve growth in agricultural productivity 

comparable to the rates achieved over the last half-century. He further explained that in 

most of the countries at the technological frontier, the demand for food would rise only 

slowly. Thus those countries would have little difficulty in achieving foster rates of 

growth in agricultural production. The study found that those countries in which land and 

labor productivity levels were furthest from frontier levels, particularly in sub-Saharan 

Africa, opportunities existed to enhance agricultural productivity substantially. The study 

also revealed that countries that were land constrained, such as India, could be expected 

to follow a productivity growth path that placed primary emphasis on biological 

technology. He further analyzed that the poor countries or regions that found it 

advantageous to follow biological path, would have to invest substantially more than in 
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the past to acquire a capacity for agricultural research and technology transfer. These 

investments would include general and technical education, rural physical infrastructure, 

and building appropriate research and technology transfer institutions. He concluded that 

advances in mechanical technology were a primary source of growth in labor productivity 

and advances in biological technology were a primary source of growth land 

productivity.   

 

Avila and Evenson (2003) calculated the rates of change in total factor productivity for 

crop production, livestock production, and aggregate agriculture production for the 

periods, 1961-1980 and 1981-2001, for 21 Latin American, 21 Asian and 37 African 

countries. The results showed that more than 20 percent African countries had negative 

growth in TFP and, another 20 percent had TFP growth rates below 1 percent. The 

countries in Asia demonstrated the best performance (30 percent of the countries had TFP 

growth rates more than 2 percent). In aggregate, Latin American and Caribbean countries 

also had good performance with no negative TFP growth rates in TFP. The study also 

identified the adoption of green revolution modern varieties, increase in the schooling of 

labor force, increase in the dietary energy, and investment in research and development 

as well as public and private extension systems as sources of total factor productivity 

growth.    

 

Gutierrez and Gutierrez (2003) used the new growth theory framework and panel 

cointegration techniques to analyze the effect of international agricultural technological 

spillovers on total factor productivity growth for a sample of 47 countries during the 

period 1970–1992. The analysis showed that TFP was strongly influenced by domestic as 

well as foreign public research and development (R&D) spending in the agricultural 

sector. Geographical factors matter, those countries located in temperate zones benefited 

from technological spillovers more than those countries located in tropical zones.  

 

Mukherjee and Kuroda (2003) estimated growth in productivity in Indian agriculture 

for the period of 1973-93 by using Tornqvist-Theil indexing number procedure. The 

study indicated that agriculture sector performed admirably after the introduction of 
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modern technology and high yielding “Green Revolution” varieties since the late 1960s. 

The findings concluded that rates of total factor productivity growth had not become 

equal in all regions of the country. The convergence analysis, on the other hand, showed 

that total factor productivity gap as measured by the distance of each state’s productivity 

level from the all Indian average was stationary, and thus there was evidence of long-run 

convergence. The causes underlying the results suggested the importance of increasing 

investment in infrastructure, including irrigation, electricity, roads, government social 

spending, research and extension services, among others, in regions in which total factor 

productivity level was below the national average. 

 

Fan et al. (2004) investigated the effects of different types of government rural spending 

on agricultural growth in Thailand by using the pooled time series (1977-2000) and cross 

section (region) data. The results showed that most government investments such as 

agricultural R&D, irrigation, rural education, and infrastructure (including roads and 

electricity), had positive marginal impacts on agricultural productivity growth and rural 

poverty reduction. Road expenditure had the third largest impact on rural poverty 

reduction, but it had insignificant impact on agricultural productivity. The large poverty 

reduction effects for electricity and roads were due to improve access to non-farm 

employment. Government spending on rural education had only the fourth largest impact 

on poverty, but a significant economic impact through improved agricultural 

productivity.  

 

Fulginiti, et al., (2004) examined the agricultural productivity in 41 sub-Saharan African 

(SSA) countries from 1960 to 1999. The study used a semi-nonparametric frontier 

production function to break down the growth rate of aggregate agricultural output into 

contribution from the growth of inputs verses total factor productivity change. The 

estimated rate of total factor productivity change over the four decades was 0.83 percent 

per year. The results indicated that institutional factors were important determinants of 

agricultural productivity growth as well as per capita GDP growth. 
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Thirtle et al., (2004) estimated total factor productivity growth in U.K. agriculture from 

1953-2000, using  Tornqvist- Theil discrete approximation of the divisia input and output 

index. The results showed that output grew at 1.14 percent per annum, input grew at 0.14 

percent per annum and total factor productivity grew at an annual rate of 1.26 percent 

over the study period. The study also identified the sources responsible for TFP growth 

by using cointegration procedure. The results revealed that a 1 percent increase in 

research and development expenditure increased TFP by 0.13 percent. The private sector 

activity was also found to have a significant affect at the highest level.  The regression 

results also showed that growth in farm size also affected TFP growth. Education levels 

also played an important role in the increase of total factor productivity growth.  

 

Azzam and Sekkat (2005) estimated TFP in the Moroccan cereal sector by accounting 

for rainfall, agricultural policy, technical efficiency, and demand over the period 1980- 

1995, using panel data methodology. The study linked the pricing policy and demand 

effects to total factor productivity growth. The determinants of growth were disembodied 

into technical change, imports, income, population, factor prices, nominal protection 

coefficients, rainfall, and technical efficiency. Econometric estimation of the reduced 

form equations showed that the major drivers of TFP growth in Morocco were rainfall 

and technical efficiency. Neither government policy and demand effects, nor technical 

change were statistically significant contributors. The authors found negative TFP growth 

over the sample period 1980-1985 and positive growth during 1986-1995 periods.  

 

Jongeneel and Ge (2005) analyzed the sources of growth of Dutch agriculture (arable, 

intensive livestock, and dairy sectors), using the cointegration procedures for the time 

period 1950-1996. They calculated ADF- test statistic to check unit root and found no 

presence of cointegration for arable and meat. However, they could not reject a unit root 

for other variables. Thus, they re-specified the model in differences. The results indicated 

that the supply of arable, intensive livestock (meat) and dairy products were price 

responsive and the response of output to price changes appeared to be inelastic, both in 

the short-run and long-run. This explained that direct distortion effect of price support 

was rather limited. However, price support showed an important indirect effect by 
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improving the sectors investment possibilities and the capital stock. The results indicated 

that public research and development expenditure mainly affected agriculture by 

contributing to yield improvement therewith favoring intensification of production. 

 

Dhehibi and Lachaan (2006) investigated the production structure and technological 

change for Tunisian agriculture for the period 1961 to 2000. The model was set up to be 

solved as a simultaneous equation system. The last step consisted in measuring the TFP 

growth was Tornqvist-Theil index number approach. Its contribution to output growth 

decreased from 4.64 percent in 1961-70 to 2.86 percent in 1971-80. In contrast, the 

results depicted that this contribution had increased in 1981-90 to utmost 4.38 percent. 

TFP decreased in the last period, namely 1991-2000. The analysis indicated that on an 

average, TFP increased by less than 3.6 percent per year. The study found that poor 

quality of services, inability to use of production methods, physical and human capital, 

and limited access to agricultural credit were the main determinants for the low level of 

TFP growth.   

 

Hall and Scobie (2006) constructed Multifactor Productivity (MFP) series using a value 

added approach over the time period 1927–2001. They found that Multifactor 

Productivity (MFP) grew at the rate of 1.6 percent per year. The results showed that 

growth rates by sub period were 0.6 percent (1927-56), 1.6 percent (1957-83) and 2.2 

percent (1984-2001). These sub periods were selected because 1957 and 1983 were low 

points in the mid-period productivity cycle. Moreover they found that growth rates were 

sensitive to chosen starting and ending points. The growth rate in productivity from 1986 

to 2001 has been estimated to be 1.8 percent. There was no evidence of slowing down 

growth in agricultural productivity in New Zealand to 2001. However, as in Australia, the 

growth in productivity for the economy as a whole did subsequently slow in the year 

2006, and that might had 'spilled over' into the agricultural sector. They observed a 

marked divergence in public research intensity between Australia and New Zealand.  

 

Lerman and Sutton (2006) calculated partial land and labor productivity, total factor 

productivity, and technical efficiency scores, using Stochastic Frontier and Data 
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Envelopment Analysis algorithms for the two categories of small individual farms and 

large corporate farms of Moldova. The analysis was based primarily on cross-section data 

from three farm surveys conducted by the World Bank and USAID in 2000 and 2003 and 

supplemented the survey data with time series data. The results demonstrated that small 

individual farms in Moldova were more productive and more efficient than large 

corporate farms. The study had found that an increase of farm size reduced agricultural 

productivity. The study suggested that encouraging a shift from large corporate farms to 

smaller individual farms could be expected to produce beneficial results for Moldovan 

agriculture and the economy in general. They suggested that government should ensure a 

level playing field for farms of all sizes and desist from biasing its policies in favor of 

large farms. 

 

Nachega and Fontaine (2006) identified determinants of TFP by estimating a Cobb-

Douglas production function in Niger between 1963 and 2003. They concluded that 

disappointing TFP growth were due to inappropriate macroeconomic policies, recurrent 

droughts, deterioration in the terms of trade and political disturbances. The study revealed 

that openness to trade, aid flows, and term of trade improvements, and financial sector 

development were associated with higher TFP growth. Government consumption, 

political instability, and drought were negatively related to productivity growth. Human 

capital, inflation, political stability, and the fiscal balance had the expected signs but were 

not significant. The study recommended the targeted investments in irrigation systems 

and other infrastructure within agriculture to increase total factor productivity and 

economic growth. 

 

Mullen (2007) applied both econometric and productivity decomposition techniques to 

asses the likely rates of return from public investment in research in broadacre agriculture 

in Australia. The study found that marginal impact of research was increasing. The 

results indicated that investments in agricultural research, experienced from 1953-2003, 

had earned moderately high rates of returns. He found that estimated Internal Rates of 

Return (IRR) from the 16 years model (39 percent) was much larger than the IRR from 
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35 years model (16 percent). That difference reflected the change in marginal impacts. 

The study indicated some evidences that productivity growth in the cropping sector had 

declined in the past decade. The study also observed that for broadacre Australian 

agriculture, productivity growth had remained at around 2.5 percent per annum. Further, 

the study indicated that the ratio of productivity growth in Australian agriculture to 

productivity growth in the Australian economy as a whole had been high relative to other 

countries. The study also found that while productivity growth had remained high, public 

investment in agricultural research in Australia had been static its research intensity had 

declined. 

 

Mullen et al., (2008) stated that R & D is an important source of productivity growth in 

New Zealand and Australian agriculture. The study also found that research intensity in 

Australia had been higher than that in New Zealand. The study concluded that returns to 

investment in domestic research in both countries were likely to have been in the order of 

15 to 20 percent. The study found that the long term trend in productivity was 2.5 percent 

per year for broadacre agriculture in Australia. They explained that up to 0.5 percent 

could be attributed to public infrastructure and education level of the farmers. The study 

concluded an assessment of likely returns to agriculture research in New Zealand for the 

period 1953-2001. They assumed that agricultural productivity grew at the rate of 1.4 

percent from 1953 to 1985 and at the rate of 1.8 percent from 1986 to 2001. The study 

regressed the index of Multifactor Productivity (MFP) against the stock of knowledge, 

weather, education level of farmers, the term of trade, investment in extension, foreign 

investment in research and change in communication and transport. They suggested gains 

in comparative advantages for Australian agriculture. The study found education level of 

farmers, investment in public infrastructure and degree of regulation in factor and product 

markets as the strong drivers of productivity.  

  

Donnell (2009) used the term multiplicatively complete to describe Total Factor 

Productivity (TFP) index numbers. The study used DEA to compute and decompose 

Moorsteen-Bjurek indexes of world agricultural, included 88 countries TFP change for 
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the period 1971 to 2001. The study found that in a DEA model which prohibits technical 

progress, only two countries were found to maximize TFP during the study period. First 

one was Nepal from 1970 to 1995 and the second was Thailand for the several years in 

the late 1990s. The study also explained that how changes in the agricultural Term of 

Trade (TOT) has drawn other agricultural producers away from TFP-maximizing input-

output points. The annual rate of technical progress in global agriculture was estimated to 

be less than 1 percent per annum. The study concluded that improvement in technical 

efficiency led to increase in both TFP and profitability. 

 

Some other studies were also reviewed relating to the research problem in hand and 

presented in summary form in the Table 2.2 

 
Table 2.2: Major characteristics of the other Studies Reviewed  

Author Time Horizon 
& 

Country/Region 

Techniques 
Employed 

Major Findings 

Block (1994) 1963 -1988 
39 Countries 

Aggregate 
Production 
Functions 
(with Cobb-
Douglas 
Specification) 

The study identified real exchange rate 
depreciation (proxy variable for policy 
reform) and lagged research expenditures as 
the major determinants, together explained 
as much as two-thirds of the measured 
productivity growth during 1983-88. 

Jayne et al., 
(1994) 

1975-1990 
Zimbabwe 

Profit Function 
Approach 

The results revealed that TFP growth were 
attributed partially to the policy variables 
and their complementarity with earlier 
research and development expenditures. It 
was found that decline in loans and 
investments had been associated with 
decline in TFP growth in late 1980s.  

Cameron et 
al., (1996) 

Canada, U.S.A, 
 U.K , 
 W. Germany 

Cointegration 
Analysis 

The results showed negative empirical 
relationship between inflation and the rate 
of growth of productivity. 
 

Sing and 
Trieu (1996) 

1965-1991 
Japan, Korea and 
Tiawan 

Translogarithm
ic Value 
Added 
Production 
Function 

TFP contributed 50, 29 and 45 percent to 
overall output growth of Japan, Korea and 
Tiawan, respectively. The study considered 
the importance of the accumulation of 
physical capital for TFP growth 

Cornejo and 
Shumway 

1960-1990 
Mexico 

T-T index, 
Cointegration  

TFP growth rate was 2.5 percent. One 
percent rise in research investment 
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(1997) Analysis increased TFP by 0.13 percent, and one 
percent increase in U.S TFP translated into 
1.11 percent increase in TFP in Mexico 
agriculture.  

Fantino and 
Veeman 
(1997) 

1962-1991 
Canada 

T-T Index  
Number 

Estimated TFP growth for Canadian and 
Prairie agriculture was 1.88 and 1.92 
percent per annum, respectively.  

Edward 
(1998) 

1960-1996 
93 Countries 

Aggregate 
Production 
Function 

More opened countries experienced faster 
productivity growth. Institutions, politics, 
and macroeconomic stability were 
determinants of TFP growth. 

Muragi 
(1999) 

1960-1993 
India 

T-T Index  
Number 

TFP growth was low during the green 
revolution years and increased in later 
years. Improved resource management and 
investment in infrastructure were 
responsible for raising productivity. 

Schimmelpfe
nning et al., 
(2000) 

1947-1997 
South Africa 

T-T Index, 
Cobb-Douglas 
Production 
Function 

A massive return to research (ROR) of 170 
percent.  In short-run ROR was 44 percent 
and 113 percent in the long-run. 

Gylfason and 
Herbertsson 
(2001) 

1960-1992 
170 Countries 

Regression 
Analysis 

Cross-country links between inflation and 
growth were significant. Inflation in excess 
of 10–20 percent per year was generally 
detrimental to growth through reducing 
productivity. 

Martin and 
Mitra (2001) 

1967-1992 
50 Countries 

Cobb-Douglas 
Production 
Function 

TFP growth was 0.54 percent per year in 
agriculture, higher than in manufacturing. 
30 countries did better for TFP growth than 
the United States agriculture. The findings 
weakened the case for policies that 
discriminate against the agriculture sector in 
favor of the manufacturing sector. 

Zhang and 
Fan (2001) 

1971-1994 
India 

Regression 
Analysis 

Conducted causality test to investigate the 
relationship between technology and 
infrastructure. They found that 
infrastructure development and productivity 
often affect each other in the long term but 
not in the short run. They concluded that 
infrastructure development showed a 
significant and positive impact on 
productivity growth. 

Cororaton 
(2002) 

1967-2000 
Philippine 

Translog-
Based Growth 
Accounting  

TFP contribution to economic growth 
improved from - 4.26 percent in the middle 
of 1980s to 0.93 percent. Sound 
macroeconomic fundamentals, price 
stability, opening up to foreign trade and 
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investment were critical factors affecting 
TFP growth.   

Fu (2002) 1965-1999 
Taiwan 
Regression  
Period Limited 
to 1981-1999 

Growth 
Accounting 
Framework,  
Least Squares 
Regression 
Method 

An average of 2.28 percent of TFP growth 
for the combined industry and service 
sectors. Exports, imports, government 
public investment, trading volume, research 
and development and the industrial outflows 
were the significant determinants of TFP. 
The findings strongly suggested that free 
trade policy resulted in TFP growth.     

Tokgoz 
(2002) 

1960-1996 
U.S.A 

Fisher’s Index 
Procedure 

Measured technical change and explored the 
link between total factor productivity and 
technical change. The findings of the 
analysis showed that public research and 
development (R&D) activities and 
extension services had a positive impact on 
total factor productivity growth. No 
significant relationship between patents and 
TFP was revealed by the analysis. 

Mamatzakis 
(2003) 

1960-1995 
Greek 

Dual Cost 
Function 
Approach 

The estimates indicated that public 
infrastructure investment provided 
significant returns to agricultural 
productivity growth. The impact of public 
infrastructure on productivity growth in 
livestock and crop production was positive 
but declined since the late 1970s. His results 
strongly suggested that a decline in public 
infrastructure investment could partly 
explain the observed decline in the 
productivity growth of Greek agriculture in 
the 1980s. 

Umestu et 
al., (2003) 

1971-1990 
Philippine 

Malmquist 
Productivity 
Indices 

The study explored the period of positive 
productivity growth with the introduction of 
new rice varieties. Factors affected TFP 
growth were investment in irrigation, 
adoption of tractors, high population growth 
rates, and a better agro climatic 
environment.  

Ma et al., 
(2004) 

1980-2000 
China 

Random 
Coefficient 
Frontier 
Approach  

Meat production increased rapidly due to 
increase in both input level and TFP growth. 
TFP growth dominated input growth. 
Technological progress was responsible for 
the growth in TFP. Livestock feeding 
techniques were the most important that 
derived China’s livestock TFP increase. 

Akinlo 1980-2002 Cointegration External debt, inflation rate, agricultural 



 56

(2005) 34 SSA 
Countries 

Analysis value added, and lending rate had 
significant negative effect on TFP of the 
economy. Human capital, export-GDP ratio, 
credit to private sector, FDI, manufacturing 
value added and liquid liabilities had 
significant positive effect on TFP of the 
economy. The result showed that policies 
that reduce population growth rate, 
facilitates greater openness, sound 
macroeconomic fundamentals, price 
stability, credit resources, and greater 
private participation; would lead to higher 
TFP in the sub- Saharan region. 

Balcombe et 
al., (2005) 

1996-2000 
Poland 

Malmquist 
TFP indices 
derived with 
Data 
Envelopment 
Analysis 
(DEA). 

Farms which recorded an increase in 
productivity were larger, more capital 
intensive, run by younger farmers, and more 
integrated in factor and product markets. 
TFP in Polish agriculture decreased by 2 
percent. The greater exposure to 
international competition during transition 
period allowed progressively Polish farmers 
to improve their technology.  

Coelli and 
Rao (2005) 

1980-2000 
93 Countries 

Malmqvist 
Productivity 
Indexes 

China experienced an average annual 
growth of 6.0 percent in TFP. U.S.A 
claimed a TFP growth rate of 2.6 percent 
and India 1.4 percent. Asia was the major 
performer with an annual TFP growth of 2.9 
percent and Africa was the weakest 
performer with only 0.6 percent growth in 
TFP.  

Crespo 
(2005) 

1948-2002 
U.S.A 
Non-Farm 
Business Sector 

Cointegration 
Analysis 

Examined the presence of unobserved 
components in the time series of TFP. The 
empirical results of the U.S economy 
showed no evidence of the existence of 
cointegration between the series. It had been 
found that the productivity of the cyclical 
component of the two series was very 
similar to one another. 

Herzer 
(2005) 

1960-2001 
Chile 

Cointegration 
Techniques 

There existed a long-run relationship 
between capital goods imports, 
manufactured exports, primary exports and 
TFP. Primary-products exports had 
significant negative impact on TFP. Level 
of TFP increased by 0.174, and 0.056 
percent in response to a one percent 
increase in capital goods imports and 
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exports of manufactured goods, 
respectively. The study concluded that the 
manufactured and primary goods exports 
boosted aggregate productivity. 

Jeong and 
Townsend 
(2005) 

1976-1996 
Thailand 

Growth 
Accounting 
Method 

The analysis decomposed TFP growth into 
four components: occupational shifts, credit 
resources, capital heterogeneity, and 
sectoral Solow residuals. They found that 
73 percent of TFP growth was explained by 
occupational shifts and credit resources. 
They found that expansion of credit was a 
major part of that explained Total Factor 
Productivity (TFP) growth. The remainder 
TFP growth was related to the sectoral 
Solow residuals. 

Jongeneel 
and Ge 
(2005) 

1950-1996 
Dutch 
Agriculture 

Cointegration 
Technique 

Supply of arable, intensive livestock (meat 
and dairy) products was price responsive. 
Public (R & D) expenditure affected 
agriculture. 

Guyomard et 
al., (2006) 

1995-2002 
France 

Malmqvist 
Productivity 
Indices Using 
Data 
Envelopment 
Analysis 
(DEA) 

The study investigated the influence of 
farm’s subsidies on technical efficiency and 
productivity. The authors considered the 
regression results of indices of technical 
efficiency change, technical change and 
productivity change unsatisfactory. The 
analysis also revealed that French farms that 
were more supported were less efficient. 

Jajri and 
Ismail (2006) 

1985-2000 
Malaysian 
Manufacturing 
Sector 

Data 
Envelopment 
Analysis 
(DEA) 

Analyzed the trend of technical efficiency, 
technological change and TFP growth. The 
results showed that during the period under 
study, TFP growth was increasing and the 
major contribution in TFP growth was 
technical efficiency.  

Njikan et al., 
(2006) 

1965-2000 
27 SSA 
Countries 

Cobb-Douglas 
Production 
Function 

The terms of trade variability had a negative 
effect on four SSA countries and a positive 
effect on the TFP of twelve SSA countries. 
The results suggested the outward-oriented 
trade policies, accumulation of physical and 
human capital, enlarging the size of 
financial sector to increase the TFP growth. 

Shiu and 
Heshmati 
(2006) 

1993-2003 
China 

Regression 
Analysis 

TFP had recorded positive growth. FDI and 
ICT investment were significant factors 
contributing to the TFP. Infrastructure, 
educated labor and total investment 
contributed positively to productivity 
growth.  
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2.5 Summary  

This chapter was organized into four sections. First section describes the importance of 

the improvement in agricultural productivity. Increase/Improvement in agricultural 

productivity is essential to alleviate poverty, ensure food security and to meet the 

challenges of the future in 21st century. Second section illustrates the different approaches 

by which the progress in total factor productivity is measured. It also describes the 

shortcomings and advantages of each of the approach and reasons of using non-

parametric approach over the parametric approach. The third section of this chapter 

reviewed the literature on theoretical issues regarding the potential determinants of total 

factor productivity and growth.  

 

In the last section, empirical literature regarding estimation of total factor productivity 

growth and its determinants from Pakistan, Australia and New Zealand and other parts of 

the world has been reviewed. The studies reported in this chapter have estimated total 

factor productivity by parametric as well as non-parametric approaches. In growth 

accounting framework, most of the studies used Tornqvist-Theil index number approach 

for TFP estimation. The literature reviewed showed a mixed trends in total factor 

productivity growth among developed and developing countries. Studies conducted in 

Pakistan regarding this subject as [Wizarat (1981); Rosegrant and Evenson (1993); Khan 

(1997); Ali and Byerelle (2000); Pashe et al., (2002); Sabir and Ahmad (2003); Ali 

(2004, 2005); Khan (2006); Ahmad and Bukhari (2007), Kiani et al., (2008)]. Most of 

these studies had specifically focused only the role of research and development in Total 

Factor Productivity (TFP) growth.  Sabir and Ahmad (2003), Khan (2006), and Ahmad 

and Bukhari (2007) have calculated total factor productivity growth of the economy as 

whole, giving little emphasis to agriculture sector.  
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The factors that could play a role in determining the level of total factor productivity by 

influencing the quality and efficient allocation of resources and their rate of utilization 

are classified under macro determinants. Different macro variables such as inflation rate, 

size of the government, human capital development, physical capital development, 

openness of the economy, credit resources, among others can have direct or indirect 

effect on total factor productivity growth. However, theoretical and empirical works on 

this subject have not specifically focused on TFP of agriculture sector in developing 

countries. Thus for most of these macroeconomic variables, the question of how they 

effect total factor productivity is still open. 
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      Chapter 3 

 Data Description and Variables Specification 
 
 

This chapter discusses the data sources and specification of the variables used in the 

present study. For estimation of total factor productivity of agriculture sector in Pakistan, 

annual time series data were collected on output produced and inputs used in agricultural 

production process. Data on different macro variables were collected to investigate their 

impact on total factor productivity growth of Pakistan’s agriculture. The study covered 

the sample period of 1971 to 2006. 

 
3.1 Introduction 
 
The success of economic analysis depends on the availability of appropriate data. The 

exercise of the productivity measurement specifically in the developing economies is not 

an easy attempt, because even in the best circumstances, one may not have been able to 

get even the basic data with which to proceed. The situation faced in the present study 

with regard to data collection was not some what different. Getting data on the variables 

at macro level was also not an easy task and, therefore, no work has been yet done to 

investigate the impact of macro variables on total factor productivity growth of 

agriculture in Pakistan, separately. So this was the time to take initiative in this research 

area in order to enhance productivity by favorable macroeconomic measures to meet the 

challenges of food security, high population growth, and to sustain the contribution of 

agriculture sector in the economic development of the country. 

 

3.2 Agricultural Output Index (Output Series) 
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Output series included in the total factor productivity estimation of agriculture in the 

present study consists of crop and livestock categories22. Fishing and forestry were not 

included in the analysis because of their insignificant share in the gross domestic product. 

Output series for crop and livestock sub-sector includes thirty three major and minor 

crops, fruits and vegetables and livestock products which were aggregated into divisia 

output index. The detail of different categories of crops and livestock products for which 

the data were collected is as under: 

Cereals: Wheat, Rice, Barley, Jawar, Maize and Bajra. 

Cash Crops: Sugarcane, Cotton and Tobacco. 

Pulses: Gram, Mung, Mash and Masoor. 

Edible Oils: Groundnuts, Sunflower, Safflower, Soyabean, Rapsead and linseed. 

Condiments: Onion, Garlic and Chilies. 

Fruits: Citrus, Banana, Apple, Guava and Dates  

Vegetables: Potato and Tomato  

Livestock: Milk, Beef and Mutton. Poultry sector is emerging as a major contributor to 

meat production, thus data on poultry meat were also included in the output series. 

 

The production data for all categories of crops included in the analysis were collected 

from different official documents23. The output data on beef, mutton, poultry meat and 

milk were collected from various issues of economic surveys of Pakistan. The data from 

these sources were available in different units e.g. in million tones, thousand tones and in 

tones. The time series data on output were uniformed in thousand tones for all categories 

for the purpose of analysis.  

 

The data of output prices for most of the crop and livestock categories from 1991-2006 

were collected from the website of Food and Agriculture Organization (FAO).  The data 

                                                 
22 The share of crop and livestock sub-sectors in agricultural output was 45 percent and 52 percent, 
respectively in the year 2007-08. Again the share of major crops was 38 percent. As these two sub-sectors 
accounts for a lion’s share of agricultural output and thus both are included in the analysis. 
23 Various issues of Agricultural Statistics of Pakistan, Ministry of Food, Agriculture and livestock 
(MINFAL), Economic Wing, Islamabad. Various issues of Economic Surveys of Pakistan, Ministry of 
Finance, Islamabad.  
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for these years were on the producer/farm gate prices. The price data regarding these 

output categories from 1971-1990 were collected from various issues of Agricultural 

Statistics of Pakistan, Government of Pakistan, Ministry of Food, Agriculture and 

Livestock (MINFAL), Economic Wing. The price data for pulses were calculated as an 

average price of different cities. The price data for milk, beef, mutton and poultry meat 

were collected from various issues of Economic Surveys of Pakistan. As farm gate prices 

of output for most of the categories of crops and livestock for early years of the study 

period were not easily available, thus, these were calculated from whole sale prices 

obtained from different official sources described above. It is assumed that farm gate 

prices were uniformly 20 percent lower than the whole sale prices24.  The producer prices 

were available for some of the output categories for a portion of the study period and 

these prices were taken directly without any further calculation. The prices reported in 

official documents were in different units e.g. Rs/Tone, Rs/40 kg etc. Similarly the 

identical unit of prices for crop and livestock sub-sector output series was formulated i.e. 

million rupees per thousand tones. An aggregate output index (29 crops and 4 livestock 

output categories) has been estimated, represented the agricultural output index. All the 

production and price data of 33 output categories have been presented in appendix 13 and 

14, respectively. 

 

3.3 Agricultural Input Index (Input Series) 

 

Land, labor, capital (separately for tractors, diesel tube wells, electric tube wells and 

draught animals), fertilizer off-take (separately for nitrogen, phosphorus and potash), 

pesticide consumption, fodder, wheat straw and concentrates are the input categories used 

in the construction of agricultural input index and the data for these series were collected 

from different official documents.  

 

                                                 
24 The same procedure is also being used by Federal Bureau of Statistics (FBS), when required. Some 
times the harvest prices of minor crops are generally not available, and the gross output in this sub-sector 
is calculated on the basis of prices that are assumed to be 80 percent of wholesale prices compiled by the 
Agricultural Marketing and Grading Department (Fifty Years of Pakistan in Statistics, FBS publication). 
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The use of manures including organic material, crop residues and bio-fertilizers is 

negligible in agriculture in Pakistan (FAO, 2004). After green revolution, the use of 

organic wastes reduced drastically with the advent and easy availability of mineral 

fertilizers (Ijaz, 2010). Moreover, the time series data at aggregate level on the quantity 

and price of said inputs were not available so these inputs were excluded from the 

estimation of TFP of agriculture in Pakistan. Few studies also indicated that in distinct 

past, over utilization and mismanagement of natural pastures had led deterioration of the 

important source of feed for animals. The situation was further deteriorated as no 

concrete steps were initiated for rehabilitation of this natural resource (Quraishi et al., 

1993: Younas, 1997). Natural grazing is free in most of the parts of Pakistan, making it 

difficult to asses its price. To construct agricultural input index, time series data on 

quantity and price of the input variable were required. As the time series data on price for 

this input category were not available, thus this variable could not be included for 

estimating TFP of agriculture of Pakistan.   

 

Land as an input measure was used in the present study in the form of the cultivated area. 

The annual time series data of the cultivated land were collected from various issues of 

Economic Surveys of Pakistan. The service flow from land is measured in terms of 

annual rental value i.e. the value in rupees per hectare. The annual land rent prices were 

obtained from farm management surveys carried out by the government agencies and also 

from various annual issues of support price policy of major crops by Agricultural Prices 

Commission (APCOM), Islamabad. The data on land input in the present study is used in 

thousand hectares of the cultivated area and the land rent value is taken in million rupees 

per thousand hectares. 

 

The labor input used in productivity studies for developed economies as a flow variable 

in terms of working hours. However, in developing countries where data collection at 

national and sectoral levels is still at an undeveloped stage and it is difficult to collect 

labor input series as a flow variable. In Pakistan, data on labor input available in official 

documents is in the form of number of people employed in agriculture. In the present 

study, the original data on labor input were collected from various issues of Economic 
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Surveys of Pakistan. The data were then transformed and the series is measured as a flow 

variables i.e. the number of days worked by agriculture labor force during a year. An 

average of 250 work days in a year was used in the present study. More or less the same 

work days were used in the studies conducted at the locations,25 where similar 

agricultural conditions prevail. The data on labor force employed in agriculture is 

reported in millions in the official documents. Labor input is calculated by multiplying 

the number of agricultural laborers by the average annual workdays i.e. 250. Daily wage 

rates data have been obtained from various issues of Yearbook of Labor Statistics, and 

Labor Force Surveys, Federal Bureau of Statistics. The original data were obtained in 

rupees per day and the data were transformed into million rupees per thousand man days. 

 

The use of capital as an input in agricultural production is getting much importance. 

Capital assets typically enter into agricultural production by rendering productive 

services. From the point of view of productivity measurement, estimation of the flow of 

services emanating from capital stock is more important than the capital stock 

themselves. However, there are problems associated with the estimation of capital stock. 

First one is relating to the land that is, whether it should be viewed as a part of capital 

stock or a separate input. Ball (1985) included farmland in the capital stock of U.S 

agriculture. This confusion has been resolved in the agriculture sector of the developing 

countries. Here land is treated as a separate input. The argument is that land is scarce 

resource, operates at a binding constraints, and thus, different from the other capital 

items. Second problem which can be faced in the capital stock formation is the opposite 

tendencies in the growth capacity of draught animals, and machinery etc. This makes the 

determination of the actual capital capacity quite difficult. The depreciation pattern also 

differs not only between different types of capitals but also between the specific items. 

 

In developing countries, the data pertaining to capital inputs are not as reliable and 

extensive as in the developed economies. It is a matter of great concern that which inputs 

                                                 
25 Khan (1997) has assumed average working days per year to be 265; Evenson et al., (1999) in their 
productivity study of Indian agriculture have used average annual workdays of 244, 244 and 215 for 
Haryana, Punjab and Rajasthan states of India. Ali (2005) has used annual work days of 250 for his study 
of TFP of agriculture sector in Pakistan. 
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be included in capital stock formation for agriculture sector26. As data constraints are also 

severe in this area, therefore, measurement of capital stock in agriculture of Pakistan is 

also at an elementary stage. In Pakistan various studies used different items for capital 

stock formation in agriculture27. 

 

In the present study, researcher included the number of tractors, number of tube wells 

(diesel and electric), and the number of working animals in the capital stock formation. 

The perpetual inventory method (procedure given in section 3.3.1) was used to calculate 

the stock of tractors, tube wells and draught animals after taking into account the 

depreciation of the stock and net annual addition. The depreciation rate was assumed to 

be 10 percent, considering that a ten year life span was quite reasonable. The time series 

data on number of tractors, tube wells and draught animals were collected from various 

issues of Agricultural Statistics of Pakistan. The data on average price of tractors, average 

cost of tube wells installation and the value of draught animals were collected from 

various official sources and from field information. The annual service flow for tractors 

and tube wells was assumed to be 20 percent of the value of the stock of these items. This 

included the 10 percent rate of depreciation. For draught animals, the service flow was 

assumed 15 percent of the annual price series28. 

 

3.3.1 Measurement Procedure for Capital Stock Formation  

 

                                                 
26 Dholakia and Dholakia (1993) in a total factor productivity study for Indian agriculture measure capital 
stock that includes agricultural machinery, farm equipment and tools, transport equipment in farm business, 
land improvements, investment in public and private irrigation, farm houses, and stock of inventories 
including livestock. Wen, (1993) in a TFP study of China's farm sector, used a measure of capital input that 
included only the values of draft animals, non-draft animals, poultry and farm machinery. Evenson et al., 
(1999) use bullocks and tractors as the primary sources of farm draught power in Indian agriculture. 
 
27 Wizarat (1981, 1982) used a composite index of capital that included land rent, capital cost of private 
and public tube-wells, number of tractors and livestock. The Pakistan Institute of Development Economics 
(PIDE) macro econometric model (Naqvi et al., 1983), used the number of tractors as a proxy for capital 
and al1 other auxiliary inputs. Khan (1997) and Ali (2005) had used tractors, tube-wells and work animals 
as the main capital inputs into Pakistan’s agriculture. 
 
28 Khan (1997) and Ali (2005) used 20 percent service flow for tractors and tube wells of the value of their 
stock. Both used 15 percent service flow for draught animals. Depreciation rate used was 10 percent as they 
considered a 10 year life span a reasonable one. 
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The capital stock at any one time represents the sum total of flow of accumulated 

investments over time after taking into account depreciation. The Jorgenson’s perpetual 

inventory method (Jorgenson, 1974) is an appropriate method for estimating the balanced 

capital stock when it is being constantly replenished and at the same time also augmented 

by new investment and at the same time diminished by depreciation. In this method, 

capital stock is calculated which argues that stock of the capital is the accumulation of the 

stream of past investments. 

 

  11  ttt KIK           (3.1) 

 

where tK is the stock of capital at the current year, 1tK  is the capital stock in the 

previous period, tI  represents the flow of the new investments and   denotes the 

depreciation rate. Data requirements for implementing this method include capital stock 

in the bench-mark year, time series on the new investment expenditures in each period 

and an appropriate depreciation rate. 

 

3.3.2 Intermediary Inputs 

 

Fertilizer and pesticide consumption are the important intermediate inputs for the crop 

sub-sector and particularly they cannot be ignored in any study on the measurement of 

productivity growth which includes the green revolution and the subsequent period. 

However, some studies did not use these inputs while constructing their input index and 

some used only fertilizer and ignored the consumption of pesticide in agriculture29. As 

the use of these inputs has increased at a very fast rate in the post Green Revolution 

period, studies that did not properly account for these inputs were not likely to arrive at 

reasonable estimates of total factor productivity growth in agriculture. 

 

                                                 
29 Wizarat (1981) and Khan (1994) did not use any of the purchased inputs in constructing their input index 
as they used crop value-added as their output index. Khan (1997), however, includes only fertilizer in the 
input index. 
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The present study used the fertilizer input in the form of data on fertilizer off-take of the 

three main types of nutrients, namely nitrogen, phosphates and potassium. The fertilizer 

off-take data in (000N/tone) were colleted from various issues of the Economic Surveys 

of Pakistan. The price data reported in Economic Surveys of Pakistan consisted of price 

in rupees per 50 Kg bag. The price of 50 Kg bag was converted first into the price per 

tone of the relevant fertilizer and then into price/nutrient tone of the relevant nutrient 

from the given information of the percentage nutrients content of each marketed 

compound. These conversions were made by the formulae with an example as: 

 

Price of Urea (46% N) per 50 Kg bag = Rs.x 

Price of Urea (46% N) per Metric Ton = Rs. 20x (Using 1000kg =1M. tone) 

Price of Nitrogen per tone= Rs 20x 1/0.46 

 

The effective price in rupees per nutrient ton was calculated by taking a weighted average 

of the prices of each nutrient calculated as above. These prices were then transformed 

into million rupees per 000N/T. 

 

Data on annual imports of pesticides in tons are reported in the official documents along 

with the value of the imports. The data on the quantity (thousand tones) and the value (in 

million rupees) were collected from various issues of Economic Surveys of Pakistan. The 

price in million rupees per thousand tones of imported pesticide was calculated from the 

value of import data by dividing the respective quantity. The imported quantities were 

determined on the basis of anticipated usage. Thus, the quantities imported served as a 

proxy for quantities actually consumed. 

 

While raising animals, more than 70 percent expenditures are incurred on feed. Due to 

increasing human population, the area under fodder production is decreasing at the rate of 

2 percent after each decade. Thus, underfeeding of animals is one of the main reasons of 

low production. This unfortunate situation arises from an inadequate supply of low 

quality feed during any part of the year (Sial and Alam, 1988). Fodder, wheat straw and 

cotton seed cake (concentrate) are the important feed resources used in rearing the 
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livestock.  Data on fodder production from 1980-81 to 2005-06 were collected from 

various issues of Agricultural Statistics of Pakistan in thousand tones. However, the 

fodder production data from 1970-71 to 1979-80 were extrapolated by linking the fodder 

production with livestock population. In Pakistan, about 16 percent of the total cropped 

area is put under fodder crop annually, even then regular supply of adequate and quality 

fodder is not being made (Abrar, et al., 2002). Recognizing the importance of feed 

resources in livestock rearing due to inadequate and irregular supply of green fodder, the 

present study used wheat straw and concentrates (used as substitute) for the first time in 

the estimation of total factor productivity of agriculture. Data on wheat straw were not 

available from any statistical sources. Therefore, the data on this variable were generated 

from the series of wheat production on the basis of 50:50 ratios of wheat and wheat 

straw. The data were calculated in thousand tones. The price data on wheat straw were 

collected from different statistical sources and field information. The data were 

transformed into million rupees per thousand tones.   

 

The oil seed cake (concentrate) is also an essential feed resource for livestock rearing. 

They are high in energy and protein, low in fiber and highly digestible. They are the 

expensive part of animal feed and are used mostly as supplements. Concentrates are of 

much important in milk production (Younas and Yaqub, 2005). Again this created 

problem in data collection for this variable, as the data was not available from any official 

documents. Thus, it has been calculated from the data on cotton production. Time series 

data on cotton production was available in different official documents. It is described 

that cotton contains 58 percent banola and 36 percent lint. Again banola contains 8 

percent oil and 87 percent concentrates. From these percentage figures, data on 

concentrates were calculated for the whole series of analysis in thousand tones. Price data 

were collected from different official documents and from field information. The data for 

concentrates were transformed in million rupees per thousand tones. The basic data of 

inputs, used in agricultural production along with their prices have been presented in 

appendix 15 and 16, respectively.  

 

3.4 Description of Data on Macro Variables 
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Despite the importance of the contribution of factor accumulation to agricultural output, 

the critical effect of TFP on growth has been widely accepted for quite some time30. Total 

factor productivity of agriculture in Pakistan is measured by Tornqvist-Theil (T-T) index 

number approach. In growth accounting methodology, which involves index number, 

researcher see that a change in total factor productivity reflects the change in output that 

cannot be accounted for by the change in combined inputs. Total factor productivity as a 

result reflects the joint effect of many factors i.e. institutional factor, macroeconomic 

factors and weather. When looking at the TFP growth experiences of other countries, 

researcher found that factors such as human capital development, physical capital 

development (including infrastructure), credit resources, technology absorption, openness 

(especially in terms of openness to imports and exports) and macroeconomic stability had 

significant impact on TFP growth. Researcher found that until Pakistan focuses on these 

issues, productivity growth will remain unsustainable. 

 

As it has been previously described that research on the impact of macroeconomic 

variables on TFP growth of agriculture in Pakistan has not been yet conducted separately, 

so, the main objective set for the present study is to identify the macro determinants of 

total factor productivity growth of agriculture. A set of macro variables, have been used 

in literature while studying TFP growth of the economy. Researcher used macro variables 

particularly related to agriculture and can be expected to effect directly or indirectly the 

total factor productivity growth of agriculture sector. The description of these factors 

contributing to TFP growth of agriculture is given below. 

 

3.4.1 Human Capital Development 

 

Human capital is often regarded as the accumulation of education. The studies have put 

forward that educational change influence markedly productivity and economic growth. 

Sharpe (1998) has argued that with stable macroeconomic environment, public support 

                                                 
30 Solow (1956, 1957), Dowling and Summers (1998), and Easterly and Levine (2000) 
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for training, education, and research and development enhances overall productivity of 

the economy. Pashe et al., (2002) emphasized the contribution of primary and secondary 

education in productivity growth. Khan (2006) used expenditure on education as a proxy 

for human capital development to investigate its impact on Total Factor Productivity 

(TFP) of the economy. Akinlo (2005) and Njikam et al., (2006) used secondary school 

enrollment to capture the effect of education on total factor productivity. Similarly 

Nachega and Fountain (2006) stated that a well-educated and healthy work force directly 

or indirectly increases economic growth and total factor productivity. They used average 

number of years of schooling of the labor force as a proxy for human capital 

accumulation. Government intervention in the market for training and higher education 

would likely improve the allocation of resources and thereby raise productivity growth 

over the long term. Investment in education promotes more skilled and specialized labor 

input. Since more skilled workers are better able to adjust in a dynamic, knowledge-based 

economy, and this result in enhanced productivity performance.  As the present study 

confines itself to TFP growth of agriculture sector, thus, the indicator of education 

expenditure, used by Khan (2006), is somewhat a broader measure of human capital, 

while investigating the impact of education on total factor productivity of agriculture 

sector. We used the time series data on primary schools enrollment as a proxy for human 

capital development of the labor force in agriculture. Time series data for this variable 

were collected in thousand numbers from various issues of Economic Surveys of 

Pakistan.  

 

3.4.2 Infrastructural Development 

 

Infrastructure is frequently pointed out in the literature to be a crucial factor effecting 

total factor productivity. Extended infrastructure reduces the direct and indirect cost of 

production. Expansion of any industry requires better macroeconomic environment 

including better infrastructure as well. Hazell and Fan (2002) stressed the importance of 

infrastructure in enhancing productivity in developing economies. Public policies in 

developing countries, which tend to reduce the public investment in infrastructure in rural 

areas, are against the phenomenon of productivity growth. It has been shown in many 
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studies that the public investment on infrastructure in rural areas is playing the role of 

engine for agricultural productivity. Similarly, International Food Policy Research 

Institute (IFPRI, 2002) evaluated the aggregate agricultural productivity of the selected 

developing countries and found infrastructure as a significant determinant along with 

other factors. Infrastructure can be measured either in monetary or in physical form, 

depending on the availability of the data. While conducting analysis at national level, 

both measures can be used as in the form of expenditure on infrastructure or length of the 

paved roads. Fan et al., (2002) explained that rural roads appear to be the important 

determinant while analyzing productivity growth of agriculture in India. Fan and Zhang 

(2004) also discovers the high importance of rural roads in productivity of rural areas in 

China. The data in the present study regarding this variable were collected on the length 

of the roads in thousand kilometers. The data were collected from various issues of 

Economic Surveys of Pakistan.  

    

3.4.3 Credit Resources 

 

In general, financial sector may influence TFP growth through two channels, which are 

known as quantity channel and quality channel. Easy access to credit not only enhances 

economic growth but also the productivity of firm and contributes to total factor 

productivity of the overall economy. Broadly speaking, it is the development of financial 

sector that facilitates the credit, necessary for healthy business and reflects positive 

relationship with total factor productivity. Credit finds new areas of investment under the 

efficient resource allocation. Akinlo (2005) used credit as percent of GDP as an indicator 

of financial development. Nacheja and Fountain (2006) used credit to GDP ratio as a 

proxy for credit resources. Njikman (2006) used credit disbursement to private sector as a 

proxy for financial depth. Researcher used the time series data of credit disbursement to 

agricultural sector as percent of agricultural GDP as a proxy for financial sector 

development in agriculture. The time series data on credit were reported in billion rupees 

in various official documents. Data relating to this variable were collected from various 

issues of Economic Surveys of Pakistan and were transformed into million rupees. 
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3.4.4 Openness of Agricultural Economy 

 

Openness is generally believed to have a favorable impact on economic growth through 

increasing productivity of the economy. It is believed that more open economies can 

grow more rapidly through greater access to cheap imported intermediate goods, larger 

markets, and advanced technologies that contribute to total factor productivity growth31. 

In literature, export to GDP ratio, export plus import to GDP ratio, export plus import as 

percent of GDP (proxy variable for openness of trade) is used (Miller and Upadhay, 

2002; Akinlo, 2005; Khan, 2006; Nachega and Fountain, 2006; Njikman et al., 2006). As 

the focus of the present study is on TFP growth of agriculture sector, thus, we use time 

series of sum of agricultural exports and imports as  percent of agricultural GDP as a 

proxy for the openness of agricultural economy. As export and import data of agriculture 

were not separately available in any official document, so the export and import items 

directly or indirectly related to agriculture were identified and aggregated for each year. 

The different items included in the agricultural exports and imports are food and live 

animals, tobacco, crude material inedible, vegetable oil, manufactured fertilizer and 

agricultural machinery. In value term, the export and import data on these items were 

available in thousand rupees and were transformed into million rupees. The initial data 

regarding exports and imports were collected from various issues of Statistical Year 

Book, Federal Bureau of Statistics, Ministry of Finance, Islamabad.  

 

3.4.5 Macroeconomic Stability 

 

The theorists and policy makers have conflicting views on several occasions, while 

investigating the impact of inflation on growth and productivity. Miller and Upadhyay 

(2000) investigated the negative effect of inflation on TFP in the low- and middle-income 

countries. Akinlo (2005) used inflation as an indicator for macroeconomic stability in a 

study on macroeconomic factors and total factor productivity growth in Sub-Saharan 

countries. As the developing economies signal the impact of money illusion that is why, 

                                                 
31 Lewis (1980), and Grossman and Helpman (1994), Miller and Upadhay (2000), Miller and Upadhay 
(2002), Akinlo (2005) and Khan (2006). 
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inflation is necessary to be included as a macro determinant of total factor productivity. 

Researcher used inflation in the model to capture the stability in the economy, which was 

considered a necessary player for total factor productivity growth. Inflation may add to 

economic growth by generating employment. A positive relationship between inflation 

and total factor productivity can be expected. On the other hand, inverse relationship 

between inflation and TFP can also be found. It might be that high and unstable prices 

create economic uncertainties and discourage investors. It may induce excess capacity 

and reduce factor utilization. Inflation can also encourage capital flight which adversely 

effects the investment and hence the total factor productivity growth. Researcher also 

checked the macroeconomic stability of the economy, using inflation as one of the 

regressor, and investigated its impact on total factor productivity growth of agriculture to 

examine that whether it effect positively or negatively. The time series data on inflation 

rate were collected from website of State Bank of Pakistan.  

 

3.4.6 Per Capita Income 

 

Per capita income was included in the analysis as an explanatory variable to capture the 

direct or indirect effects of income level of the masses on agricultural productivity 

growth. In Pakistan, non-farm income makes the larger proportion of the per capita 

income. The share of non-farm income in the per capita income in rural areas is about 59 

percent, while the share of crop and livestock income is about 41 percent (Adams, 1993). 

Kamal (2006) also indicated that non-farm income represented the largest source of rural 

household income and had favorable impact on income distribution. Thus per capita 

income does not purely reflect the income from agriculture production in Pakistan and 

there are many other sources of income contributing in per capita income.  

 

Moreover, 75 percent of the farmers in Pakistan practices subsistence farming and are 

characterized by the limited resources and small land holdings (Ishaq, 2009). This portion 

of population could not save much from their agricultural income to reinvest in the 

agriculture sector. It is by and large the income form non-farm sources that are being 

used to enhance production capacity of these small farmers. Similarly income levels in 
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the urban areas play a major role in increasing the demand for agricultural products 

especially food (including cereals, fruits and vegetables), dairy, livestock and poultry 

products thus triggering the thrust in the rural areas for increasing productivity. Ali 

(2004) stated that food demand is likely to grow rapidly given the low level of current per 

capita income. What would happen to food demand and agriculture productivity, if per 

capita income of a country rises? The present study made an effort to investigate this 

relationship which was, yet ignored before.   

 

Per capita income of the country may contribute towards the increase in agricultural 

productivity through: 

 

1) Increasing demand for food and other agricultural products. Income elasticity of 

demand for food is high in developing countries like Pakistan. That increase in demand 

may act as an incentive for farmers through change in price and farmers start making 

efforts for efficient utilization of the resources to increase their production.  

2) Increase in per capita income improves the health and education level of the masses 

that, in turn, assume to have positive impacts on productivity though greater access to 

sources of information and better decision making.  

3) Increase in per capita income, especially in the rural areas may assure greater access to 

new technology at farm level which will add to agricultural productivity. 

The data on this variable were collected from website of state bank of Pakistan. Nominal 

per capita income was transformed into real per capita income by GDP deflator (2000-

01=100) in order to annul the affect of inflation.  

 

3.5 Summary 

 

The success of any economic analysis depends on the availability of proper data. The 

availability of data on output and input categories of crops and livestock along with their 

prices is not an easy task. Similarly data on macro variables were also not easily available 

and, therefore, the research to investigate the impact of macro variables on total factor 

productivity growth of agriculture in Pakistan is still lacking.  Output data on 29 crops 
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and 4 livestock categories were collected along with their prices from various official 

documents to construct output index. Data on the input series of land, labor, capital (tube 

wells, tractors and draught animals) and intermediate inputs (fertilizers, pesticide, fodder, 

wheat straw and concentrates) were collected for the period 1971 to 2006 for the 

construction of input index. The manure, organic material and natural pasture were not 

included in the analysis as inputs due to non- availability of data. The procedure of 

capital stock formation has also been described in this chapter. The farm gate output 

prices were taken which are assumed to be 20 percent less than the whole sale prices. 

 

A set of macro variables has been used in some studies in order to investigate their 

impact on total factor productivity growth of the economy. The present study used data 

on macro variables, particularly related to agriculture and is assumed to effect the TFP 

growth of Pakistan’s agriculture directly or indirectly. The data regarding primary 

schools enrolment (proxy variable for human capital development), road length in 

thousand kilometers (proxy variable for infrastructure development), credit disbursed to 

agriculture sector as percent of agricultural GDP (proxy variable for credit resources), 

sum of agricultural exports and imports as percent of agricultural GDP (proxy variable 

for openness of agricultural economy), inflation rate (proxy variable for macroeconomic 

stability) and per capita income were collected from various official sources. 
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      Chapter 4 
Theoretical and Methodological Framework  

 
The present study has been conducted to identify the macro determinants of total factor 

productivity growth of agriculture in Pakistan. In order to investigate a relationship 

between macro variables and agriculture productivity, firstly TFP index has been 

estimated. The study conducts analysis in two stages so this chapter has been organized 

into two parts. Part one describes the methodological framework and the reasons of the 

application of Tornqvist-Thiel index number over the other indices, for estimation of total 

factor productivity of Pakistan’s agriculture. The second part explains the methodology 

employed in the second stage analysis, where impact of macro variables on total factor 

productivity growth of agriculture sector in Pakistan has been explored for the period 

1971 - 2006. This section also discusses the relevant methodological concepts and model 

specification that are applied for empirical analysis in the present study. 

 

4.1 First Stage Analysis: Theory and Determination of Total Factor 
Productivity (TFP) of Agriculture 

 
Different methods of estimating total factor productivity are bound to yield different 

outcomes. As is well known, the Nobel laureate Solow put forward the first operational 

definition of TFP in his path-breaking paper in 1957. He suggested to measure changes in 

Total factor productivity from time‘s’ to time‘t’ as a residual i.e., as 

 

)///(/ TTLLKKYYTFP        (4.1) 

   

Where Y is output, K capital, L  labor, T  land and ,   and   are the respective factor 

shares. The accuracy of estimates depends clearly on the quality of input and output data, 
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which is often poor. Even with perfect data, the Solow residual measures do not 

necessarily yield unbiased outcomes. It is due to the reasons that they neglect the 

environmental losses from agricultural growth. These costs should be deducted from the 

value of output and the exclusion of this operation would cause the residual to 

overestimate productivity growth. Secondly, this may be misleading if the output data 

refer to years at different point of the cycle. This would bias downward the estimate if the 

initial year is a peak, and the end-year is a depression of the cycle, and vice-versa. 

Thirdly, they assumes a Cobb-Douglass production function, with perfect competition, 

constant returns to scale ( 1  ) and, most crucially, constant factor shares. This 

latter assumption would bias the result in case of non-neutral technical progress. The 

residual estimate would undervalue TFP growth if computed with the initial factor shares 

and overvalue it if computed with the final shares. 

 

In principle, one could adjust the output data for environmental losses i.e. Total 

Sustainable Factor Productivity (TSFP). Unfortunately, measuring environmental damage 

is very difficult and there is no universally accepted proxy for it. The bias from the 

selection of benchmark years can be avoided by estimating a chained index or a 

production function over the whole period (with a time trend to estimate the TFP growth 

rate). In this case, it is possible to drop also the assumption of fixed shares, by using a 

suitable specification- such as a translog production function, or a corresponding Divisia 

index. None of these “traditional” measures, however, can distinguish between pure 

technical progress and changes in efficiency.  

 

This distinction is possible by using a different measure, the Malmquist index, which 

entails a thorough methodological shift from the conventional production function 

framework as it does not assume optimizing behavior by agents (Fare et. al., 1998, Ruttan 

2002, Nin et. al., 2003). Linear programming software singles out the frontier units i.e. 

those which achieve the highest output per unit of inputs in each period of time. It is 

possible to compute, for each unit, the “distance” between the actual output and the 

maximum it could have achieved given the available inputs. This distance is a measure of 

its efficiency at any given moment. The productivity change for i-th unit between time‘s’ 
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and ‘t’ could be measured by the ratio of distances, computed with the technologies 

available either at time ‘s’ or at time ‘t’. The measure is obtained, as the Fisher ideal 

index, as a geometric average of the two. 

 

The Malmquist index, unlike the Solow residual, is by its nature a comparative measure, 

which must be computed for a substantial number of units. It is also a relative measure 

and thus it may be negative even if absolute productivity increases. In fact a unit may 

lose ground relative to the “frontier” i.e. become less efficient. In spite of its fine 

theoretical properties, the Malmquist index is subject to all the shortcomings of 

conventional measures. It does not take into account environmental losses, nor possible 

distortions from the use of benchmark years and the two measures of technical change 

differ if technical progress on the “frontier” is not neutral. Moveover, the Malmquist 

index assumes that all units can attain the same level of production given their factor 

endowment.  

 

In the growth accounting framework, the most frequently applied techniques in literature 

to measure total factor productivity are Arithmetic Index (AI) and Tornqvist-Theil Index 

(TTI)  

 

4.1.1 Arithmetic Index Technique 

 

The arithmetic index technique is the simplest measure of TFP for agriculture sector, 

which is defined as a ratio of the total output index to input index32. The input index is 

constructed as a linear aggregation of inputs with input shares in total input cost as 

weights. The index can be easily derived assuming a linear homogenous production 

function and competitive labor markets. Despite its theoretical limitations, it is the easiest 

to calculate. Arithmetic indices use either the Laspeyres formula (with base-year weights) 

or the Paasche formula (using end-year weights) to compute the input and output 

aggregates, sometimes the slightly more sophisticated geometric indices are used as well. 

                                                 
32 Wizarat (1981), Wen (1993), Khan (1994) used arithmetic index technique for estimation of Total Factor 
Productivity (TFP) growth in agriculture.  
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A geometric index, based on the Cobb-Douglas production, involves an arithmetic 

aggregation of logarithms of inputs with factor shares estimated from the production 

function as weights. Following Wen (1993), the simplest version of a TFP Index can be 

algebraically written as: 

 

)()()()(

)(100

MIndexLbIndexKIndexLnIndex

GVAOIndex
TFPI

 


    (4.2) 

 

where the output index in the numerator is based on the Gross Value of Agricultural 

Output (GVAO). The input index in the denominator is a linear aggregation of cultivated 

land (Ln), capital (K), labor (Lb), and material inputs (M), using α β, δ and Φ (the 

respective share of each factor input in total input cost in the base year) as weights33. The 

major drawback of this indexing procedure, however, is that the index is sensitive to the 

choice of factor shares. 

 

4.1.2 The Tornqvist Index 

 

The Tornqvist index has been used in many total factor productivity studies that have 

been conducted in the last two decades34. This sub-section defines the Tornqvist price 

index and the Tornqvist quantity index.  

 

The Tornqvist Price Index 

 

                                                 
 
33 There are two measures of land available in the official statistics of Pakistan cultivated land and cropped 
land. Total factor productivity studies of agriculture have used one or the other measure in their analyses 
(Hayami et al., 1979; Wen, 1993; Coniejo and Shumway, 1997). Researcher used cultivated land in million 
hectares in the analysis of the present study instead of cropped land because data on crop land was not 
easily available. 
 
34 Ball (1985); Fan (1991); Thirtle and Bottomley (1992); Rosegrant and Evenson (1993); Thirtle et al., 
(1995); Coeli (1996); Fantino and Veeman (1997); Khan (1997); and Ali (2004) computed total factor 
productivity growth of agriculture, using Tornqvist-Theil (T-T) index number approach. 
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The Tornqvist price index is a weighted geometric average of the price relatives, with 

weights given by the simple average of the value shares in periods‘s’ and‘t’ (Coelli et al., 

1998). 
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where itP   is the price of the i-th commodity in ‘t’ time period and isP  is the price of the i-

th commodity in the time period ‘s’. itw  and isw  are the weights of i-th commodity in the 

time period ‘t’ and ‘s’, respectively. Tornqvist index is usually presented and applied in 

its log-change form (Coelli et al., 1998) as: 
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The log-change form offers a convenient computational form. In log-change form, the 

Tornqvist index is an average of logarithmic price changes. Furthermore the following 

log-change in the price of the i-th commodity (Coelli et al., 1998) can be written as: 
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Where itP  and isP  are as explained previously. 

 

The above equation represents the percentage change in the price of the i-th commodity. 

Hence the Tornqvist price index, in the log-change form, provides an indication of the 

overall growth rate in prices.  

 

The Tornqvist Quantity Index  
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Mainly two approaches are being used to develop Tornqvist quantity index. The first 

approach is a direct approach, in which a formula is derived that measures overall 

quantity change from individual commodity specific quantity changes. The Laspeyres, 

Paasche, Fisher and Tornqvist indices can be applied directly to quantity relatives. 

 

The second approach is an indirect approach, which uses the basic idea that price and 

quantity changes are two components that make up the value change over the periods ‘s’ 

and ‘t’. So, if price changes are measured directly using the formula in the previous 

section, then quantity changes can be indirectly obtained after discounting the value 

change for the price change. 

 

The Direct Approach 

 

Various quantity index formulas may be defined using price index numbers, by simply 

interchanging prices and quantities (Coelli et al., 1998). The Tornqvist quantity index, in 

its multiplicative and additive (log-change) forms can be written as: 
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where itq  and isq  are the quantity produced of the i-th commodity in time period ‘t’ and 

‘s’, respectively. While itw  and isw are the weights of that particular commodity in total 

output in time period‘t’ and‘s’, respectively. 

 

The Tornqvist index in equation (4.6) is the most popular index number used in 

measuring changes in output quantities produced and quantities of input used in the 

production over two time periods ‘s’ and ‘t’. The log-change form of the Tornqvist index 

in the equation (4.7) is the formula generally used for computational purposes. Preference 
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for the use of Tornqvist index formula is due to many important economic-theoretic 

properties attributed to the index by Diewert (1976, 1981) and Caves et al., (1982b). 

 

 

The Indirect Approach  

 

The indirect approach is commonly used for purposes of quantity comparisons over time. 

This approach uses the basic premise that the price and quantity changes measured must 

account for value changes.  

 

Value Change = Price Change   Quantity Change 

 

ststst QPV            (4.8) 

 

Since stV  is defined from data directly as the ratio of the values in periods ‘t’ and ‘s’, stQ  

can be obtained as a function of stP as shown in the equation below. 
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The numerator in this expression corresponds to the commonly used constant price series. 

Basically, this approach states that quantity indices can be obtained from ratios of values, 

aggregated after removing the effect of price movements over the period under 

consideration. 

 

4.1.3 Advantages of Tornqvist-Theil (T-T) Index Number  

 

At their simplest, total factor productivity studies use arithmetic indices to compute the 

input and output aggregates, using either the Laspeyres formula (with base year weight) 
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or the Paasche formula (using end year weights)35. Sometimes the studies use slightly 

more sophisticated geometric indices36. With the passage of time, as research in this area 

has progressed, the Tornqvist-Theil (T-T) approximation to the Divisia index, which uses 

a time varying, weighting scheme, has come to be viewed as superlative index that is 

exact for the linear homogeneous translog production function. The predominant 

theoretical attraction of this indexing procedure is its association with a less rigid 

production structure than either the arithmetic or geometric indices. The T-T index 

imposes no restrictions on the substitution possibilities between inputs. It is also an exact 

specification for the linear homogeneous translog production function. As the translog 

function represents a second order, local approximation to an arbitrary functional form, 

the T-T index, compared with Laspeyres, Paasche, or Fisher Ideal index, entails fewer 

restrictions between the data and the TFP measure (Alston et al., 1995). 

 

Another practical advantage of the T-T Divisia Index is that it accounts for changes in the 

quality of inputs as it uses current factor prices in constructing the weights and the 

arithmetic index requires prices for only the base year. The (T-T) index provides 

consistent aggregation of output and input under the assumptions of competitive 

behavior, constant return to scale, Hicks-neutral technical change and output input 

separability. The implementation of the T-T approximation to the Divisia Index requires 

prices for al1 years. Productivity studies based on the use of this indexing procedure in 

the context of developing economies, therefore, are not frequently encountered on 

account of its data requirements compared to the more easily computable arithmetic 

index. Due to the shortcomings of the other indices i.e. arithmetic, Fisher and malmqvist 

and the advantages of the Tornquist-Thiel index, the present study uses the T-T index 

number approach to estimate the TFP of Pakistan’s agriculture. 

 

4.1.4 Measurement of Total Factor Productivity (TFP) 
                                                 
35 Wizarat (1981) and Khan (1994) have also used an arithmetic index for analyzing productivity change in 
the crops sector in Pakistan for sub-periods and with a restricted set of inputs. Both authors have used a 
value-added index for the crop sub-sector and, therefore, were not able to include purchased inputs in their 
calculations. 
 
36 A geometric index based on the Cobb-Douglas production function, involves an arithmetic aggregation 
of logarithms of inputs with factor shares estimated from the production function as weights. 
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The main purpose of this sub-section is to describe a computational methods used in 

deriving an index of total factor productivity, over the time of study period. A total factor 

productivity index may be applied to binary comparisons, where two time periods or two 

cross-sectional units compared. It may also be implied to a situation where the TFP index 

is computed for several cross-sectional units.  

 

Considering the total factor productivity index for two time periods‘s’ and‘t’ as. 

 

st

st
st InputIndex

xOutputInde
TFP lnln          (4.10) 

 

In most empirical applications, where TFP indices are calculated, the Tornqvist index 

formula is used for the purposes of output and input index calculations. The Tornqvist 

TFP index37 is defined, in its logarithmic form as in the equation (4.10). Where the 

numerator in the right-hand side of the above equation is the logarithmic form of the 

Tornqvist index applied to output data and the denumerator is the index of input, 

calculated using input quantities and the corresponding cost shares. 

 

In the present study, the productivity change in Pakistan’s agriculture for the period 1971 

to 2006 is measured as the difference between the rate of output change and the cost 

share-weighted sum of input rates of change. As the continuous time derivation of the 

Divisia index cannot be implemented empirically in view of the availability of almost all 

time-series data at discrete intervals, the Tornqvist-Theil (T-T) approximation to the 

Divisia index for TFP estimation is employed in the present empirical work. The most 

frequently used formulation by (Chambers 1988; Capalbo and Antle 1988 ; Thirtle and 

Bottomley 1992) is applied. Expressed in logarithmic form, the Tornqvist-Theil total 

factor productivity index is given as follow: 
 

                                                 
37 It appears that in most of the cases, (T-T) total factor productivity index is considered to be essentially 
the same as the total factor productivity  index 
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where Rit is the share of i-th output in total revenue, itY  is output i, Sjt is the share of input 

j in total input cost, and Xjt is input j, all in period ‘t’. In this specification, revenue shares 

for the output index and cost shares for the input index were updated every time period as 

compared to the use of fixed weights in the arithmetic and geometric indices, thus, 

avoiding the underestimation/overestimation, implicit in a fixed-weight estimation 

procedure. Specifying the index equal to 100 in the base year and accumulating the 

measure based on equation (4.11) provided the total factor productivity index. 
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4.2 Second Stage Analysis: Theory and Determination of Relationship 

between Macro Determinants and TFP 

Cointegration and error correction approaches are used to analyze the time series data in 

which researcher investigated the impact of macro economic factors on productivity 

growth of agriculture in Pakistan. Dealing with the time series data, classical regression 

analysis assumes that time series data are often non-stationary and base of this 

assumption is the t-test, F-test and the χ2 -tests. If time series data are non-stationary then 

use of common statistical methods are not suggested. This fact becomes more important 

because most of the time series are trended over time which if regressed, may be spurious 

in nature i.e. may produce significant results with high R2 which may not have any valid 

implications (Granger and Newbold, 1974). Dealing with time series data, the first step is 

to test for unit root. There are several methods for testing unit root hypothesis but 

Augmented Dickey-Fuller (ADF) test (Dickey and Fuller, 1979, 1981) is commonly used 

in time series econometric literature.  

4.2.1 Augmented Dickey-Fuller (ADF) Test 

The ADF- test is commonly applied for testing stationarity and to make μt white noise. If 

Yt is the data series (data series of estimated total factor productivity index of agriculture 

and other selected macro economic variables), ADF takes the following form.  

          ttt YY   122 1            (4.12) 
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Where μt are assumed to be identically, and independently distributed random variable. 

This test involves of adding unknown number of lagged first differences of the dependent 
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variable to capture auto-correlated omitted variables that would otherwise enter the μt, 

error term. The number of lagged values of the dependent variable to be included on right 

hand side of the above equations often determined empirically. The ADF- test statistic 

also checks the null hypothesis that the time series has a unit root i.e. H0 : ( 3–1) =0. 

against the alternative hypothesis of stationary time series (HA : ( 3–1) ≠0). Joint 

hypothesis of unit root and no trend i.e. H0 : ( 3–1) = 3 =0  can be tested, against the 

alternative hypothesis (HA : ( 3–1) = 3 ≠0) of trend stationary. This can be checked by 

using the  3-statistic with critical values from Dickey and Fuller (1981). 

4.2.2 Cointegration 

The concept of cointegration was first introduced by Granger (1981, 1983) and 

statistically analyzed by Engle and Granger (1987). Cointegration technique provides a 

useful way of identifying and avoiding spurious regressions generated by non-stationary 

series. Thus, basic idea is to identify equilibrium or long run relationships between 

variables. If a long run relationship exists between variables, then divergence from long 

run equilibrium path is bounded, and variables are cointegrated. If this condition is 

fulfilled then it can be concluded that there exists an equilibrium relationship among a set 

of non-stationary variables, which would imply that their stochastic trends must be 

linked. An error correction model looks at this important relationship between change in 

the variable and deviation from the equilibrium. In this case two conditions must be 

fulfilled. First, the series for at least two of the individual variables should be integrated 

of the same order. Second, linear combinations of the variables exist, which is integrated 

to an order lower than the individual variables.  

If variables become stationary after differencing once, they are said to be I(1) and error 

term from the cointegration regression is stationary i.e. I(0) (Hansen and Juselius, 1995). 

Now consider the following cointegrating regression: 

ttt XY            (4.14) 
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If series tY (estimated series of total factor productivity index) and tX (data series of 

macro economic variables) which are I(1) and error term t  is I(0), then the series are 

cointegrated of order I(1,0). The coefficient   in equation (4.14) measures the 

equilibrium relationship between series Y and X , and t  is deviation from the long-run 

equilibrium path. It is suggested that variables should be used in their logarithms while 

testing a cointegrating relationship between variables as it renders data the consistency 

with the underlying model. In a simple random walk with drift, a constant error term 

implies that the relative error is declining over time (Banerjee et al., 1993). This is 

unrealistic as it is more reasonable to assume that the variance is related to the mean so 

that the relative error is constant. The logarithmic transformation implies such an error 

term for the series in levels.  

4.2.3 Approaches for Testing Cointegration 

In the literature, there are two major approaches to test cointegration. These include 

Residual-based ADF-approach proposed by Engle and Granger (Engle and Granger, 

1987) and Johansen’s Full Information Maximum Likelihood (FIML) approach 

(Johansen, 1988, and Johansen and Juselius, 1990). In the Engle and Granger approach, 

first step is to test cointegration and then in the second step residuals are used in an error 

correction model to get information on speed of adjustment in the long run. The major 

weaknesses of this approach include its low power and finite sample biasness. This 

approach cannot be used in a situation where there are more than two variables (Dolado 

et al., 1991; Charemza and Deadman, 1992). So Johansen’s approach is preferred over 

Engle and Granger’s approach. 

The Johansen Approach 

Johansen and Juselius (1990) formulated a general framework for examining multiple 

cointegrating vectors, which allows the estimation of all possible cointegrating 

relationships, exists among the variables. Its main advantage is that it allows number of 

cointegrating vectors to be determined empirically. It also generates maximum likelihood 
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estimates of the cointegrating vectors. The following Vector Autoregressive (VAR) 

model is basis of multivariate cointegration of Johansen Maximum Likelihood approach. 

tktktt ZAZAZ   ......11                  (4.15) 

Where tZ is an (n х 1) vector of I(1) variables having both endogenous and exogenous 

variables, iA is an (n х n) matrix of parameters, t is (n х 1) vector of white noise errors. 

This equation can be estimated by Ordinary Least Square (OLS) because each variable 

in tZ , is regressed on lagged values of its own and all other variables in the system. As 

tZ is assumed to be non-stationary, it is convenient to rewrite equation (4.15) in its first 

difference or error correction form (Cuthbertson et al., 1992) as: 

tktktktt ZZZZ   1111 ........      (4.16) 

Where,      
kii

AAAIandkiAAAI  ,....,,1,.......,1,.....
2121

 

The above specification provides information about short-run and long run adjustments to 

changes in tZ by estimating Г and П, respectively. Equation (4.16) differs from standard 

first-difference form of VAR model only through the inclusion of ПZt-k term. This term 

points out information about long-run equilibrium relationship between variables in tZ . 

Information about number of cointegrating relationship among variables in tZ is given by 

rank of matrix П. If rank of matrix П, is 0 < r < n, there are r linear combinations of 

variables in tZ that are stationary. Here, П-matrix can be decomposed into two matrices 

 and   such that П =  , where   is the error correction term and measures the speed 

of adjustment in tZ and   contains r distinct cointegrating vectors i.e. cointegration 

relationships between non-stationary variables.  

The model may have some variables which are I(0) and are insignificant in long-run 

cointegrating space but effect model in short-run. Under this case, equation (4.16) can be 

written as: 
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ttktktktt DZZZZ    1111 .....    (4.17) 

Where tD  represents the I(0) variable, which are often included to take account of short-

run shocks to system such as policy interventions. 

Johansen and Juselius (1990) described two likelihood ratio tests, trace and maximal 

eigenvalue tests, which provided cointegration rank and estimate long run parameter 

matrix. The trace test is based on stochastic matrix and is defined as: 

 i

p

ri
trace TQ  


1lnln2

1
      (4.18) 

The null hypothesis of this test is that number of distinct cointegrating vectors is less than 

or equal to r (i.e. no cointegrating vector) against alternative of r > 0 (i.e. one or more 

cointegrating vectors). 

The second test, which is called maximal-eigenvalue test, used for detecting the presence 

of a single cointegrating vector, is based on the following: 

   1max 1ln1:ln2  rTrrQ        (4.19) 

This statistics tests the null hypothesis that number of cointegrating vectors is r against 

specific alternative (r+1) cointegrating vectors. The distribution of these statistics 

depends on number of non-stationary components (i.e. the number of variables which are 

testing for cointegration) defined by (n–r).  Monte Carlo has derived critical values for 

the above tests, which are simulated and tabulated by Johansen (1988), and Osterwald-

Lenum (1992). Harris (1995) considered trace test more powerful than maximal 

eigenvalue test.  

4.2.4 Error Correction Mechanism 

Error Correction Mechanism (ECM) explains dynamics of short run adjustment towards 

long run equilibrium. When variables are cointegrated, there is general and systematic 

tendency for the series to return to their equilibrium value. It means that short run 
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discrepancies may be constantly occurring but cannot grow indefinitely which shows that 

adjustment dynamics is intrinsically embodied in the cointegration theory. The theorem 

of Granger representation states that if a set of variables is cointegrated, it implies that 

residuals of cointegrating regression is of order I(0), thus there exists an ECM describing 

that relationship. This theorem explains that cointegration and ECM can be used as a 

unified theoretical and empirical framework analyzing both short run and long run 

behaviour. The ECM specification is based on idea that adjustments are made to get 

closer to long- run equilibrium relationship. Hence, link between cointegrated series and 

ECM is intuitive; an error correction behaviour induces cointegrated stationary 

relationship and vice versa (McKay et al., 1998). 

Let assume that tX  and tY  variables are cointegrated, and the relationship between these 

two can be expressed as ECM. Assuming that tX  is the cause of tY  and both variables 

are considered in logarithmic forms. The ECM can be written as:    

 

tttt ECTDLYDLX   1210       (4.20) 

 

Where, D  represents first difference operator and t  is a random error term. The 1tECT , 

is one period error correction term from the cointegrating regression. The equation (4.20) 

states that tDX  depend on tDY  and also on the error correction term (ECT). If the later is 

non-zero then the model is out of the equilibrium. Consider tDY  is zero and 1tECT  is 

positive, means that tDX  is above its equilibrium value. Since α is expected to be 

negative, the term 12 tECT  is negative and, therefore, tDX  becomes negative to restore 

the equilibrium. This means that if the tX  is above its equilibrium value, it will start 

falling in the next period to correct the equilibrium error (Gujarati, 1995). 

 

4.2.5 Granger-Causality Analysis 
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When the cointegration is established, then Engle and Granger (1987) error correction 

specification can be used to test for Granger Causality.  If the series tY and itX  are I(1) 

and are cointegrated, then the ECM model is represented in the following form: 

 

ttitj

n

i
ti

n

i
t ECTXYY   
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0       (4.21) 
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0      (4.22) 

 

Where,   is difference operator, t  and t  are the white noise error terms, 1tECT  is the 

error correction term derived from the long-run cointegrating relationship. n is the 

optimal lag length orders of the variables, determined by using the general-to specific 

modeling procedure (Hendry and Ericsson, 1991). Null hypothesis was construct as Ho: 

itX  would not granger-cause tY , if t = 0, against the alternative hypothesis H1: itX  

would granger-cause tY , if t ≠ 0. Similarly, tY  would not granger-cause itX , if t = 0 and 

alternative hypothesis is that tY would granger-cause itX , if t  ≠ 0. For its 

implementation, F-statistics are calculated under the null hypothesis that coefficients of 

t and t  are equal to zero in the above equation. When the computed F-value is greater 

than the F-tabulated value, null hypothesis was rejected, explaining the granger cause of 

one variable on the other.  

 

4.2.6 Empirical Model  

 

The empirical framework employed in this study is based on the macro determinants of 

total factor productivity growth of agriculture in Pakistan. The macro determinants of 

total factor productivity growth of agriculture were broadly categorized into human 

capital development, credit resources, infrastructural development, openness of 

agricultural economy, macroeconomic stability and the level of real per capita income. 

The following model has been developed in order to investigate the impact of different 

macro variables of economic and social concerns.  
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),1,,1,,( LPCILSXMLINFLCRDLRLLPSEfLTFP      (4.23) 

 

Where:  

LTFP     =   log of estimated total factor productivity index 

 LPSE     =   log of primary schools enrolment (thousand numbers), proxy for 

                                human capital development 

 LR        =   log of road length (thousand kilometers), proxy for infrastructural 

                                development 

            LCRD1  =   log of credit disbursed to agriculture sector as percent of 

                                agricultural GDP, proxy for credit resources in agriculture 

 LINF      =   log of inflation rate, proxy for macroeconomic stability 

            LSXM1  =   log of sum of agricultural exports and imports as percent of 

                                agricultural GDP, proxy for openness of agricultural economy 

 LPCI       =   log of real per capita income (Rs)  

  

Total factor productivity of agriculture was assumed to be a function of macro variables 

described in the above model and these variables were supposed to be effecting the total 

factor productivity growth of agriculture directly or indirectly. 

 

4.3 Summary  

 

This chapter has been divided into two parts. Part-I described the measurement of TFP of 

agriculture and the Part-II discussed the theory of cointegration and error correction 

model to investigate the impact of macro variables on TFP of agriculture. Index numbers 

are the most commonly used instruments to measure the changes in the level of various 

economic variables. Tornqvist is a formula that plays a major role in productivity 

measurement. Tornqvist-Theil (T-T) approximation to divisia index, which uses a time 

varying scheme has come to be viewed as superior to other indices. In the present study, 

productivity change in Pakistan’s agriculture for the period 1971-2006 is estimated as the 
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difference between the rate of output change and the cost share weighted sum of input 

rates of change, using Tornqvist-Theil (T-T) approximation to divisia  index . 

 

The second part has developed methodological framework for testing unit roots and 

cointegration as well as an application of error correction mechanism which is applied in 

the present study. An appropriate testing strategy based on ADF- test is used to test the 

presence of unit roots among the time series to avoid the spurious regression. The 

framework of cointegration testing procedure developed by Johansen (1988, 1995) and 

Johansen and Julius (1990) is applied to examine the long-run or equilibrium relationship 

between the variables. The Johansen’s method is preferred which allows the estimation of 

all the possible cointegrating relationships exist among the variables. Cointegration 

implies the existence of an ECM, which is a generalization of the partial adjustment 

model. Cointegration and error correction model are being used as a means for the 

analysis of both short-run and long-run behavior of variables. When the cointegration is 

established, then Engle and Granger (1987) error correction specification is used to test 

for Granger Causality to see that whether there is any causal relationship between 

dependent and explanatory variables in the model. At the end of this chapter, total factor 

productivity growth model has been specified with explanatory variables of social and 

economic concern. 
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      Chapter 5 

Total Factor Productivity (TFP) Results, Interpretation and 
Discussion 

 
This chapter presents the results of total factor productivity estimates of Pakistan’s 

Agriculture, its growth rates and contribution to agricultural output growth for the period 

1971 to 2006. The results obtained from the Tornqvist Theil (T-T) indexing methodology 

are discussed for the whole study period and the decade wise explanation of total factor 

productivity growth rates is also given in this chapter. Before discussing the results of 

agricultural TFP growth rates and its contribution to agricultural output growth, it would 

be better to know that how the present study differs from the previous ones and what it 

actually added to the earlier research conducted in this field.  

 

5.1 Early Work and Contribution of Present Study   

 

The present research differs from the earlier studies conducted in Pakistan by a number of 

ways. The previous studies vary in the coverage of inputs and outputs, methods of 

valuing inputs, the indexing procedure used to estimate TFP, and the level of 

disaggregation. These differences made difficult to draw meaningful comparisons and 

reaching on concrete policy conclusions. Wizarat (1981) and Khan (1994) used only crop 
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sub-sector to construct agricultural output index. They did not use any of the purchased 

inputs in constructing their input index. Khan (1997), however, included only the 

fertilizer (among intermediary inputs). Wizarat and Khan have used value added output 

index while Rosegrant and Evenson (1993) and Ali (2004) used gross output index.  

 

The present study differs from the studies of Wizarat (1981) and Khan (1994) in a way 

that it has used livestock sector also to construct output index. Similarly it has used all the 

purchased inputs in constructing the input index. Ali (2004) did not use fodder, wheat 

straw and concentrates as inputs for livestock in constructing input index. He used only 

13 percent of minor crops for output index. The present study took into consideration all 

these issues and included missing inputs (important feed sources for livestock rearing) in 

constructing the input index. It also used wide variety of crops including major crops, 

minor crops, fruits and vegetable, pulses, condiments etc and also poultry meat that was 

not used in the previous studies in the construction of agricultural output index.    

 

Ali and Byrelee (2000) addressed critical issues of long-term productivity of Pakistan’s 

irrigated agriculture. They used data of only 16 irrigated districts of Punjab. They 

estimated TFP of different agro-ecological zones, separately. The present study estimated 

TFP of agriculture by using national level data. Some other studies like Khan (2006) 

identified macro determinants of TFP for the economy as a whole but the present study 

specifically did this job for agriculture sector. Sabir and Ahmad (2003) estimated TFP of 

different sectors and confined it only to structural adjustment reforms program. Ahmad 

and Bukhari (2007) estimated TFP of the economy as a whole and also by sector wise. 

They concluded different factors as value added to agriculture, human capital index, 

cotton production and development expenditures, influencing the TFP of agriculture. The 

present study differs from the previous ones noted above as it gave emphasis only on the 

agriculture sector and identified macro economic factors which can determine the 

direction and speed of agricultural TFP growth in today’s era. 

 

The study in hand added to the existing estimates of productivity growth of agriculture of 

Pakistan by establishing a consistent series of TFP index, output index and input index 
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for the period 1971 to 2006. The major contribution of the present study in the estimation 

of total factor productivity of agriculture is that it used most of the minor crops, fruits and 

vegetables, pulses, condiments among crop sub-sector and poultry meat from livestock 

sub-sector to construct agricultural output index. The present study also used wheat straw 

and concentrates as input for livestock for the first time in constructing input index. 

Another major contribution of the present study is the investigation of the relationships 

among TFP of agriculture and selected macro economic variables. Most of the macro 

variables are the first of their kind which determined the direction of TFP growth of 

agriculture and these relationships gave policy implications to improve/sustain 

productivity growth. Some other macro variables that were previously used in 

productivity studies were investigated in a different way. The variable of human capital 

development was taken in the form of primary school enrolment and the impact of credit 

resources on agricultural productivity was gauged as disbursement of agriculture credit as 

percent of agricultural GDP. The present study also added with the examination of short-

run and long-run impact of macro variables on productivity growth of Pakistan’s 

agriculture. The direction of relationship between productivity growth of agriculture and 

the variables of human capital, credit resources and infrastructural development has been 

explored by the granger causality analysis. 

  

5.2 Total Factor Productivity of Pakistan’s Agriculture: 1971-2006 

  

The partial productivity measures (crop yield per hectare) do not shows the efficiency of 

all the factor inputs like land, labor, capital and other key inputs, being used in the 

process of agricultural production. This can only be done by measuring the total factor 

productivity. So far, some studies on the estimation of total factor productivity of 

Pakistan’s agriculture have been conducted and cited in the literature38. The results of 

these studies are at variance with each other because they suffer from indexing methods 

deficiencies, flaws in the output and input data and specifically different study periods. 

                                                 
38 Wizarat (1981); Khan (1994) have assumed a linear (Cob-Douglas) production function and obtained 
arithmetic index (only crop sector) of output, input, and total factor productivity. Rosegrant and Evenson 
(1993); Khan (1997); Ali and Byrelee (2000); Muragi (2001); Ali (2004), and Ali (2005) estimated TFP of 
Pakistan’s agriculture, using Tornqvist-Theil (T-T) indexing methodology.  



 98

 

In this study, output, input and TFP index of Pakistan’s agriculture has been estimated, 

using Tornqvist-Theil (T-T) indexing methodology. The TFP index was computed with 

gross aggregate output index and the aggregate input index. The gross output index 

included crops as well as livestock products (twenty nine crops and four livestock 

products)39. The input index included land, labor, purchased inputs as fertilizer and 

pesticide consumption in agriculture. The capital input included tractors, tube wells 

(diesel and electric) and draught animals and these have been defined as a flow of 

services. The input index also included fodder, wheat straw and concentrates being used 

for livestock production. 

 

The output and input indices are based on the output and input aggregators as defined in 

the equation 4.11. TFPIP version 1.0 software was used to estimate TFP index of 

agriculture40. It is clear in the specification of equation 4.11 that revenue share for output 

index and cost share for the input index were updated every time as compared with the 

use of fixed weights in the arithmetic and geometric indices. Thus, it avoids the 

overestimation and underestimation, implicit in the fixed weight estimation method. The 

estimated output, input and TFP indices obtained from Tornqvist-Theil indexing 

procedure were set at 100 for the base year 1971 and are presented in the Table 5.1 and 

Figure 5.1. 

 

 

 

 

 

                                                 
39The output index consisted of most of the major and minor crops categorized as cereals, cash crops, 
pulses, edible oils, condiments and important fruits and vegetables. While livestock products included beef, 
mutton and milk production. Poultry meat has also been included in the output index due to its emerging 
importance in the meet industry. Wizarat (1981) and Khan (1994) used only crop sector and not livestock 
sector. No study used wheat straw, concentrates in their input index for livestock sub-sector. The present 
study took into consideration these aspects.  
40 TFPIP version 1.0, a total factor productivity index program, has been used for calculation of total factor 
productivity index. This software compute TFP by calculating each value relative to the previous 
observation as well as calculate the cumulative output, input and TFP indices by setting the value of 1.0 for 
the base year or for the first observation.  
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Table 5.1: Indices of Agricultural Output, Input, and Total Factor Productivity 

(TFP) in Pakistan:  1971-2006 

Year Output Index 
       

Input Index 
      

TFP  Index  
    

1971 100 100 100 
1972 104.72 100.49 104.21 
1973 106.01 103.59 102.34 
1974 110.49 104.17 106.07 
1975 109.78 105.33 104.22 
1976 114.87 108.81 105.57 
1977 117.87 111.94 105.30 
1978 121.83 114.94 105.99 
1979 125.46 118.04 106.28 
1980 132.82 120.69 110.05 
1981 137.18 123.53 111.05 
1982 142.39 126.42 112.63 
1983 149.13 129.45 115.20 
1984 146.75 129.5 113.32 
1985 160.34 129.7 123.63 
1986 174.58 138.94 126.37 
1987 180.88 134.61 134.37 
1988 188.58 141.04 133.71 
1989 200.26 145.21 137.91 
1990 207.52 149.72 138.60 
1991 216.43 148.95 145.30 
1992 233.73 146.94 159.06 
1993 235.10 140.27 167.60 
1994 248.68 142.02 175.10 
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1995 260.70 153.17 172.40 
1996 295.58 153.73 192.27 
1997 282.29 147.67 191.17 
1998 294.39 147.83 199.15 
1999 299.09 166.28 179.87 
2000 314.59 169.85 185.21 
2001 310.19 171.85 180.50 
2002 312.46 175.81 177.95 
2003 322.01 160.75 200.32 
2004 330.23 162.29 203.50 
2005 353.08 173.85 203.09 
2006 367.74 176.94 207.83 
Source: Author’s own calculation 
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Figure 5.1: Output, Input and Total Factor Productivity (TFP) Indices of     
                    Pakistan’s Agriculture:  1971-2006 
Source: Graph constructed from data, of author’s own calculation 
 
Figure 5.1 shows that the output index was set to 100 in the base year i.e. 1971 and it 

approached approximately 368 in the last year of study period. While the series of the 

input index also started from 100 in the base year and reached to the figure of about 177 
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in thirty six years of the study period. As for as the estimated total factor productivity 

index of agriculture in Pakistan is concerned, it touched the number of about 208 during 

the study period, again started from 100 in the year 1971. These indices clearly depicted 

that increase in the agricultural output index was maximum, while increase in the 

agricultural aggregate input index was minimum. This gap was bridged by the increase in 

total factor productivity of agriculture, lies between output and input indices.  

 

The output, input and total factor productivity growth rates of Pakistan’s agriculture have 

been calculated using output index, input index and TFP index, respectively of Table 5.1. 

The average annual growth rates, calculated from these indices are presented in Table 

5.2.  Figure 5.2 also shows the graphical presentation of the average annual growth rates 

of output, input and TFP of Pakistan’s agriculture. 
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Table 5.2: Average Annual Growth Rates (%) of Output, Input and Total Factor                  

                  Productivity (TFP) of Agriculture in Pakistan: 1971-2006 
 

Year Output Input 
Total Factor 

Productivity (TFP)
1972 4.7 0.5 4.2 
1973 1.2 3.1 -1.8 
1974 4.2 0.6 3.6 
1975 -0.6 1.1 -1.7 
1976 4.6 3.3 1.3 
1977 2.6 2.9 -0.3 
1978 3.4 2.7 0.7 
1979 3.0 2.7 0.3 
1980 5.9 2.2 3.5 
1981 3.3 2.4 0.9 
1982 3.8 2.3 1.4 
1983 4.7 2.4 2.3 
1984 -1.6 0.0 -1.6 
1985 9.3 0.2 9.1 
1986 8.9 7.1 2.2 
1987 3.6 -3.1 6.3 
1988 4.3 4.8 -0.5 
1989 6.2 3.0 3.1 
1990 3.6 3.1 0.5 
1991 4.3 -0.5 4.8 
1992 8.0 -1.3 9.5 
1993 0.6 -4.5 5.4 
1994 5.8 1.2 4.5 
1995 4.8 7.9 -1.5 
1996 13.4 0.4 11.5 
1997 -4.5 -3.9 -0.6 
1998 4.3 0.1 4.2 
1999 1.6 12.5 -9.7 
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2000 5.2 2.1 3.0 
2001 -1.4 1.2 -2.5 
2002 0.7 2.3 -1.4 
2003 3.1 -8.6 12.6 
2004 2.6 1.0 1.6 
2005 6.9 7.1 -0.2 
2006 4.2 1.8 2.3 

1971-2006 3.85 1.67 2.14 

Source: Growth rates starts from the year 1972 as the year 1971 serves as the base year. Output, Input and 
TFP average annual growth rates have been calculated from the Tornqvist-Theil  (T-T) Output, Input and 
TFP indices estimated in the current study. 
 
Figure 5.2 shows the nature of growth in output, input and TFP of agriculture in Pakistan 

for the period 1971 to 2006. Figure 5.2 clearly depicts the more volatility in the growth 

rates of all the series in the later part of the study period i.e. during 1990s and afterwards. 

The output, input and TFP growth rates showed somewhat consistent growth pattern 

during the early part of the study period (before 1985). 
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Figure 5.2: Trends of Annual Average Growth Rates (%) of Output, Input and         
                    TFP of Agriculture in Pakistan, 1971-2006 
  Source: Graph constructed from data, of author’s own calculations. 
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Table 5.2 shows that total factor productivity of agriculture has grown at an average 

annual rate of 2.14 percent during the study period (1971-2006). Total factor productivity 

growth accounted for about 56 percent to total agricultural output growth in Pakistan 

during the study period. By viewing the results, it could be reported that total factor 

productivity growth was an important force in the growth performance of Pakistan’s 

agriculture during the last thirty six years. The results revealed that total factor 

productivity growth contributed more than half to the agricultural output growth in 

Pakistan.  

 

As Byrelle (1994) stated that over the long-run, evidences from a number of economies 

suggested that an overall agricultural productivity growth rate of 1.5-2.0 percent, as 

measured by the TFP index could be expected to occur. Thus, a priori expectation set by 

Byrelle was reasonably met by the estimated average total factor productivity growth rate 

of 2.14 percent during the entire period in the present study. The estimate of the total 

factor productivity growth rate is also in line with most of the total factor productivity 

growth rates, estimated in different studies in Pakistan and other developing countries.  

Ali (2004) estimated 2.3 percent average annual growth rate in TFP of Pakistan’s 

agriculture for the period 1960 to 1996, which is close to the findings of the present 

study. His study explained the 58 percent contribution of total factor productivity growth 

in the agricultural output growth. This evidence supported the contribution of 56 percent 

of total factor productivity growth to the agricultural output growth estimated in the 

present study. In a recent study, Ahmad and Bukhari (2007) estimated average TFP 

growth rate of agriculture in Pakistan of 2.4 percent for the period 1973 to 2006. They 

found that contribution of total factor productivity growth to agricultural output growth 

was 62 percent during their study period.  

 

Wizarat (1981), the pioneer in this field in Pakistan, estimated total factor productivity 

growth rate of 1.1 percent for Pakistan’s agriculture which is less from the results of the 

present study. This may be due to different study period i.e.1953-79. The results of green 

revolution and public investments made during the decade of 70s obtained during the 

decade of 1980s which was beyond the range of her study.  Supporting evidences for the 
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results of this study can be gained from the study of Khan (1994) for Pakistan’s 

agriculture with average estimated total factor productivity growth rate of 1.87 percent 

for the period 1980-1993. Ali and Byrelle (2000) in their study conducted in Pakistan’s 

Punjab, also estimated total factor productivity growth rate of 2.25 percent, which was 

consistent with the finding of the present study.  The findings of the present study also 

gained support from the results of the study conducted by Pashe et al., (2002). They 

calculated average annual total factor productivity growth rate of Pakistan’s agriculture 

of 2.4 percent for the period of 1972 to 1998. Their estimated TFP growth rate (2.4 

percent) was close to 2.14 percent, the estimated total factor productivity growth rate 

estimated in the present study. The estimates of TFP growth rate of the present study fell 

within the general range of TFP growth rates estimated in the studies for Pakistan and 

other developing economies. A comparison in this regard has been shown in Table 5.3. 

 

Table 5.3:  Average Annual Growth Rates in TFP in Studies for Pakistan’s      
                   Agriculture and Other Developing Economies 
Study Country/Study 

Period 
Estimation 
Methodology/Nature of 
 Data 

TFP 
Growth 
Rates (%) 

Hayami et al., 
(1979) 

Taiwan/1913-70 
Phillipine/1950-69 

Arithmetic Index/Annual 
Time Series Data 

0.7 
0.7 

 
Wizarat (1981) 

 
Pakistan /1953-
1979 

 
Arithmetic Index/Annual 
Time Series Data 

 
1.1 

 
Rosegrant and 
Evenson (1993) 

 
Pakistan/1956-85 
India/1956-85 

 
T-T index/Cross-section 
District Wise, Annual Time 
Series 

 
1.1 
1.0 

 
Khan (1994) 

 
Pakistan/1980-93 

 
Arithmetic Index/Annual 
Time Series 

 
1.9 

 
Cornejo and 
Shumway (1997) 

 
Maxico/1940-90 

 
T-T index/Annual Time 
Series 

 
2.5 

 
Evenson et 
 al.,(1999) 

 
India/1956-87 

 
T-T index/Annual Time 
Series 

 
1.3 

 
Pashe et al., (2002) 

 
Pakistan/1973-
1998 

 
T-T index/Annual Time 
Series 

 
2.4 
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Ali (2004) Pakistan/1960-
1996 

T-T index/Annual Time 
Series 

2.3 

 
Ahmad and 
 Bukhari (2007) 

 
Pakistan/1973-
2006 

 
Annual Time Series 

 
2.4 

 Source: Various research papers 

 

The results of the present study of TFP growth rate (2.14 percent) are in line with the 

estimated results obtained in most of the previous studies. However, some studies showed 

less total factor productivity growth rates. It may be due to different computational 

method and their early period of study in which the technological change (an important 

part of total factor productivity growth) was not growing as fast as it is today in 

developing countries. The output, input and TFP growth rates in different time horizons 

(decade wise) have been presented in Table 5.4. 

 

Table 5.4:  Average Growth Rates of Agricultural Output, Input and Total Factor 
Productivity (TFP) (Tornqvist-Theil): 1971-2006 

Period Output Index Input Index TFP Index 

Decade Wise Average Growth Rates 

1971-1980 2.88 1.90 (67) 0.96  (33) 

1981-1990 4.23 1.94 (47) 2.24  (53) 

1991-2000 3.02 1.32 (19) 2.46  (81) 

2001-2006 3.46 0.59 (17) 2.86  (83) 

Total Period 

1971-2006 3.85 1.67 (44) 2.14  (56) 

Source: Author’s own calculations 
 
Note:  The numbers in parenthesis in the third and last column are the percent 

contribution of inputs and productivity growth to agricultural output growth, 
respectively. 

 

5.3 Agricultural Total Factor Productivity (TFP) Growth: 1970-71 to     
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      1979-80 

As shown in the Table 5.4, the estimated total factor productivity growth rate during 

1970s was 0.96 percent and the growth rate in the aggregated input was 1.9 percent 

during the same time period. While, the output growth rate between 1971-80 was 

observed to be 2.88 percent. The results revealed the positive growth in agricultural 

output during the decade of 70s, and it was more due to increase in input use than the 

total factor productivity growth. The results at the disaggregated level revealed the 

contribution of only 33 percent of TFP growth to the agricultural output growth and the 

contribution of inputs towards output growth was 67 percent during the period 1971-80. 

This result can best be explained by the increasing trend in the use of inputs in the 

agricultural production process. Cultivated area increased from 16.6 million hectares in 

1971 to 19.33 million hectares in 1980. Labor force also showed an increasing trend from 

10.58 million in 1971 to 13 million in 1980. The consumption of fertilizer and pesticide 

increased four to eight times during this decade. The numbers of tube wells, tractors and 

draught animals increased more than double during this decade (See Appendix 5).  

 

On the other hand, growth in productivity during the decade of 70s was low while the 

average annual agricultural GDP growth rate was 2.4 percent during this decade. There 

were at least three reasons for this poor performance in productivity growth of 

agriculture. First, the government undertook major institutional and structural reforms 

effected agriculture sector with the aim of reducing rural-urban income inequalities. Land 

reforms of 1972 generated considerable short-run uncertainties among land owners about 

the policies of the government. Public sector interventions in the agricultural marketing 

and distribution activities also increased significantly during the decade of the 70s. In 

1972, the sale of sugar was rationed and in 1973, with the creation of Rice Export 

Corporation (REC) and Cotton Export Corporation (CEC), cotton and rice export came 

under government monopoly.  

 

Second, the external environment also affected agriculture adversely. An unfavorable 

shift in the external terms of trade, devaluation of exchange rate in 1972, and OPEC oil 

prices hike resulted in sharp increase in the important inputs. The inflation also reached a 
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peak of 30 percent in 1974. Finally, crop output suffered due to drought conditions in 

1970-72 and in 1974. There was also an unfavorable weather in the shape of heavy rains 

and accompanying floods in 1973-74. The second half of the decade of the 70s also had a 

slower performance in the yield growth of wheat and rice after the peak performance in 

the early Green-Revolution period. Cotton production also reduced due to mass virus 

attack. Due to these entire government disincentive policies, and bad weather conditions, 

productivity growth in agriculture sector could not sustained during this decade and the 

major contribution to output growth attributed to increased use of inputs. 

Wizarat (1981) and Khan (1997) also observed slow productivity growth of only 0.57 

percent and -0.1 percent, respectively during the decade of 70s. Ali (2004) also observed 

lowest growth rates of total factor productivity of 0.93 percent during 1971-75 and also 

lowest of 1.2 percent during the decade of the 70s.  

 

5.4 Agricultural Total Factor Productivity (TFP) Growth: 1980-81 to  

      1989-90 

The contribution of total factor productivity growth to agricultural output growth was 53 

percent during the decade of the 80s as shown in Table 5.4. This showed an improvement 

in total factor productivity growth rate to 2.24 percent from 0.96 percent, compared to the 

previous decade. The results showed that the remaining 47 percent share in the total 

output growth was attributed to input growth. The disaggregated results for the decade of 

the 80s clearly revealed the improvement in total factor productivity growth rate which 

was highlighted from its contribution to output growth from 33 percent during the 70s to 

53 percent during the decade of the 80s. The results also showed a tremendous increase in 

the output growth rate from 2.88 percent to 4.23 percent compared with the decade of the 

70s. The results of the present study for the decade of the 80s are in line with the 

estimated results of Ali (2004). He estimated total factor productivity growth rate of 2.6 

percent for the period 1981-90 which contributed 58 percent to agricultural output 

growth. 

 

The estimated growth rates for the decade of the 80s were positive for output, input as 

well as for total factor productivity. The growth rate in input use was low as compared to 
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output growth and total factor productivity growth rates. The substantial increase in the 

contribution of total factor productivity to output growth can best be explained by 

viewing the policies and other developments that affected the agricultural growth during 

the decade of the 80s. 

 

In the year of the1980, a new policy framework for agriculture was announced by the 

government of Pakistan. It aimed at expanding the role of market forces within the 

agriculture sector by increasing the domestic agricultural prices to bring them at par with 

world prices. The procurement/support prices of major crops were reviewed periodically 

and raised on the recommendations of Agricultural Prices Commission (APCOM)41. The 

change from a fixed exchange rate regime to managed float rate in 1982 devalued the 

currency by 30 percent. With the real exchange rate moving closer to its equilibrium 

value and as a result of large nominal exchange rate devaluation, there was clearly a trend 

of reduced burden of indirect taxation that agriculture sector beard in the past on account 

of the overvaluation of the real exchange rate. 

 

Under the deregulation policy during the 1980s, sugar industry was de-regularized in 

1983 to further enhance the role of market forces. Compulsory procurement of rice was 

abolished in 1986 and the restricted export by private sector was also permitted in 1987. 

The system of mill zones was also abolished in 1987 and the farmers started reaping 

benefits in the form of prices higher than government prices. The strong hold of Cotton 

Export Corporation (CEC) on cotton exports was also broken during this period and the 

private traders were allowed to export cotton. The price system became more flexible due 

to substantial deregulation of markets during this period. With judicious resource 

allocation between and among the sectors, which was more responsive to market forces, 

there was an increase in the efficiency of resource use that provided the basis for 

increased growth in agricultural productivity.  

 

                                                 
41 APCOM was established in 1981 in Islamabad to give recommendations to the federal government for 
procurement /support prices based on, international price trends, cost of production, and net returns to 
farmers. 
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The other evidences showed that during 5th Five-year plan (1979-83) and 6th Five-year 

plan (1984-88) periods, the agriculture sector grew at an average growth rate of 4.4 

percent and 3.5 percent, respectively. Cotton in crop sub-sector and livestock sub-sector 

made the major contribution to these higher growth rates. The production index for fiber 

crop (cotton) almost doubled with per hectare yield rising from 312 Kg/hectare to 615 

Kg/hectare from 177-78 to 1990-91. That productivity response of cotton was largely due 

to technical change embodied in the improved varieties of cotton seed and increased 

efficiency in other complementary inputs. The results of high investments done during 

the decade of the 70s were visible during the 80s with the average agricultural growth 

rate of 5.4 percent during this decade.  

 

The livestock sub-sector grew at an average annual rate of 5 percent during the 80s. This 

achievement was remarkable with comparison of no growth during the decade of the 70s. 

While analyzing the decade of the 80s, and viewing the role of productivity growth, it 

was seen that food grain production also increased enormously during the period 1978-

88. Thus contribution of total factor productivity growth to agricultural output growth 

was privileged due to favorable weather, adequate availability of key inputs which 

increased the efficiency of their use, combined with policy changes for stability in the 

price structure. 

 

5.5 Agricultural Total Factor Productivity (TFP) Growth: 1990-91 to         

      1999-2000 

Total factor productivity growth contributed about 81 percent to agricultural output 

growth during the decade of the 90s as shown in Table 5.4. The table also reveals the 

growth rates of 3.02 percent, 1.32 percent and 2.46 percent in output, aggregated factor 

inputs and total factor productivity of agriculture during the period 1990-91 to 1999-

2000, respectively. Sabir and Ahmad (2003) described the average annual growth rates of 

1.2 percent in all factor inputs during the period 1988-2001. Thus the results of the 

present study (growth rate of 1.32 percent in factor inputs) are in line with the results of 

this study. Findings of the present study are also reinforced with the results of the very 

recent study of Ahmad and Bukhari (2007). They found that for the period of 1988-92, 
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which they said another green revolution, TFP contributed about 87 percent to 

agricultural output growth. 

 

The growth rates in factor inputs in agriculture were not high compared to other sectors 

during the reform period that includes the years of the 90s (Sabir and Ahmad, 2003). 

Agriculture sector showed a declining trend in growth of factor inputs during 

macroeconomic reform period. On the other hand growth in output in agriculture was 

high (3.9 percent) during the reform period. Thus the growth of TFP played a substantial 

part in explaining the pattern of growth in agriculture during the decade of the 90s. Sabir 

and Ahmad (2003) also showed the 2.6 percent growth in TFP during the period 1988-

2001 and it contributed about 68 percent towards economic growth, supporting the 

findings of the present study of this sub-period. One of the explanations regarding this 

phenomenon is that during the decade of the 90s, the government abolished fertilizer 

subsidy and as a result of high prices, efficiency increased in fertilizer consumption, 

which lead to increase in total factor productivity. The improvement in agricultural 

incentives as reflected in the trends in the sectoral terms of trade and support prices, have 

been the significant factors in evoking the high productivity growth during this period.  

 

The 3.02 percent growth rate in output during the decade of the 90s though reasonable, 

but less as compared to the growth rate of 4.28 percent of the previous decade. However, 

the growth rate in aggregated factor input was less (1.32 percent) as compared to the 

input growth rate of the previous decade (1.94 percent). It means that total factor 

productivity contributed more in output growth in the decade of the 90s than the decade 

of the 80s. Different factors were responsible for low output growth in the 90s, as attack 

of Cotton Leaf Curl Virus (CLCV) on important major crop of cotton, floods in the early 

90s and drought conditions in the late 90s. The major contributor to this growth was the 

livestock sector which registered a high growth rate of 11.2 percent during 1995-96 

(GOP, 1996).  

 

5.6 Agricultural Total Factor Productivity (TFP) Growth: 2000-01 to  

      2005-06 
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The average annual growth rates of output, input and total factor productivity of 

agriculture sector for the last six years of the present study were estimated to be 3.46 

percent, 0.59 percent and 2.86 percent, respectively. The average annual growth in output 

and total factor productivity was high during these six years and the average annual 

growth in input use was low during the same time span compared with the decade of 

1990s. Total factor productivity was emerged as a major contributor by accounting for 

about 83 percent to agricultural output growth in the first six years of the 21st century. 

The results of the study of Ahmad and Bukhari (2007) showed average total factor 

productivity growth of 2.8 percent for the period 2003-06. They concluded that for the 

period 2003-06, total factor productivity growth contributed about 72 percent to the 

agricultural output growth. The results of the present study for these years are not much 

different from the findings of this study. The slight differences in the findings were due to 

different output and factor inputs used in the construction of output and input indices. 

 

The growth rate in the production of major crops which accounted for by 37 percent of 

agricultural value added was well off during the first six years of the 21st century. The 

wheat production increased from 19 million tones in the year 2000-01 to 21.3 million 

tones in the year 2005-06. Similarly, rice, cotton and maize production increased to 5.5, 

2.2 and 3.1 million tones from 4.8, 1.8 and 1.6 million tones, respectively during the 

same time period. On the other hand, growth in input use was not high during these six 

years. The increase in the cultivated area was only from 2.2 to 2.3 million hectare, and 

the labor force increased from 1.80 to 1.86 million during the last six years of the study. 

The growth in fertilizer and pesticide consumption was also moderate in the same time 

span. Fodder consumption remained stagnant during this period. The year 2004-05 was 

good for agriculture, which had unprecedented rise in cotton production and a near 

bumper wheat crop resulting from widespread and timely winter rainfall as well as 

increase in its support price. Agriculture surpassed its target of 4 percent for this year by 

a wide margin and registered an impressive growth of 7.5 percent. Some contribution to 

agriculture growth also came from rice production, which grew by 2.7 percent in 2004-

05. This entire picture clearly depicted the good performance in the growth rate of 

agricultural TFP and its contribution to agricultural output growth.  
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The government policies at macroeconomic level played a pivotal role in increasing the 

contribution of total factor productivity to agricultural output growth during these years. 

The volume of credit disbursed to agriculture sector increased tremendously during these 

years. The volume of agricultural trade has also been increased during early years of 21ist 

century. Development in infrastructure particularly in rural roads showed their results 

during these years.   

 

5.7 Summary 

 

This chapter indicated the differences among the present research and the previous 

studies conducted in Pakistan. It also highlighted the possible additions which this 

research accommodated and were not the part of the previous research. This chapter 

presented the results of output, input and TFP indices of Pakistan’s agriculture for the 

period 1971 to 2006. The results of growth rates for these parameters, calculated from the 

estimated indices have also been explained in this chapter.  The results indicated that the 

growth in output is higher than the aggregate input growth rate over the study period. The 

gap between output and input growth rates was bridged by the contribution of total factor 

productivity growth. The result showed that total factor productivity of agriculture has 

grown at an average annual rate of 2.14 percent during the study period. Total factor 

productivity growth of agriculture accounted for about 56 percent in the total agricultural 

output growth. The results explained that TFP growth was a significant force in the 

growth performance of agriculture in Pakistan. The results obtained from this analysis are 

in line with a priori expectation of (1.5-2.0 percent) for agricultural productivity growth 

set by Byrelle (1994). 

 

This chapter also explained the results at the disaggregated level i.e. for decade wise. The 

growth rates in output, input and total factor productivity showed a mixed trend, with 

highest TFP growth rate (2.86 percent) during the first six years of the 21st century and 

the lowest TFP growth rate (0.96 percent) during the decade of the 70s. The period of the 

80s and the 90s also had a positive output and total factor productivity growth rates of 
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agriculture. The results of the present study have also been compared with the findings of 

the previous studies, conducted in Pakistan and found that results of most of the studies 

are in line with the findings of the present study. Different public interventions, 

government policies and weather were the key factors in changing the trend in TFP 

growth during different time horizons. 
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          Chapter 6 

Relationship Between Macro-Economic Variables and Growth in 
TFP in Agriculture 
 
 

In Pakistan, little work has been done to examine the impact of different macro variables 

on total factor productivity growth of agriculture, separately. Some studies explored the 

relationship between different macro variables and the growth rate of TFP for the whole 

economy. A very few studies are there which tried to establish this relationship at 

disaggregated level specifically for agriculture42. This Chapter further consisted of two 

sections. Section one presented the results of the stationarity and non-stationarity of the 

time series, obtained from the unit root tests, described in part-II of Chapter 4. Section 

two discussed the results of cointegration, error correction model and the Granger-

Causality analysis based on the methodology and procedure developed in Chapter 4. 

 

6.1 Stationarity in Time Series  
 
The first section of this chapter analyzed the time series data of different variables 

included in the model for unit root and stationarity which is of prime importance in order 

to avoid the spurious regression results. 

 
6.1.1 Introduction 

 
The data on most of the economic time series exhibit trend i.e. the mean of the time series 

changes overtime. Such series are termed as non-stationary (Nelson and Plosser, 1982; 

Perron, 1988). Most of the macro economic data has a unit root when first differences are 

calculated. Thus in order to avoid the problem of spurious regression, the first step in 

time series econometric analysis is to test the series for the presence of the unit roots. It is 

very important to examine the order of integration of each and every variable in the 

                                                 
42 Pashe et al., (2002) quantified different factors to growth of TFP for individual sectors and then for the 
economy as a whole. Sabir and Ahmad (2003) explained the contribution of total factor productivity in 
Pakistan’s economy prior to reform and during the reform period. Ahmad and Bukhari (2007) also 
estimated TFP of the economy of Pakistan for the period 1973 to 2006 both at aggregated and 
disaggregated level.  
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model in order to establish the fact that whether it contains the unit roots or not. If the 

series has a unit root, then for how many times it needs to be differenced to achieve a 

stationary time series is a matter of investigation. The danger of spurious regression has 

been understood since Yule (1926) and the regressions using time series to determine 

economic relationships often give highly autocorrelated residuals, which can bias 

conventional hypothesis tests (Granger and Newbold, 1974). 

 

In the present study, time series data for 1971 to 2006 on the variables of total factor 

productivity index of agriculture, primary schools enrolment (human capital 

development), credit disbursed to agriculture sector as percent of agricultural GDP (credit 

resources), road length (infrastructural development), volume of agricultural trade i.e. 

sum of agricultural exports and imports as  percent of agricultural GDP (openness of 

agricultural economy), inflation rate (macroeconomic stability) and per capita income 

were tested for unit roots. The unit root test was performed by using software Microfit 

4.1(Pesaran and Pesaran, 2001). 

 

This section is further organized as follows: sub-section 6.1.2 presented an informal 

graphical presentation of the data series in order to examine the existence of unit roots. 

The results of testing the null hypothesis of unit root (non-stationary) against the 

alternative hypothesis of stationarity are presented in the sub-section 6.1.3. The ADF- test 

was used to test the above hypothesis.   

 

6.1.2 Graphical Demonstration of the Variables 

 

Before employing the formal testing procedure, all the data series were visually inspected 

by the graphical demonstrations. The graphical presentation showed the qualitative 

features such as trend in any given data series. Trended variables are supposed to have 

variations in their means and variances. Therefore, visual inspection may reveal 

information about the presence of stationarity or non-stationary at their level and first 

difference form. The graphs of the data series of Total Factor Productivity Index (LTFP), 

Primary Schools Enrolment (LPSE), Agricultural Credit Disbursement as percent of 
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Agricultural GDP (LCRD1) and Road Length (LRL), showed linear trend at their level 

form. The graphs further revealed that the data series of sum of Agricultural Exports and 

Imports as percent of Agricultural GDP (LSXM1) and the Rate of Inflation (LINF) were 

stationary at their level form. The graph of real Per Capita Income (LPCI) did not reveal 

clear information about stationarity or non-stationarity of the data series; as such decision 

was made employing ADF-test statistics because in scientific research formal testing 

procedures have got more importance than visual demonstration of variables to draw 

conclusions about their stationarity or non stationarity (Gujarati, 1995). The graphs of all 

data series in their level as well as first difference form are presented in Appendices 6-A 

to13. 

 

6.1.3 Unit Root Test Results 

 

It is important to determine the order of integration of the variables before testing 

cointegration among them; otherwise the variables will give the biased estimates. In order 

to fulfill these requirements, researcher formally tested stationarity and unit root of 

variables including the estimated series of total factor productivity index of Pakistan’s 

agriculture and other macro variables described above. For testing of the unit roots, all 

the data series have been taken in the log form.  

ADF- test was performed for testing the unit roots in the variables.  Null hypothesis of 

the unit root were tested against the alternative hypothesis of stationarity by the ADF 

regressions, including an intercept but not a trend and with an intercept and a linear trend. 

Maximized log-likelihood (LL), Akaike Information Criterion (AIC), Schwarz Bayesian 

Criterion (SBC) and Hannan-Quinn Criterion (HQC) were used to determine the optimal 

lag length for the augmented terms. The computed absolute value of the test statistic was 

checked against the maximum values of these criteria with the 95 percent absolute critical 

value for the ADF- statistic. When the computed absolute test statistic value was greater 

than the absolute critical value, the null hypothesis of unit root was rejected which 

employed the stationarity in the time series. On the other hand, when the absolute test 

statistic value was less than the absolute critical value, the null hypothesis of the unit root 

was accepted, employing that series was non-stationary. The results are presented in 
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Table 6.1 and Table 6.2; using equations 4.12 and 4.13 for testing with intercept and no 

trend and with an intercept and a linear trend, respectively.  

Table 6.1: ADF- Unit Root Results of the Selected Variables in Level Form 

Variables Non-Trended Trended 3  Conclusion 

LTFP -0.41 -2.20 2.51  

LPSE -0.37 -2.60 3.35  

LCRD1 -1.64 -1.61 4.53  

LRL -3.89 -3.32 2.67  

LINF -3.97 -2.59 9.12 I(0) 

LSXM1 -2.82 -3.91 8.44 I(0) 

LPCI -0.37 -4.25 9.31 I(0) 

C.V -2.96 -3.57 6.73  

Source: Author’s own calculations 
Note: C.V is critical values for 5 percent significance level 
 

Table 6.1 shows that the absolute computed values of the variables [(Total Factor 

Productivity index (LTFP), Primary Schools Enrolment (LPSE) and Credit Disbursed to 

Agriculture Sector as percent of Agricultural GDP (LCRD1)], in the level form were less 

than absolute critical values (5 percent significance level), both for trended as well as for 

the non-trended models. The 3 -test also supported the results of the first two models, as 

the computed value was less than the critical value for the said variables. Thus the null 

hypothesis of unit root was accepted at 5 percent significance level and concluded that 

the above mentioned data series were non-stationary in the level form. The absolute 

computed value for the variable of Road Length (LRL) was less than the critical value at 

the 5 percent level of significance for the ADF-statistic in the trended model but greater 

than the critical value in the non-trended model.  The 3 -test was performed and the 

results indicated that computed value was less than the critical value at 5 percent 

significance level. Thus out of three models, two suggested the non-stationarity in the 
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data series of road length and thus the null hypothesis of unit root for the variable of road 

length was accepted. 

  

The variables of Openness (LSXM1), Inflation Rate (LINF) and real Per Capita Income 

(LPCI) were also analyzed for presence of unit root in level form.  Table 6.1 shows that 

computed absolute value of test statistic for the variable of Inflation Rate (LINF) 

appeared to be stationary in non-trended model. However, the other two tests (trended 

and 3 ) suggested that data series was stationary at its level form as the computed values 

were greater than the absolute critical values. Thus out of three models, two suggested the 

stationarity in the series of inflation rate, so the null hypothesis of unit root for this 

variable was rejected. Thus it was concluded that the variable of inflation rate (LINF) 

was stationary at the level form. The absolute computed value was less than the critical 

value at 5 percent significance level in the non-trended model for the variables of 

Openness (LSXM1) and real Per Capita Income (LPCI). But when trend was included in 

the model, the results were different. The computed absolute value of the test statistic for 

the trended model for these variables in the level form was greater than the 95 percent 

absolute critical value for ADF- statistic. These results were also confirmed by 3 -test, 

which showed the stationarity in the variables of openness and per capita income.  Thus 

the null hypothesis of the presence of unit root was rejected at the level form for these 

variables and it employed that these variables were stationary at the level form. Thus 

these variables (LINF, LSXM1, LPCI) were said to be integrated of order zero denoted 

by I(0). The variables which were non stationary at the level form, analyzed again in the 

first difference form to check stationarity. The results of the first difference form are 

presented in Table 6.2. 
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Table 6.2: ADF-Unit Root Results in First Difference Form 

Variables Non-Trended Trended Conclusion 

DLTFP -6.62 -6.50 I(1) 

DLPSE -6.21 -5.21 I(1) 

DLCRD1 -3.97 -3.88 I(1) 

DLRL -5.85 -6.70 I(1) 

C.V -2.96 -3.57  

Source: Author’s own calculations 
Note: C.V is critical values for 5 percent significance level 
        

 

Table 6.2 shows that all the variables which were non stationary in the level form, when 

taken in first difference form, the absolute computed values of the test statistics were 

greater than the 95 percent absolute critical values for the ADF-statistic. The absolute 

computed values were greater both for the trended and non-trended models. On the basis 

of the results of ADF regression, the null hypothesis of unit root in their first differences 

form was rejected. Thus in the light of the results, it was concluded that the data series on 

the variables of LTFP, LPSE, LCRD1 and LRL became stationary after differencing 

once. These variables were said to be integrated of order one, denoted by I(1). 

 

An interestingly finding was the stationarity of the time series of real per capita income at 

its level form. Apparently it seemed surprising that variable of real per capita income was 

stationary in its level form. While investigating the data, it was found that there was a 

nominal increase in real per capita income over the time in Pakistan which may be due to 

the effect of high inflation. Statistical investigation indicated that out of three models, 

two suggested the stationarity in the time series of real per capita income. Thus based on 

the results of statistical analysis, the variable of real per capita income was treated as 

stationary at the level form.   
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6.2 Cointegration and Error Correction Model 
 

After testing the unit roots in the given data series, the next step was to estimate 

cointegrating regression. Two conditions must be fulfilled for the variables to be 

cointegrated. First, all the individual variables should be integrated of the same order and 

secondly the linear combination of these variables should be integrated to an order lower 

than the order of integration of the individual variables. The present study used the 

Johansen’s Full Information Maximum Likelihood (FIML) approach. The first step in 

this approach was to identify the order of VAR followed by testing the presence and 

number of cointegrating vectors among the series to determine long run relationship 

between the variables. After establishing the cointegration among the variables, Error 

Correction Model (ECM) was used to estimate the short-run elasticities.  

 

6.2.1 Selection of the Order of VAR 

 

The first step in the Johansen’s procedure was the selection of the order of Vector 

Autoregressive (VAR). The order of the Vector Autoregressive (VAR) for this model 

was selected using equation (4.15) discussed in Chapter 4. Adjusted LR-tests, Akaike 

Information Criterion (AIC), and Schwarz Bayesian Criterion (SBC) were carried out on 

the Vector Autoregressive (VAR) with a maximum of four lags. The results regarding the 

selection of the order of VAR for total factor productivity growth model are presented in 

Table 6.3. 
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Table 6.3:  Selecting the Order of VAR for Total Factor Productivity (TFP) Growth  

                   Model 

List of Variables Included in the Unrestricted VAR: 

LTFP        LPSE         LRL           LCRD1 

List of  Deterministic and/or Exogenous Variables: 

Constant   LINF          LSXM1      LPCI            

Order AIC SBC Adjusted LR Test 

4 141.706 83.076 ______ 

3 122.454 75.550 26.439 [0.048] 

2 117.114 81.936 42.443 [0.103] 

1 118.086            94.616      53.728 [0.264] 

0 60.671 48.945 108.776 [0.000] 

Source: Author’s own calculations 
AIC=Akaike Information Criterion      
SBC=Schwarz Bayesian Criterion 
Note: p-values are in parenthesis 
        
The results indicated that the Akaike Information Criterion (AIC) and the Schwarz 

Bayesian Criterion (SBC) criteria selected the order of VAR 4 and 1, respectively. It was 

evident that adjusted LR-test statistics rejected the order 0, but did not reject a VAR of 

the order 1 because at order one, the parenthesis value of adjusted LR-test was greater 

than 0.05. The present study has short time series (36 observations). Thus in order to 

avoid over-parameterization, and also in the light of the statistics (Table 6.3), the order of 

VAR one (1) was selected.  

 

6.2.2 Estimation of Cointegrating Vectors 

 

The second step in Johansen procedure is to test for the presence and the number of 

cointegrating vectors among the series in the model. The rank of the cointegration i.e. the 

number of the cointegrating vectors was selected by using the maximum eigen values and 

the trace values test statistics. The Johansen cointegrating results of the existence and 

number of cointegrating vectors among the series in the total factor productivity growth 

model are presented in Table 6.4 and 6.5. 
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Table 6.4: Cointegration Results for Total Factor Productivity (TFP) Growth Model 

Cointegratig LR test based on maximum eigen values of the stochastic matrix 
 
List of variables included in the cointegrating vector:  
LTFP       LPSE         LRL       LCRD1 
INTERCEPT   
List of  I(0) Variables Included in the VAR: 
LINF       LSXM1      LPCI     
H0: (No Cointegration) H1 (Cointegration) Test Statistic 95 % C. Values 

r = 0 r = 1 34.318 28.2700 

r <= 1 r = 2 17.818 22.0400 

r <= 2 r = 3 8.632 15.8700 

r <= 3 r = 4 2.169 9.1600 

Source: (Author’s own calculations)  
Note: r is the number of cointegrating vectors 
 
 
Table 6.5: Cointegration Results for Total Factor Productivity (TFP) Growth Model 

Cointegratig LR test based on trace values of the stochastic matrix 

List of variables included in the cointegrating vector:  
LTFP       LPSE          LRL        LCRD1 
INTERCEPT   
List of  I(0) Variables Included in the VAR: 
LINF        LSXM1      LPCI      
H0: (No Cointegration) H1: (Cointegration) Test Statistic 95 % C. Values 

r = 0 r = 1 53.895 53.4800 

r <= 1 r = 2 28.577 34.8700 

r <= 2 r = 3 10.759 20.1800 

r <= 3 r = 4 2.127 9.1600 

Source: (Author’s own calculations) 
Note: r is the number of cointegrating vectors 
        
 

 



 124

Results of both the tests (maximum eigen values and trace values) revealed that there was 

one cointegrating vector in the data series, as first statistic value for both the tests was 

greater than the 95 percent critical value (Tables 6.4 and 6.5). According to Harris (1995) 

the number of cointegrating vector was one when the null hypothesis was rejected for the 

first time. It can safely be said that there was one cointegrating vector among the data 

series concerned. Following the testing procedure, the restricted intercept and no trend 

was found to be the appropriate model to identify and assess the relationship among total 

factor productivity and the macro variables.  

 

6.2.3 Johansen’s Normalised Estimates 

 

Cointegration analysis offers an improved method to estimate the long-run dynamic 

relationship among time series economic variables. The Johansen method is a form of an 

Error Correction Model and in the presence or existence of one cointegrating vector, its 

parameters can be interpreted as estimates of the long-run cointegrating relationship 

among the series (Hallam and Zanoli, 1993). The estimated parameter values in the 

equation (6.1), when normalized on the series of TFP index were the long-run elasticities. 

The coefficient values in equation 6.1 have been calculated by using the equation 4.16, 

described in Chapter 4. The variables of Primary School Enrolment (LPSE), Road Length 

(LRL) and Credit Disbursed to Agriculture as percent of Agricultural GDP (LCRD1) 

were non stationary at the level form and became stationary after first difference. Thus 

these three variables were selected to explain the long-run relationship with TFP index. 

These coefficients represented estimates of long-run elasticities of human capital 

development, infrastructural development and credit resources in the total factor 

productivity growth model and these long-run elasticities are presented in the equation 

(6.1). 

 

LTFP= 0.64LPSE + 0.07LRL + 0.03LCRD1      (6.1) 
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6.2.4 Error Correction Model Estimates 

 

The concepts of cointegration and error correction modeling are closely correlated43. The 

cointegration has been established among the variables included in the present study; so, 

the dynamic Error Correction Model (ECM) framework was employed for total factor 

productivity analysis as it avoids from the fake regression among the variables and also 

provides information about the adjustment speed to long-run equilibrium (Engle and 

Granger, 1987). The error correction model equation for total factor productivity growth 

model of agriculture is given as under: 

 

           (6.2) 

 

In the above ECM equation, the variables in first difference form are (indicated by D ), 

 ’s explain the short-run effect on the dependent variable i.e. on Total Factor 

Productivity (TFP) index due to changes in the explanatory variables. The long-run 

equilibrium effects are represented by the ’s in the above equation. Due to limited 

number of observations, this type of ECM was difficult to estimate. Therefore, a reduced 

form of error correction model was estimated for TFP index as under: 

 

    

                                                                  (6.3) 

                                     

Where )1( 1111   tttt LCRDLRLLPSEECM  . This equation corresponds to the 

residuals of the long-run cointegrating relationship in the equation (6.1). In the estimation 

of an ECM for total factor productivity of agriculture, the same number of lags as were 

taken in the tests for unit root and in the cointegration i.e. in this case were four was 

included. The parameters from the Johansen cointegration regression of the equation 

(6.1) were the estimates of the long-run elasticities. The coefficients of the difference 

                                                 
43 The method brings together short-run and long-run information in modeling time series data via an error 
correction model (ECM) (Perman, 1991; Ericsson, 1992). 
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terms in the error correction model (equation 6.3) were the estimates of the short-run 

elasticities. 

General to specific modeling procedure was followed in selecting the correct and 

preferred ECM. The results of the ECM presented in the Table 6.6 are from the model 

selected on the criterion of goodness of fit, data coherence, parsimony of the parameters 

and consistency with the theory (Hendry and Richard, 1982). Different diagnostic tests as 

for the t-ratio tests of the coefficients, R2 for goodness of fit, LM-test for serial 

autocorrelation, Ramsey’s RESET-test for functional form misspecification and 

normality by the Jarque-Bera test are also presented in the Table 6.6.  

 

Table 6.6: Error Correction Model Estimates 

Regressor Short-run Long-run 

Constant  2.52  (1.95) 

DLPSE 0.03   (0.20)NS 0.64  (4.44)* 

DLRL 0.01   (0.04)NS 0.07  (1.91)** 

DLCRD1 0.05   (0.59)NS 0.03  (0.38)NS 

LINF -0.03  (-1.87)**  

LSXM1   0.19 (1.82)**  

LPCI 0.06   (0.30)NS  

ECM 1 (-1) -0.23  (-2.39)**  

R2 0.52 LM- 2                0.062 

D.W 2.14 RESET- 2          0.937 

Jarque-Bera 

Normality- 2  

0.612  

Source: (Author’s own calculations) 
Note: a)   t-ratios are given in parenthesis 

b)    “ * ” and “ ** ” indicates significances level at 5 percent and 10 percent,      respectively; and 
c)   NS denotes the non-significances of the coefficients. 
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Table 6.6 highlights the contribution of different macro economic factors on TFP growth 

of agriculture sector and shows the estimates of long-run and short-run elasticities of 

variables included in the total factor productivity growth model, along with their 

significance level. The signs of the estimated coefficients of all the macro variables were 

according to a priori expectations. The primary school enrollment, used as proxy variable 

for human capital development showed a positive sign with TFP of agriculture. The 

results indicated that one percent increase in the primary schools enrollment 

(improvement in the educational capability of the labor force) increased total factor 

productivity of agriculture by 0.64 percent in the long-run and only 0.03 percent in the 

short-run. In the long-run, the variable of primary schools enrollment (human capital 

development) was highly significant but insignificant in the short-run.  

 

The results of the variable showed that human capital improvement accounted for a 

significant contribution towards total factor productivity of agriculture. The results 

confirmed that human capital was an important determinant of total factor productivity of 

agriculture in Pakistan. Some other studies conducted in Pakistan and in other countries 

showed similar findings. Benhabib and Spiegel (2002) found that growth rate of total 

factor productivity largely depended on human capital development in most of the 

countries and indicated a positive relationship between human capital development and 

total factor productivity. Pashe et al., (2002) stated that improvement in human capital 

accounted for 1.6 to 1.8 percent increases annually in TFP of agriculture. Sabir and 

Ahmad (2003) indicated that the most important factor in the growth of TFP was human 

capital. Akinlo (2005) found that human capital has a significant positive effect on total 

factor productivity in SSA countries with an estimated coefficient of 0.094. Ahmad and 

Bukhari (2007) also explained that human capital was the most important factor in the 

growth of Total Factor Productivity (TFP) of agriculture in Pakistan. Sudha (2007) found 

that development in education played pivotal role in contributing TFP growth by 0.5 

percentage point. Kumar et al., (2008) estimated positive effect of literacy rate, showing 

the impact of human capital development on productivity growth. These findings 

provided enough rational for investment in improving primary education level in the 
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country. The result showed that primary enrolment rate could be improved in Pakistan. 

By investing more in education, Pakistan can achieve a sustainable agricultural 

productivity growth. In the short-run, primary school enrolment did not significantly 

contributed towards TFP of agriculture but long-run positive and significant impact with 

a magnitude of coefficient of 0.64 was reasonable in developing countries like Pakistan. 

 

The long-run elasticity of road length used as proxy variable for infrastructural 

development was 0.07 with a positive sign and was significant. It implied that one 

percent increase in the road length increased productivity of agriculture by 0.07 percent 

in the long-run. Short-run coefficient of the variable was 0.01, showing a positive sign 

but was non-significant. This showed that one percent increase in the roads length 

increased TFP of agriculture by 0.01 percent in the short-run.  

 

The results showed a positive relationship between infrastructural development and total 

factor productivity of agriculture. With better and improved infrastructure specifically 

roads, post harvest losses might be reduced during marketing process. On the other hand, 

farmers can approach to factor market in time. That increases the probability of resources 

availability and technical efficiency of the farmers which ultimately lead to increase in 

total factor productivity. As such, infrastructural development helped to reduce the direct 

and indirect cost of production thus raising productivity growth of agriculture. 

Investments in infrastructural development are long-term which shows its affect after 

certain time period and it’s difficult to realize the returns in the short run.  Jin et al., 

(2001) illustrated that infrastructure also affected the adoption process and with improved 

infrastructure, farmers were more willing to adopt new varieties, thus contributed in the 

increase of total factor productivity. It has been shown in many studies that the public 

investment in infrastructural developments particularly in rural areas played an important 

role in improving agricultural productivity. Fan et al., (2002) explained that rural roads 

appeared as an important determinant of productivity growth of agriculture in India. Fan 

and Zhang (2004) also discovered the high importance of rural roads in productivity of 

rural areas in China. Kumar et al., (2008) explained a sound positive impact of 
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infrastructure development on productivity growth of agriculture in the developing 

countries.  

 

The findings of some other studies are also in accordance with the results of the present 

study. Evenson and Bloom (1991) observed a positive and significant impact of road 

length on productivity of Pakistan’s agriculture in the long-run. Zhang and Fan (2001) 

found that infrastructural development affected the agricultural productivity in India in 

the long-run but not in the short-run. In their study, the estimated coefficient for 

infrastructural development was significant in the long-run and non-significant in the 

short-run. Fan et al., (2002) declared rural roads as the important determinant for 

agricultural productivity growth in China. Kiani et al., (2008) explained that the variable 

of infrastructural development (roads in kilometers) was an important factor, affected 

TFP in crop sub-sector of the Pakistan’s Punjab. They found that variable of 

infrastructural development (roads in kilometers) was significant with a coefficient of 

0.02. The finding of the present study regarding the variable of infrastructural 

development is in line with the results of the previous studies.   

 

The results also showed that one percent increase in agricultural credit disbursement as 

percent of agricultural GDP used as proxy variable for credit resources increased total 

factor productivity of agriculture by 0.03 percent in the long-run and 0.05 percent in the 

short-run. The sign of the coefficients explained the positive association between credit 

disbursement and TFP growth of agriculture. However, the variable of credit was non- 

significant in the long-run as well as in the short-run. The positive impact of credit on 

total factor productivity was due to the fact that credit, found new areas of investment 

under efficient allocation of resources and this enhanced the productive capacity of 

agriculture. Provision of credit facilitates the quality and timely availability of inputs that 

has got an important role in enhancing efficiency and productivity.  The insignificance of 

credit variable in the present study reflected the inefficient and highly inequitable 

distribution of agricultural credit in Pakistan. Most of the credit disbursed was directed 

towards the large farmers due to political influences. Again loans targeted towards small 

farmers failed to reach target groups. According to Swiss Development Corporation 
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Mission, only 5 to 15 percent of the target groups of the small farmers were benefited 

directly from development loans. So failure of the government in identifying legitimate 

stakeholders and in proper utilization of credit may be declared as some of the reasons for 

insignificant impact of this variable on TFP of agriculture.  

 

The results of the present study are consistent with the results of Hussain and Ashfaq 

(1997). They estimated 0.01 elasticity coefficient for credit which was non-significant in 

affecting the agricultural productivity in Pakistan. Ahmad (2000) also investigated the 

impact of short-term loan on productivity of agriculture in Pakistan and found a positive 

relationship. The results of this variable were in line with the estimated non-significant 

coefficient of the magnitude of 0.008 of his study. The results of the present study were 

also in accordance with the study of Akinlo (2005) and of Khan (2006). Dhehibi and 

Lachaan (2006) found that limited access to agricultural credit was the major source of 

low productivity. Ahmad and Bukhari (2007) also showed a positive impact of 

agricultural credit on total factor productivity of agriculture.  

 

The sum of agricultural exports and imports as percent of agricultural GDP used as proxy 

variable for openness of agricultural economy was positively associated with the 

productivity change of agriculture. The coefficient of this variable was significant. The 

magnitude of this variable was 0.19 in the short-run which implied that one percent 

increase in the sum of agricultural exports and imports as percent of agricultural GDP 

increased total factor productivity of agriculture by 0.19 percent. As this variable was 

stationary at level form i.e. I(0), so it was included only in ECM to estimate its effect in 

the short-run. Openness of an economy also accelerates productivity growth through its 

effects of increased competition, access to trade opportunities on efficiency of resource 

allocation, positive externalities stemming from access to improved technology, 

accompanying knowledge spillovers, and access to essential production inputs from 

abroad. In addition, through openness, countries can manage to overcome the small size 

of their domestic markets, relax foreign exchange constraints, and obtain positive 

externalities. Miller and Upadhyay (2000) highlighted that openness increased efficiency 
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in the use of resources and encouraged production specialization in certain crops, in 

accordance with the principle of comparative advantage. That increased efficiency 

ultimately lead to enhance productivity growth.  

 

Edwards (1998) used data of 93 countries to analyze relationship between openness and 

total factor productivity growth and found that more open countries experienced faster 

productivity growth. The results of this variable were also in line with the study of Lou 

and Koo (1999) in which they explained that trade variable had positive and significant 

effect on agricultural growth and productivity in China. Akinlo (2005) explained that 

export to GDP ratio had significant positive impact on total factor productivity in sub-

Saharan African countries. Chaudhry (2009) found that openness (especially in terms of 

openness to imports) had a significant positive impact on TFP growth of agriculture. The 

result seemed reasonable as it was consistent with the findings of the previous studies.  

 

The results of inflation rate used as a proxy variable for macroeconomic stability 

indicated a significant negative effect on total factor productivity of agriculture. The 

elasticity coefficient of inflation rate was 0.03. The results implied that one percent 

increase in the inflation decreased total factor productivity of agriculture by 0.03 percent. 

Though the magnitude of the coefficient was small yet, it gave the direction between 

inflation and the TFP of agriculture, necessary for policy implications. The inverse 

relationship between inflation and total factor productivity might be due to high and 

unstable prices creating economic uncertainties. This negative association might also be 

due to the fact that inflation encouraged capital flight which adversely affected the 

investment and hence total factor productivity growth. Johnson (1980) showed the 

significant adverse effect of inflation on agricultural output and productivity. He stated 

that most of the economists accepted the view that inflation is injurious to the health of 

economy and should be avoided. Mundlak et al., (1989) explored that high inflation rates 

had negative impact on the rate of adoption of new techniques in the agriculture sector 

and hence adversely affecting the total factor productivity growth. Similarly Miller and 

Upadhay (2000) indicated that inflation rate negatively affected total factor productivity 

at 1 percent significance level. Thus higher inflation lowers economic growth through its 
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adverse effect on total factor productivity. Gylfason and Herbertsson (2001) explored that 

inflation in excess of 10–20 percent per year was generally detrimental to growth through 

reducing productivity. The result of the present study is also consistent with the existing 

empirical findings of (Ficher, 1993; Bregman and Maron, 1993; Akinlo, 2005).  

 

The variable of real per capita income showed positive but insignificant sign with total 

factor productivity of agriculture. The results showed that one percent increase in real per 

capita income increased total factor productivity of agriculture by 0.06 percent. Though 

the magnitude of the coefficient was small, yet it gave the direction of relationship 

between income level and total factor productivity.  

 

The insignificance of the coefficient for this variable was due to the fact that increases in 

national income may not be equally distributed among the individuals in the country. 

This particularly becomes more important in agriculture where majority of the farmers 

belongs to the category of small and marginal farmers. More than 75 percent of the 

farmers in Pakistan practice subsistence farming and are characterized by the limited 

resources and small land holdings (Ishaq, 2009). Thus this portion of population could 

not save much from their agricultural income to reinvest in the agriculture sector. It is 

also mentioned in Pakistan Human Condition Report (2003) that the portion of the 

population living below the poverty line has increased overtime despite the increase in 

per capita income (Hussain, 2003). Keeping in view the consistently increasing inflation 

rate in the past few decades in Pakistan, it may also be good to have a look on real per 

capita income. Real per capita income in Pakistan showed very small increase with 

fluctuating trend. Thus due to high unequal distribution of income and declining 

purchasing power, real per capita income could not significantly influence the total factor 

productivity growth of agriculture sector.  

 

The positive association between per capita income and total factor productivity of 

agriculture might be due to the rationale that with the increase in income level of the 

masses, demand for food and other agricultural commodities including livestock products 

increases (Law of demand operates). Rahmatullah (2006) explained that decrease in total 
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factor productivity of agriculture was due to technological failure and decrease in demand 

for cereals. Income elasticity of demand for food is high in developing countries like 

Pakistan. Any increase in demand for food products is transformed to farming 

community through high and better prices which increase their capital and ability to use 

resources in more efficient way. Further, increase in per capita income increases the 

nutrient intake which directly contributes in improving the productivity. This may not be 

true for the developed countries but right for the under developed and developing 

countries where calorie intake is below the standards. Thus it can be safely said that 

higher the level of nutrient intake, higher will be the productivity level.  Similarly, high 

income level of the masses can improves their education level that in turn improves their 

capabilities; assume to have positive impact on productivity. It also assures awareness in 

the use of modern technologies in crop production and livestock rearing, thus helps to 

improve productivity levels of the farming community. 

 

The coefficient of the error correction term as shown in the Table 6.6 has a negative sign 

which is according to the theory and it tells about adjustment measures towards long-run 

equilibrium. The error correction term has the coefficient of -0.23 which was significant 

and showed that the deviation of productivity growth from the long-run equilibrium level 

was corrected by about 23 percent in a year.  

 

All the diagnostic tests provided satisfactory results. The LM-test indicated that there was 

no problem of serial correlation among the residuals. As the computed value was greater 

than 0.05, the null hypothesis of serial correlation among the residuals was rejected. The 

RESET-test also verified the correct functional form of the model. The Jarque-Bera test 

gave conclusion about the normal distribution of the residuals. The R2 value of 0.52 

indicated that about 52 percent variation in the total factor productivity in agriculture was 

explained by the factors included in the model. Similarly Durbon-Watson statistics also 

verified the fact of no serial correlation among the residuals.    
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6.2.5 Granger Causality Analysis 

 

Granger causality analysis showed the direction of causation between the time series. 

This relationship may take three forms viz. uni-directional (from one variable to other), 

bi-directional (from one variable to other and in response from other to first variable) and 

no causal relationships between the variables of interest. Joint significance of coefficients 

was tested for causal relationship employing classical F-test within the framework of an 

Error Correction Model (ECM). The results of causality analysis between total factor 

productivity and selected macro variables which were I(1) are presented in the Table 6.7. 

These equations have also been described in Chapter 4 and are reproduced here for 

convenience. 
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The null hypothesis was constructed as Ho: itX  would not granger-cause tY , if t = 0, 

against the alternative hypothesis H1: itX  would granger-cause tY , if t ≠ 0. Similarly, tY  

would not granger-cause itX , if t = 0 and alternative hypothesis was that tY would 

granger-cause itX , if t  ≠ 0.  F-statistics were calculated under the null hypothesis that 

coefficients of t and t  were equal to zero in the above equations. When the computed 

F-value was greater than the F-tabulated value, null hypothesis as rejected, explaining the 

granger cause of one variable on the other.  
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Table 6.7: Granger-Causality Results 

Causality F-statistics P-value Direction 

 

LPSE    LTFP 

LTFP     LPSE 

 

2.29 

3.14 

 

0.10 

0.04 

 

Bi-Directional 

 

LCRD1             LTFP 

LTFP                 LCRD1 

 

1.94 

1.33 

 

0.14 

0.28 

 

No-Direction 

 

LRL                  LTFP 

LTFP                LRL 

 

2.86 

3.47 

 

0.05 

0.02 

 

Bi-Directional 

Source: (Author’s own calculations) 

 

The first row of the Table 6.7 shows the F-statistics value of 2.29 which was significant 

at 10 percent level.  The second part of the first row showed the F-statistics value of 3.14 

which was also significant at 4 percent level. As computed values of F-statistics were 

greater than the tabulated value, thus null hypothesis of no granger causality was rejected 

and alternative hypothesis was accepted. Thus, bi-directional causality was found 

between productivity growth and primary school enrolment (proxy variable for human 

capital development). Human capital development had a strong long-run impact on 

agricultural productivity and it emerged as a major determinant of total factor 

productivity growth of agriculture. The results also indicated that increase in agricultural 

productivity promoted primary education as well. Improvement in productivity increased 

farmer’s resources and enabled them to educate their families and improved their 

decision making, resources utilization and entrepreneurial skills. This justified bi-

directional causality between human capital development and agricultural productivity. 

 

The F-statistics for causality from credit disbursement to agriculture as percent of 

agricultural GDP (proxy variable for credit resources) to total factor productivity was 

1.94 which was non-significant. Similarly the computed value of F-statistics for causality 
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of agricultural productivity to agricultural credit was non-significant. Thus the results 

explained no causality between credit disbursement to agriculture and productivity 

growth and similarly between agricultural productivity growth and credit disbursement. 

The results of Granger-Causality analysis favored the results of credit disbursement to 

agriculture as percent of agricultural GDP, obtained in the previous section. The 

coefficient was non-significant which explained that credit disbursement did not granger-

cause productivity change. It has been mentioned earlier that agricultural credit in 

Pakistan was mis-utilized and mis-directed. Majority of the farmers who are small and 

marginal have limited access to credit resources. At the same time, credit disbursed to 

large farmers was not properly used for enhancing agricultural productivity activities. As 

such, no causality relationship between these variables was justified.  

 

Results of analysis also showed bi-directional causality between infrastructural 

development and total factor productivity. The computed values were greater than the 

critical values and were significant. This showed the importance of improving 

infrastructural facilities to enhance productivity. Strong infrastructure also attracts new 

foreign and local investments which help to increase productivity. The causality from 

total factor productivity towards infrastructure was also highly significant which showed 

that a change in agricultural productivity caused a change in infrastructural development. 

Thus, the direction of the relationship in this case was of two ways. Mendes et al., (2009) 

confirmed that in several Brazilian states, there was existence of bi-directional causality 

between infrastructure and total factor productivity of agriculture. More agricultural 

production increases GDP of the country and it enhances the resources at national level. 

Thus the governments invest more in the infrastructural development from the increased 

capital accumulation caused by the productivity of agriculture. 

 

6.3 Summary 

 
The variables were checked for unit root by the ADF-test and then the order of 

integration was determined. Johansen Full Information Maximum Likelihood (FIML) 

approach was used for cointegration analysis. The order of VAR (1) was selected on the 
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basis of AIC, SBC and adjusted likelihood ratio criterions and identified one 

cointegrating vector among the series on the basis of the results of maximal eigen value 

and trace test values. The long-run elasticities were estimated for the variables which 

were integrated of order one i.e. I(1). The results indicated that the improvements in 

human capital and infrastructural development have significant positive impact on 

productivity of agriculture in the long-run. The sign of the estimated coefficient of credit 

was also positive but non significant both in the long and short-run. After establishing 

cointegration among the data series, an error correction model was developed. The 

coefficients of differences terms in the ECM were the estimates of the short-run 

elasticities. The variables which were integrated of order zero i.e. I(0) were included in 

the error correction model. Estimated coefficients of the variables of openness and real 

per capita income were positive. Openness of the agricultural economy significantly 

affected the productivity while the estimated coefficient for real per capita income was 

non-significant. The results showed that inflation was significantly and negatively 

affecting productivity of agriculture. Error correction term was also negative and 

significant which was also according to a priori expectation. 

 

The estimated R2 value was 0.52 which explained that 52 percent variation in the total 

factor productivity of agriculture was explained by the factors included in the model. 

Other test statistics also confirmed the validity of the results and correct specification of 

the model. Causality analysis showed a two ways causality between TFP and 

improvement in human capital and TFP and infrastructural development. No direction 

has been found between credit disbursement and productivity growth of agriculture. 
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      Chapter 7 

Summary, Conclusions and Policy Recommendations 
 

 
 
The present research first estimated TFP index of Pakistan’s agriculture and then 

investigated the relationship between total factor productivity of agriculture and macro 

variables for the period 1971-2006. This chapter is organized into four sections. Section 

7.1 presents the summary of the study. The conclusions of the first and second stage 

analysis are presented in section 7.2. Section 7.3 gives some research implications and 

recommendations on the basis of the results of the study. Further research avenues for 

improving the study in future are described in the last section of this chapter. 

 

7.1 Summary 

 

The empirical findings showed that trends in TFP growth among developed and 

developing countries are diverse. Some studies that have been reviewed from Pakistan 

were [(Wizarat, 1981; Rosegrant and Evenson, 1993; Khan, 1994, 1997; Ali and 

Byerelle, 2000; Pashe et al., 2002; Sabir and Ahmad, 2003; Ali, 2004, 2005; Khan, 2006; 

Ahmad and Bukhari, 2007; Kiani et al., 2008)]. Few studies also identified macro 

economic factors that played a role in determining the level of TFP by influencing the 

quality of inputs and efficient resources allocation. However, theoretical and empirical 

work on this subject has not specifically focused on TFP of agriculture sector in 

developing countries. This is still an open question that how these macroeconomic 

variables affect TFP growth of agriculture in Pakistan. The present study took up this 

challenge for the first time to investigate the relationship between these macro variables 

and TFP growth of agriculture.  
 

The study used time series data on 33 output categories (29 crops and 4 livestock) and 12 

input categories relating to crop and livestock sub-sectors along with their prices in the 
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estimation of TFP of agriculture. During 2010-11, livestock sub-sector registered growth 

of 3.7 percent and its contribution to national GDP was almost 11.5 percent, which was 

higher than the contribution made by the entire crop sub-sector. The share of livestock in 

the agriculture has increased from 30 percent in 1990-91 to 55.1 percent in 2010-11. 

Thus, the role of livestock in the rural economy of Pakistan is very decisive. At the same 

time, the productivity of livestock in Pakistan is very low as compared to developed 

countries. Thus keeping in view importance of livestock in agriculture sector, it was 

included in the estimation of TFP of agriculture. The data regarding all output (crop and 

livestock categories) and input categories were collected from different official 

documents and field information. Number of tractors, tube wells and draught animals 

were included in capital stock formation and perpetual inventory method was used to 

calculate the stock of these items. The output, input and TFP indices have been estimated 

jointly for crop and livestock sub-sectors in the analysis.  

 

Concentrates and wheat straw were used for the first time in the present study in 

constructing the input index and the data on these variables were estimated from wheat 

and cotton production. The data on these variables have been used due to the importance 

of these two inputs in animal feed. Imbalance and less feeding were the major reasons for 

low productivity of livestock in Pakistan. The present research also included most of the 

minor crops, condiments, fruits and vegetables among crop sub-sector in the construction 

of output index. Poultry meat has also been used in the construction of output index due 

to its emerging position in the meat industry. The utmost effort has been made in 

collecting and manipulating the output and input data from reliable sources. Thus 

accuracy and the use of additional data gave reliable estimates of total factor productivity 

of agriculture in Pakistan.  

 

The time series data on macro variables (primary school enrolment, credit disbursed to 

agriculture as percent of agricultural GDP, sum of agriculture exports and imports as 

percent of agricultural GDP, inflation rate and real per capita income) were used to 

investigate their impact on TFP of agriculture. The data on these variables were used in 

this form for the first time and results have been derived by employing cointegration 
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regression technique. The technique has not used previously such kind of estimations 

before in Pakistan. The data on macro economic variables were collected from different 

official documents which were assumed to have direct or indirect effect on TFP growth 

of agriculture sector. The data on certain variables were transformed to make them 

suitable for the analysis.  

 

The objectives of the study were to estimate TFP of agriculture in Pakistan and to asses 

the relationship between agricultural productivity growth and selected macro variable. 

Thus the analysis was conducted in two stages. The first stage analysis estimated TFP 

index, output index and input index of Pakistan’s agriculture for the period 1971 to 2006, 

using T-T index number approach. Second stage analysis investigated the empirical 

relationship between macro variables and TFP of agriculture sector. The second stage 

analysis also provided an empirical methodology for testing the time series for 

stationarity and cointegration. ADF- test was used to check the null of the unit root in the 

time series data of different variables. The study also performed cointegration analysis 

and specified the number of cointegrating vectors among the series. When the variables 

were cointegrated, an error correction model was employed, used as a means of 

integrating short-run and long-run behavior of variables. The procedure of Granger 

causality analysis was also employed to indicate the direction of causality between TFP 

index and the variables which were I(1).  

 

7.2 Conclusions 

 

The results of the first stage analysis showed average annual total factor productivity 

growth rate of 2.14 percent for the period 1971-2006. The rate of TFP growth was 

highest (2.86 percent) during the last six years of the study period while it was lowest 

(0.96 percent) during the decade of the 70s. The decade of the 80s and the 90s 

experienced total factor productivity growth rate of 2.24 percent and 2.46 percent, 

respectively. The analysis also concluded that total factor productivity growth contributed 

about 56 percent to total agricultural output growth during the study period. 
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The estimated TFP index of agriculture was used as a dependent variable in the second 

stage analysis. The variables of primary schools enrolment, road length and credit 

disbursement to agriculture sector as percent of agricultural GDP were used as 

explanatory variables to investigate their long-run impact on TFP growth of agriculture. 

The variables of inflation rate, sum of agricultural exports and imports as percent of 

agricultural GDP and real per capita income were also included in the analysis as 

independent variables to capture their short-run effect on productivity growth of 

agriculture sector.  

 

The data series of selected macro variables and the estimated series of TFP index were 

tested for unit root, using ADF- test. The analysis concluded that estimated series of TFP 

index, Primary Schools Enrolment (LPSE), Credit Disbursed to Agriculture sector as 

percent of Agricultural GDP (LCRD1) and Road Length (LRL) were non stationary in 

the level form. These series became stationary after differencing once i.e. I(1). The time 

series of Inflation Rate (LINF), Sum of Agricultural Exports and Imports as percent of 

Agricultural GDP (LSXM1) and real Per Capita Income (LPCI) were integrated of order 

zero i.e. I(0),  stationary at the level form. Graphical demonstration for the variable of 

real per capita income showed no clear trend regarding stationarity or non-stationarity of 

the time series. But the results of the statistical analysis showed that out of three models, 

two suggested stationarity at the level form for this variable. As the test statistics are the 

more powerful tools than the graphical demonstration, so the final decision was made on 

the basis of these tests which declared real per capita income as stationary at its level 

form. It has been found that increase in real per capita income was nominal due to high 

inflation and thus it showed stationarity at the level form. As the series of total factor 

productivity index, primary schools enrolment, road length and credit disbursement were 

integrated of order one i.e. I(1), so long-run  relationship was estimated between these 

variables and tested the cointegration among them. 

 

 Johansen procedure was applied to test for the presence and number of cointegrating 

vectors among the data series in the model. The results implied one cointegrating vector 

for TFP growth model. The long-run elasticities have been calculated by employing 



 142

Johansen procedure. The long-run elasticities of human capital development, 

infrastructural development and credit resources explained the long-run relationship with 

total factor productivity index. Only the non-stationary variables i.e. I(1) were selected to 

examine the long-run relationship with TFP index of agriculture.  The coefficients of the 

difference terms in the error correction model were the estimates of the short-run 

elasticities. The variables, stationary at the level form showed short-run impact on 

productivity growth while non-stationary variables showed both the long-run and short-

run effect.  

 

The results also concluded that TFP adjustment coefficient of -0.23 was significant. The 

estimate of long-run elasticity of primary school enrolment (human capital development) 

was positive and larger as compared to short-run coefficient, suggested a strong effect of 

education on productivity growth in the long-run. The coefficient was significant in the 

long-run and non-significant in the short-run. The long-run elasticity of primary school 

enrolment was highest (0.64) amongst all the variables included in the model.  The 

impact of credit disbursement to agriculture as percent of agricultural GDP (credit 

resources) on TFP was positive, but non-significant in the long-run as well as in the 

short-run. Roads length (Infrastructural development) had a positive and significant 

impact in the long-run while insignificant in the short-run. The sum of agricultural 

exports and imports as percent of agricultural GDP (openness of agricultural economy) 

had a significant positive affect on TFP of agriculture. Total factor productivity 

responded negatively and significantly to the inflation rate. The coefficient of real per 

capita income indicated a positive and non-significant relationship with productivity of 

agriculture. The results of Granger-Causality analysis indicated that there were two way 

causal relationships in case of total factor productivity and human capital development 

and total factor productivity and infrastructural development. However, no causality was 

found between total factor productivity and the credit resources.  

 

The results also indicated that the magnitudes of the elasticity estimates are smaller in the 

short-run as compared to long-run for all the variables I(1), except the variable of credit 

disbursement to agriculture sector as percent of agriculture GDP. This is because of the 
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fact that investments in education and infrastructure can not influence the productivity 

growth in the short-run because these variables require some time to influence the 

productivity. In Pakistan most of the credit has been crop specific (for duration of one 

season i.e. rabi and kharif), thus showed larger impact in the short-run.  The elasticities of 

productivity response to macro variables (human capital development and infrastructural 

development) increased with time. 

 

7.3 Implications for Pakistan 

 

The results of the present study highlight some policy implications for Pakistan. The 

findings of the first stage analysis showed that the contribution of total factor productivity 

growth in the total agricultural output growth was greater than the contribution of 

physical inputs. Resources, particularly land and water are scarce in Pakistan. Thus in 

order to alleviate poverty and ensure food security, Pakistan needs to improve 

agricultural productivity. The results further showed positive and significant impact of 

primary school enrolment on total factor productivity growth of agriculture in Pakistan. 

This finding highlights the absolute importance of primary school enrolment (human 

capital development) in promoting agricultural productivity in Pakistan. 

  

Infrastructural development and openness of agricultural economy were found to be the 

important determinants of TFP growth of agriculture. This is important for developing 

countries like Pakistan where post harvest losses are enormous.  Based on the results, the 

study found improved infrastructure and openness in agricultural economy, the main 

contributors in enhancing productivity growth of agriculture. Ever rising prices of inputs 

have put pressure on purchasing power of the farmers. As such they are not in position to 

apply requisite amount of inputs in desired combination. This situation was not different 

from overall inflationary pressure in the country for the said time period. At the same 

time, per capita income increased at a very modest rate particularly when considered in 

real terms. The variable of real per capita income was non-significant might be due to the 

reason that distribution of income in Pakistan is not uniform. This situation put pressure 

on the farming community as they have not been able to utilize their resources in desired 
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form and combinations. As such, diminishing purchasing power of farmers (particularly 

small and marginal farmers) is a crucial factor which needs immediate attention for the 

policy makers. 

  

The role and importance of credit for sustaining agricultural activities cannot be over 

looked. The data for the given time period showed an increasing trend in the amount of 

agricultural credit disbursed for various activities. At the same time, contributions of 

credit in promoting agricultural productivity seem nominal. This necessitates exploring 

the efficiency of credit utilization and identification of factors which affect its efficacy.  

 

Based on the findings and research implications, following policy 

measures/recommendations are suggested to improve total factor productivity of 

agriculture in Pakistan.   

 

1) Total Factor Productivity (TFP) of agriculture showed fluctuating trend during the 

given period. The study showed the input intensification and limits to further 

expansion in cultivated land. On the other hand, demand for food (cereals and 

livestock products) is increasing day by day. Thus the need of the time is that 

input use should be optimized and emphasis should be given to improve the total 

factor productivity of agriculture by increasing the efficiency of resource use and 

breakthrough in technology. As agriculture sector has the capacity to respond to 

the injections positively, the government should deliver continuous support to 

agriculture sector on regular basis for sustainable TFP growth, in term of new 

technologies and favorable macro economic policies. This is particularly 

important for a country like Pakistan which is facing input scarcity, so optimum 

use of resources should be ensured through capacity building of the farming 

community. This will help Pakistan to save its precious resources keeping their 

availability intact.   

 

2) The importance of education is beyond any doubt in uplifting the productive 

capacity of the farming community. Education of the labor force is important in 
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increasing the efficiency of resource use and strengthening research for 

technological progress. The coefficient of primary schools enrolment (proxy for 

human capital development) was positive and highly significant in the long-run 

which showed that education improves the human capital of the country and leads 

to enhance the productivity of the labor force. The magnitude of the coefficient in 

the long-run was largest (0.64) amongst all the variables. Thus the results strongly 

suggest that the primary education should remain a priority agenda for the 

government and in this regard, specific steps should be taken to promote the basic 

education. Investment in this sector is expected to enhance productivity of 

agriculture significantly in the long-run. Budget allocation should be increased to 

enhance primary schools enrolment.    

 

3) Infrastructure is an important determinant in promoting the traditional agricultural 

economies to transitional agricultural economies by increasing marketable surplus 

and reducing post harvest losses of agricultural commodities. The results of the 

study showed a positive and significant relationship between infrastructure and 

total factor productivity growth of agriculture in the long-run, advocating and 

justifying further investments in this sector on sustainable basis. Road network 

should be expanded to ensure the timely availability of inputs and easy access to 

the markets for agricultural products which will help in increasing the resource 

use efficiency and thus productivity. This will in turn ensure better returns to the 

farming community making them more productive. Better infrastructure attracts 

more domestic and foreign investments that will further increase productivity of 

agriculture. In this perspective government should focus on improving the access 

through roads particularly in remote and rural areas. Public private joint ventures 

may be a fruitful option in this regard. This will ensure sustainability of 

infrastructural developments in Pakistan.  

 

4) Credit resources in agricultural economy, measured by the credit disbursement to 

agriculture sector as percent of agricultural GDP showed positive association with 

small magnitude of coefficients which were non-significant both in the long-run 
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and in the short-run. Though the sign of the coefficient was according to a priori 

expectation, but its non-significance may be due to the discrimination in its 

distribution and improper utilization. Thus in order to have a significant effect of 

credit on productivity, it is suggested that the small farmers should be provided an 

easy access to credit. Administrative hurdles should be eliminated and strict 

vigilance in the use of the credit be ensured. It is also recommended that credit 

should be given to farmers in the shape of kind rather than cash to reduce the 

chances of its misutilization. Credit for mechanization in agriculture should be 

increased in order to capture its long-run impact on productivity. The field 

officers responsible for monitoring the activities of farmers should also be trained 

and motivated to ensure proper utilization of resources. This will help in fetching 

fair returns from the utilization of credit thus leading to improvement in total 

factor productivity.    

 

5) It is an established fact that openness stimulates growth of the economy including 

agriculture sector. This factor becomes more important in the present scenario of 

trade liberalization. The coefficient of sum of agricultural exports and imports as 

percent of agricultural GDP (proxy for openness of agricultural economy) was 

0.19 which was significant and largest next to primary schools enrolment (human 

capital development). Thus, the expansion in the volume of agricultural trade 

should be the priority agenda of trade policy in Pakistan. It is recommended that 

agricultural trade volume should be expanded through increasing the exports. This 

needs heavy investments in agriculture sector to increase marketable surplus. 

Government should also adhere to the notion of trade liberalization by promoting 

further trade of agricultural commodities. In this regard, to comply with above 

mentioned objectives, a more open and liberal trade policy should be the focus of 

the government. Awareness should be created among the farming community in 

adopting and imitating technology that trickles through trade. It is also strongly 

recommended that the optimal share from agricultural exports should be 

transferred to farmers in order to create incentive to enhance productivity. Trade 

barriers should be removed and new markets for the exports of agricultural 
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commodities should be searched out. At the same time private sector should be 

motivated to comply with emerging requirements of trade liberalization. In 

addition more diplomatic efforts are also needed to develop a good image for 

Pakistani products in the international market.  

 

6) High rate of inflation is an important factor which adversely affects the 

purchasing power of the farming community and leads to misallocation and 

underutilization of the resources. This is also evident from the results through 

negative and significant impact of inflation rate on total factor productivity 

growth of agriculture. On the basis of the results, it is recommended that 

government should adopt contractionary monetary policy on the one side and 

productive utilization of resources on the other side to control inflation. This 

policy option will stabilize agricultural prices of inputs and technological 

intervention through continuous monetary and regulatory measures. This policy 

initiative will strengthen the economy and confidence of stakeholders in 

government policies and through multiplier effect, Pakistan may get numerous 

benefits through increasing productivity of agriculture.  

 

7.4 Future Research Avenues 

 

The present study is an initiative in the research area of productivity analysis in which 

impact of macroeconomic variables on total factor productivity growth of agriculture 

sector in Pakistan has been investigated. The study contributed by including fruits, 

vegetables, condiments and poultry meat in constructing output index. While constructing 

input index, the study used concentrates and wheat straw for the first time in estimating 

the TFP of agriculture sector. The research in future can include fisheries and forestry 

sub-sectors to get even more reliable estimates of total factor productivity of agriculture. 

In future, studies on productivity growth should also take into consideration the 

environmental issues and also increase/sustainability in quality of inputs. The study 

showed that there was slow return to input intensification and further limits in the 
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expansion of cultivated land. The future research should redirect from input based to 

efficiency and technology based increase in the productivity of agriculture. 

 

The future research can also explore the effect of other macro variables which are 

missing in the present study like exchange rate policies, value addition in agriculture, 

value addition in manufacturing sector and agricultural taxes, subsidies etc on the TFP 

growth of agriculture. The present research has taken road length as proxy for 

infrastructure development. The future research can include investments in irrigation and 

marketing infrastructure. The impact of communication sector can also be examined on 

TFP growth of agriculture. The scope is still there to examine the effect of structural 

adjustment programme and WTO phenomenon on total factor productivity growth.  
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Appendix 1: Agricultural and Enonomy’s GDP Growth Rates and Sectoral Share of      

                      Agriculture in GDP (%): 1950-2010 

Year 
Agricultural 

GDP. Growth Rate (%)
Economy’s 

GDP. Growth Rate (%)

Sectoral 
Share of Agriculture 

in GDP (%) 
1950 2.9 2.4 53.2 
1951 2.6 3.9 52.5 
1952 -9.1 -1.8 48.7 
1953 0.2 1.7 47.9 
1954 15.2 10.2 50.1 
1955 -2.2 2 48 
1956 2.1 3.5 47.4 
1957 2.3 3 47 
1958 1.9 2.5 46.7 
1959 4 5.5 46.1 
1960 0.3 0.9 45.8 
1961 -0.2 4.9 44.6 
1962 6.2 6 42.9 
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1963 5.2 7.2 41.8 
1964 2.5 6.5 41.4 
1965 5.3 9.4 39.8 
1966 0.5 7.6 36.5 
1967 5.5 3.1 38.2 
1968 11.7 6.8 39.4 
1969 4.5 6.5 37 
1970 9.5 9.8 36.8 
1971 -3.1 1.2 35.3 
1972 3.5 2.3 36 
1973 1.7 6.8 35.7 
1974 4.2 7.5 34.4 
1975 -2.1 3.9 32.4 
1976 4.5 3.3 32 
1977 2.5 2.8 32.3 
1978 2.8 7.7 31.6 
1979 3.1 5.5 30.4 
1980 6.6 7.3 29.6 
1981 3.7 6.4 30.8 
1982 4.7 7.6 31.6 
1983 4.4 6.8 30.3 
1984 -4.8 4 27.9 
1985 10.9 8.7 28.5 
1986 5.9 6.4 27.6 
1987 3.3 5.8 26.3 
1988 2.7 6.4 26 

1989 6.9 4.8 
26.9 

 

1990 3 4.6 
26 
 

Year 

 
 

Agricultural 
GDP. Growth Rate (%) 

 
 

Economy’s 
GDP. Growth Rate (%) 

Sectoral 
Share of Agriculture 

in GDP (%) 
1991 5 5.6 25.7 
1992 9.5 7.7 26.2 
1993 -5.3 2.3 24.8 
1994 5.2 4.5 25.3 
1995 6.6 4.1 25.9 
1996 11.7 6.6 25.5 
1997 0.1 1.7 26.7 
1998 4.5 3.5 27.3 
1999 1.9 4.2 27 
2000 6.1 3.9 26.2 
2001 -2.2 1.8 24.4 
2002 0.1 3.1 23.6 
2003 4.1 4.8 24.0 
2004 2.2 6.4 22.9 
2005 7 8.4 22.4 
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2006 5 7 22.5 
2007 4.1 6.8 21.9 
2008 1 3.7 21.3 
2009 4 1.7 21.8 
2010 0.6 3.8 21.2 

Source: htpp://www.sbp.org.pk 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix 2: Total Production of Major Crops in Pakistan  

Year Wheat  
(000 Tones) 

Rice 
(000 Tones) 

Sugarcane 
(000 Tones) 

Seed Cotton 
(000 Bales) 

Maize 
(000 Tones) 

2000-01 19024 4802 43606 10731 1643 
 

2001-02 18226 3882 48041 10612        1664 
 

2002-03 19183 4478 52055 10210 1737 
 

2003-04 19500 4847 53419 10047 1897 
 

2004-05 21612 5024 47244 14265 2797 
 

2005-06 21276 5547 44665 13018 3109 
 

2006-07 23295 
 

5438 54742 12856 3088 
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2007-08 20959 
 

5563 63920 11655 3605 

2008-09 24033 
 

6952 50045 11819 3593 

2009-10 23311 
 

6883 49373 12913 3262 

Source: (GOP, 2011) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix 3: Average Yield of Major Crops in Pakistan (Kg/Hectare) 
 

Year Wheat Rice Sugarcane Seed Cotton Maize 
2000-01 2325 2021 45376 624 1741 

 
2001-02 2262 1836 48042 579 1768 

 
2002-03 2388 2013 47324 622 1853 

 
2003-04 2373 1970 49738 572 2003 

 
2004-05 2919 1994 48906 760 2849 

 
2005-06 2586 2116 49246 714 2984 

 
2006-07 2716 2107 53199 711 3036 
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2007-08 2451 2212 51507 649 3427 
 

2008-09 2657 2346 48634 713 3415 
 

2009-10 2553 2387 52357 707 3489 
 

 Source: (GOP, 2011) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 4: Per Hectare Yield of Major Crops in Different Countries: for the 
Year: 2009-2010 (Kg/Hectare)      

Country Wheat Maize Rice (Paddy) Sugarcane Seed Cotton

Pakistan 2656 3487 3581 48905 2280 

China 4739 5259 6582 68079 3863 

U.S.A 2988 10339 7941 77634 2305 

Egypt 6448 7904 10000 121428 2603 

India 2907 2002 3195 64486 1184 
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Maxico 4968 3236 4850 70070 3866 

Australia 1603 5817 9000 85000 4404 

 Source: (GOP, 2011) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 5: Usages of Inputs in Pakistan’s Agriculture: 1971-1980 

Year CA  

(000 Hectare) 

LF  

(000) 

N 

(000N/T) 

PSC 

(000T) 

DTW 

(000 
Number) 

TR 

(000 
Number) 

1971 16600 10580 252 2248 61 22 

1972 16600 10630 341 2438 67 24 

1973 16900 10860 346 18484 74 26 

1974 18300 10990 342 6474 81 29 
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1975 17400 11120 363 6928 97 31 

1976 18000 11440 445 13758 101 34 

1977 18200 11760 511 16226 103 41 

1978 19300 12090 551 12754 105 48 

1979 19200 12430 684 7727 107 56 

1980 19300 12720 806 4419 112 66 

  Source: (GOP, 1982) 

Note: CA     =Cultivated Area in thousand hectares            

          LF      =labor Force employed in agriculture in million   

          N       =Consumption of Nitrogen in thousand nutrients per tone 

          PSC   =Pesticide Consumption in thousand tones 

          DTW =Diesel Operating Tube-wells in thousand numbers 

          TR     =Number of Tractors in thousands used in agriculture 

       
 

 

 

 

Appendix 6-A: Total Factor Productivity Index (LTFP) 
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 Appendix 6-B: Total Factor Productivity Index -First Difference (DLTFP) 
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Appendix 7-A:  Primary School Enrolment (LPSE) 
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Appendix 7-B: Primary School Enrolment-First Difference (DLPSE) 
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Appendix 8-A: Credit Disbursement to Agriculture as percent of agricultural 
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                          GDP (LCRD1)  
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Appendix 8-B: Credit Disbursement to Agriculture as percent of agricultural 

                         GDP-First Difference (DLCRD1)  
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Appendix 9-A: Road Length (LRL) 
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Appendix 9-B: Road Length-First Difference (DLRL) 
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Appendix 10: Sum of Agricultural Exports and Imports as % of Agricultural GDP 

                      (LSXM1)  
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Appendix 11: Inflation Rate (%) (LINF) 
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              Appendix 12: Real Per Capita Income (LPCI) 
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Source: All the graphs have been drawn from the time series data on the related variables 

Note: L denotes the log of the variable 

          D denotes the variable in First Difference form   
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Appendix 13: Output Data of Different Categories of Crops and Livestock from       

1971 to 2006 in (000Tones) 
Year Wheat Rice Sugarcane Cotton Bajra Jawar Maiz 
1971 6500 2200 23200 542 355 329 718
1972 6900 2300 20000 707 360 312 705
1973 7400 2300 19900 702 304 302 706
1974 7600 2500 23900 659 351 378 767
1975 7700 2300 21200 634 266 266 747
1976 8700 2600 25500 514 308 281 803
1977 9100 2700 29500 435 311 261 764
1978 8400 3000 30000 575 318 284 821
1979 10000 3300 27300 473 317 252 799
1980 10900 3200 27500 728 277 249 875
1981 11500 3100 32400 715 214 230 970
1982 11300 3400 36600 748 272 225 930
1983 12400 3500 32500 824 220 222 1005
1984 10900 3300 34300 495 256 222 1014
1985 11700 3300 32100 1008 284 230 1028
1986 14000 3000 27900 1208 258 219 1009
1987 12000 3500 30000 1309 233 236 1111
1988 12700 3200 33000 1468 135 181 1127
1989 14400 3200 37000 1426 201 248 1204
1990 14300 3200 35500 1456 204 262 1179
1991 14600 3300 36000 1636 196 239 1185
1992 15700 3200 38900 2181 139 225 1203
1993 16200 3100 38100 1541 203 238 1184
1994 15200 4000 44400 1371 138 212 1213
1995 17000 3400 47200 1479 228 263 1318
1996 16900 4000 45200 1802 162 255 1504
1997 16700 4300 42000 1594 146 219 1491
1998 18700 4300 53100 1562 211 231 1517
1999 17900 4700 55200 1495 213 228 1665
2000 21100 5200 46300 1911 156 220 1652
2001 19000 4800 43600 1825 199 219 1643
2002 18200 4900 48000 1805 216 222 1664
2003 19200 4500 52100 1737 189 202 1737
2004 19500 4800 53400 1709 274 238 1897
2005 21600 5000 47200 2426 193 186 2797
2006 21300 5500 44700 2214 221 153 3110
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Year Barley Gram Rapeseed Tobacco 
Soya 
bean Sunflower Safflower 

1971 91 494 269 113 0.927 0.482 0.066
1972 103 510 301 87 0.932 0.873 0.038
1973 109 553 287 63 1.159 0.486 0.04
1974 140 610 292 66 1.002 0.246 0.046
1975 137 550 248 77 0.443 0.259 0.037
1976 130 601 267 58 0.403 0.228 0.042
1977 124 649 296 73 0.615 0.188 0.051
1978 121 614 236 74 1.29 0.035 0.039
1979 129 538 248 68 1.755 0.311 0.215
1980 118 313 247 78 1.326 0.355 0.242
1981 176 337 253 67 1.342 3.492 2.162
1982 158 294 239 69 1.535 5.855 4.401
1983 185 491 246 65 2.086 18.811 4.479
1984 140 522 217 80 1.571 15.155 1.631
1985 132 524 235 87 1.602 18.063 1.178
1986 134 586 250 78 2.585 17.587 2.925
1987 134 583 213 69 3.775 36.256 0.89
1988 112 372 204 70 1.526 42.531 0.472
1989 123 456 249 74 1.169 34.415 0.102
1990 131 562 233 68 0.849 24.579 0.234
1991 142 531 228 75 0.93 34.649 0.198
1992 140 513 220 97 1.327 83.312 0.543
1993 158 347 207 102 2.373 61.804 0.635
1994 146 411 197 100 5.298 50.019 0.84
1995 164 559 229 81 7.228 85.699 0.932
1996 174 680 255 80 2.694 109.515 0.779
1997 150 594 286 92 7.311 128.568 1.079
1998 174 767 292 99 8.229 129.693 1.129
1999 137 698 279 109 1.244 194.544 0.075
2000 118 565 297 108 1.537 149.871 0.119
2001 99 397 230 85 1.404 68.646 0.044
2002 100 362 221 94 1.266 73.962 0.041
2003 100 675 215 88 0.351 128.531 0.047
2004 98 611 221 86 0.371 358.532 0.049
2005 92 868 203 101 0.264 327.65 0.035
2006 88 480 172 113 0.237 612 0.031
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Year Linseed Groundnut Masoor Mash Moong Onion Garlic 
1971 3.383 44.7 21.2 19.6 32.8 247 18
1972 4.129 57.2 22.8 20.7 35.5 253 26
1973 4.805 44.2 27.1 17.5 30 187 24
1974 4.796 54.1 33.6 22.3 32 240 24
1975 4.396 57.1 26.5 26 28.6 303 25
1976 4.458 61.6 28.3 29.8 31.9 323 17
1977 4.36 64.1 30.6 24.9 29.7 332 18
1978 5.621 72.4 33.5 27.2 30.8 325 32
1979 6.655 45.5 39 24.5 30 390 38
1980 6.264 50.3 36.5 33.3 32.7 434 39
1981 6.508 57.4 29.5 33.9 31.8 448 37
1982 5.904 72.2 31.4 32.8 31.6 452 42
1983 5.059 84.1 29.9 36.3 39.6 475 51
1984 4.986 88 21.7 39.4 41.8 503 52
1985 5.17 69.1 26 47.3 44.6 515 53
1986 5.622 63.1 31.3 48.8 48.8 525 54
1987 5.34 75 32.5 38.8 55.3 577 57
1988 4.624 52.1 30.9 35 43.3 633 61
1989 4.779 77.6 32.8 32.2 41.1 707 61
1990 4.465 81.7 29.9 39.4 57 713 48
1991 4.126 89.4 27.2 36.8 56.5 702 53
1992 4.365 96.1 26.1 37.1 50.9 809 63
1993 4.102 101.1 28.2 30.3 62.1 854 66
1994 3.901 95.9 25.1 28.6 69.3 912 66
1995 4.151 105.7 31 26.9 80 1013 77
1996 4.609 112.8 34 28.4 90.6 1098 83
1997 4.591 117.4 35 28.4 89.5 1131 76
1998 4.531 112.4 37.1 25.8 88.9 1077 80
1999 4.94 103.1 37.7 25.1 90.5 1138 81
2000 4.473 99.1 35.5 23.7 94.8 1648 76
2001 2.71 91.3 26.9 25.7 104.5 1563 64
2002 3.021 101 26.2 27.6 115.4 1385 57
2003 2.966 90.1 29.2 29 138.4 1428 58
2004 3.091 114.7 31.1 26.6 140.7 1449 57
2005 2.558 76.4 25.9 18.4 130 1765 56
2006 2.543 86.45 17.9 16.5 113.9 2055.7 58
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Year Chilies Potato Tomato Citrus Banana Apple 
1971 42 229 49 445 89 33 
1972 52 254 66 466 88 36 
1973 57 241 68 495 104 34 
1974 50 239 42 563 105 52 
1975 52 290 71 666 117 57 
1976 79 321 54 671 126 67 
1977 78 318 61 711 117 75 
1978 81 294 63 623 123 88 
1979 99 392 79 737 131 94 
1980 109 449 86 871 125 99 
1981 106 395 92 926 131 107 
1982 100 477 99 1160 132 114 
1983 104 518 118 1245 134 129 
1984 97 510 127 1300 135 128 
1985 96 543 130 1373 137 143 
1986 99 618 150 1434 140 166 
1987 92 594 148 1467 202 196 
1988 84 563 162 1411 206 212 
1989 74 645 179 1565 205 215 
1990 126 831 194 1576 210 232 
1991 101 751 214 1609 202 243 
1992 142 860 238 1630 44 295 
1993 75 933 243 1665 52 339 
1994 142 1056 254 1850 53 443 
1995 95 1105 276 1933 80 533 
1996 136 1064 305 1960 82 554 
1997 140 964 313 2003 83 569 
1998 140 1426 325 2037 94 573 
1999 137 1810 332 1862 95 589 
2000 116 1868 283 1943 125 377 
2001 175 1666 269 1898 139 439 
2002 93 1731 294 1830 150 367 
2003 99 1946 306 1702 143 315 
2004 96 1938 426 1760 154 333 
2005 91 2025 426 1944 158 352 
2006 122.9 2140 386.4 2458 164 351 
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Year Guava Dates Milk Beef Mutton 
Poultry 
Meet 

1971 88 157 7600 348 206 14 
1972 75 183 7800 346 208 14 
1973 118 154 7899 349 224 19 
1974 105 178 8044 354 245 24 
1975 112 159 8173 357 265 27 
1976 136 168 8348 362 288 34 
1977 100 202 8524 375 303 37 
1978 124 198 8704 389 319 41 
1979 124 198 8888 404 335 44 
1980 117 198 9075 418 352 49 
1981 124 194 9267 434 370 52 
1982 198 215 9462 448 389 57 
1983 253 224 9662 464 408 75 
1984 276 231 10242 488 436 86 
1985 288 234 10856 513 467 99 
1986 313 269 12052 600 473 126 
1987 319 274 12669 630 507 134 
1988 335 277 13319 661 542 154 
1989 340 282 14003 694 581 172 
1990 347 284 14723 729 621 157 
1991 355 287 15481 765 665 151 
1992 373 293 16280 803 713 169 
1993 384 275 17120 844 763 265 
1994 402 579 18006 887 817 296 
1995 420 532 18986 931 875 308 
1996 442 533 22970 979 937 355 
1997 448 534 23580 919 602 387 
1998 455 538 24215 940 617 284 
1999 468 540 24876 963 633 310 
2000 495 580 25666 986 649 322 
2001 526 613 26284 1010 666 339 
2002 539 630 27031 1034 683 355 
2003 532 625 27811 1060 702 370 
2004 550 427 28624 1087 720 378 
2005 571 622 29438 1115 739 384 
2006 552 573 31294 1174 782 463 

Source: The basic data on different categories of output (crop and livestock sub-sector) presented in the 
appendix 13 were obtained from different official documents.  
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Appendix 14: Price Data of Output of Different Categories of Crops and Livestock               

                        from 1971 to 2006 (Rs per Tone) 
Year Wheat Rice Sugarcane Cotton Bajra Jawar Maiz 
1971 456 760 71 3808 322 305 384
1972 456 960 66 3625 486 424 500
1973 603 1060 113 4100 595 494 560
1974 683 1094 113 5025 552 496 580
1975 991 1157 140 7250 1115 1030 1100
1976 991 1195 153 7800 1150 1000 1475
1977 991 1393 153 10850 920 960 1158
1978 991 1487 153 8975 1140 1060 1325
1979 1206 1608 153 9725 1260 1440 1575
1980 1250 1608 187 10250 1700 1520 1725
1981 1450 1875 240 11075 2080 1740 1600
1982 1450 2125 240 11225 1740 1800 1900
1983 1600 2200 240 11225 2320 1600 2350
1984 1600 2250 240 11775 2380 1915 2200
1985 1750 2250 240 11925 1940 2532 2350
1986 2000 2325 240 11925 2632 1954 2425
1987 2000 2550 294 11925 3000 2760 2650
1988 2050 3250 294 12000 3092 3680 2625
1989 2125 3375 315 12075 2916 2216 3425
1990 2400 3575 344 12875 2540 3180 3375
1991 2800 3750 386 15550 3780 5180 4589
1992 3400 3875 385 17375 6354 3700 4557
1993 3649 4375 428 18150 5280 4300 4562
1994 4036 4625 420 19875 4812 5122 5679
1995 4674 5250 453 19875 6366 5590 6626
1996 4720 5550 515 23661 6971 6040 7147
1997 6004 6382 540 25711 10340 6170 8558
1998 7408 7750 606 29103 8840 7608 8720
1999 7231 7565 888 27920 7500 6280 8119
2000 7694 8049 888 22970 6030 6380 8016
2001 8244 8625 888 28794 7020 6986 8258
2002 7871 8234 895 29365 7680 7950 8400
2003 8825 9870 1063 29365 8320 9350 8825
2004 9150 10446 1050 29295 8220 7940 10096
2005 10696 12211 1025 29925 11970 9960 10115
2006 11126 12702 1050 34750 13620 10124 9966
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Year Barley Gram Rapeseed Tobacco 
Soya 
Bean Sunflower Safflower 

1971 420 463 1520 2480 2350 1861 2006
1972 440 530 1144 2656 2900 2320 2350
1973 640 750 1302 3275 2650 2443 2528
1974 620 880 1840 2430 2500 2544 2743
1975 660 1080 2279 6110 2550 2656 2825
1976 630 960 2250 5202 2550 2656 2838
1977 1040 1510 1870 5638 2775 2969 3035
1978 1060 1830 2142 7740 2600 2806 2750
1979 1260 1404 4021 8378 2675 2412 2010
1980 1400 2778 5980 6425 2675 2948 2412
1981 1160 4740 5462 6200 2675 2948 2412
1982 1240 5070 4748 6286 2925 3325 2800
1983 1420 3992 5170 5980 3050 3500 3000
1984 1869 3428 5868 7240 3500 3750 3125
1985 1758 3878 6424 8982 4000 4250 3500
1986 1420 3240 5759 14440 4000 4250 3500
1987 1680 3080 5821 2312 4000 4250 3500
1988 2460 4100 7740 15970 4000 4250 3500
1989 2160 5650 7475 15452 4125 4425 3575
1990 1980 5083 7224 14598 4625 5125 4125
1991 3875 3973 8140 15000 5750 6250 5500
1992 4500 4649 8625 16099 6250 7000 6136
1993 4925 6599 8950 17806 6875 7875 6750
1994 4025 10273 10750 20621 6875 7875 6750
1995 4375 13736 13275 20824 6900 10161 10164
1996 5975 11748 12600 26488 8777 11250 10933
1997 6250 8129 13950 32682 10829 11169 8889
1998 7200 11503 13850 31901 13510 14750 11081
1999 7275 13472 20850 33944 14375 15000 12312
2000 7500 15699 15375 36371 14875 15250 12994
2001 7161 18406 15500 34725 14202 14560 12406
2002 7350 21948 14799 34632 16625 16450 11350
2003 7800 17488 15950 35907 17725 18475 11175
2004 8000 13091 19200 41973 18000 18700 12000
2005 8200 17142 19500 43661 20000 19510 12250
2006 8435 18862 20000 48644 21325 19995 12480
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Year Linseed Groundnut Masoor Mash Moong Onion Garlic 
1971 1260 1125 792 800 900 424 340
1972 1400 1000 866 840 975 220 340
1973 1700 1800 1020 1360 1375 280 400
1974 1940 1870 1180 2300 1600 880 450
1975 3025 2100 1426 2178 1600 610 620
1976 3421 2470 1850 2675 1875 725 600
1977 4425 2920 2275 3200 2325 1175 940
1978 4827 3290 2975 4025 3450 1600 2800
1979 4921 3840 2850 3950 3600 1375 3646
1980 5425 4485 2550 4250 3750 1250 4746
1981 5710 4480 2675 3950 3700 1875 5846
1982 6290 4480 6425 5775 5775 1300 4640
1983 7750 4970 6125 5250 6125 2225 9760
1984 8250 5500 4125 5300 6100 1450 5320
1985 10250 5921 4800 6975 6875 2625 4740
1986 12255 6257 8575 6950 6125 2000 5120
1987 8766 6140 8550 7550 6475 1225 6860
1988 14250 7240 7425 7075 5900 2400 9400
1989 9325 7997 7475 8200 8650 2725 9640
1990 9750 11225 8225 9675 9125 3075 4860
1991 11450 10325 10100 9200 9625 1750 6600
1992 8500 13400 7975 10025 9925 2390 13226
1993 8820 14875 6050 9250 11125 4532 9023
1994 10594 19775 5700 8800 10950 4485 14977
1995 13083 19970 5275 14025 12575 5125 17597
1996 12417 18682 8775 21750 14950 4844 14298
1997 13748 23051 12175 23475 14050 6225 12861
1998 14675 22500 10575 20500 17525 7032 21885
1999 19475 26250 9225 18850 22850 11326 11326
2000 19725 28775 8050 23800 21450 4030 17406
2001 19875 27473 8450 32975 19350 7062 16361
2002 18976 26250 9787 35225 23425 6529 15126
2003 9450 29075 24260 27375 20075 5675 19050
2004 21625 31000 26325 22550 18150 7675 18800
2005 21800 33000 26700 21750 24125 8528 27385
2006 22000 32978 26900 30825 34800 9520 37298
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Year Chilies Potato Tomato Citrus Banana Apple 
1971 4625 340 350 390 1640 2120
1972 5400 243 220 510 1800 3000
1973 5800 343 840 495 2280 3040
1974 6475 790 1040 640 2710 4040
1975 6158 630 1540 752 2650 4000
1976 6220 685 2340 766 3140 4250
1977 6400 745 1720 935 3250 4400
1978 6600 920 1480 870 3340 5800
1979 7120 1070 2920 950 3800 6400
1980 9721 670 3340 1040 4100 6800
1981 7970 920 3200 1280 4200 7500
1982 8330 920 2620 2172 4400 8000
1983 8452 1013 3040 1433 4820 9450
1984 9756 1013 3280 1740 5410 11250
1985 13256 1055 4320 1810 5910 14000
1986 10252 1050 3580 3520 5820 18250
1987 11558 1113 2640 2610 4640 20252
1988 12000 1113 3820 2240 4825 20726
1989 14682 1240 4160 2709 5400 20275
1990 17272 2375 4210 2307 4720 22125
1991 16798 4175 2407 2411 5000 23675
1992 15000 3577 4566 2553 7222 20175
1993 16099 3493 4518 2681 7778 20350
1994 17806 3845 5163 3617 8889 21350
1995 20621 7298 4880 4681 9445 23400
1996 20824 8648 6271 4383 8889 25450
1997 26488 6165 7084 4468 9445 25125
1998 32682 5304 11410 5234 9445 21725
1999 31901 5610 4060 5745 450 25300
2000 33944 5946 7114 3250 10000 27500
2001 36371 7864 6577 5787 9548 26256
2002 34725 6200 5717 5525 7619 18625
2003 34632 5625 7732 11667 9524 36175
2004 35907 10463 8591 13667 9600 36380
2005 41973 11676 9591 13900 9630 37000
2006 43661 12782 10740 13980 9648 35250
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Year Guava Dates Milk Beef Mutton 
Poultry 
Meet 

1971 1640 5400 1025 2800 5200 3200
1972 1700 6200 1478 3200 6400 4200
1973 1900 6200 1800 3700 7800 4600
1974 2150 6400 2024 4500 9000 5125
1975 2278 7000 2082 4800 9600 5700
1976 2840 7700 2686 5900 11800 6400
1977 3000 7294 3000 6200 13200 6530
1978 3240 7154 3252 7200 16600 6800
1979 3520 8220 3424 8800 19800 7600
1980 3840 8425 3874 9800 20200 8240
1981 4120 11750 4191 10400 22000 8975
1982 4440 9875 4475 10500 22000 10421
1983 4225 10475 4625 11700 24100 12421
1984 4720 11150 4895 12800 25700 15450
1985 5140 11220 5200 14700 29600 13225
1986 5822 13750 5495 15900 32200 16280
1987 7112 12220 6375 17000 35000 17495
1988 6242 14240 6525 17200 36100 18970
1989 6478 16482 7000 19400 40200 20433
1990 7225 15272 7225 21480 43700 18750
1991 7411 14000 7331 24710 50390 19018
1992 8925 20300 7951 25510 53860 18779
1993 8100 15825 9008 29620 60090 21596
1994 10725 20025 10256 32490 69940 23474
1995 10475 22525 11280 35630 81680 28169
1996 11675 22750 12428 40680 91710 30047
1997 15075 23625 13595 47290 99420 32864
1998 14875 26100 14953 54010 103370 35681
1999 14350 20075 15620 55440 106460 37559
2000 13250 22750 15906 55830 108640 37559
2001 17500 21721 16057 56780 109380 46948
2002 16708 24000 16525 56000 111530 48826
2003 16750 27625 16525 55190 124950 52582
2004 18625 28000 16800 61210 154310 57313
2005 19000 28500 17000 75450 165020 62110
2006 19500 32500 19450 101000 181234 70345

Source: The price data on different categories of output (crop and livestock sub-sector) presented in 
appendix 14 were obtained from different official documents, author’s own calculation based on field 
information and from the website of Food and Agriculture Organization (FAO). 
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Appendix 15: Basic Data of Different Categories of Inputs Used in the Estimation of 

                        TFP of Agriculture in Pakistan from 1971 to 2006   

Year 
CA 
(000H) LF (000) 

N 
(000N/Tone)

P 
(000N/Tone)

K 
(000N/Tone) PSC (000T) ETW (000#) 

1971 16600 10580 252 31 1.2 2248 36.746
1972 16600 10630 341 37 0.7 2438 40.308
1973 16900 10860 346 49 1.3 18484 45.116
1974 18300 10990 342 58 3.2 6474 49.487
1975 17400 11120 363 61 2.1 6928 57.583
1976 18000 11440 445 103 2.8 13758 60.386
1977 18200 11760 511 118 2.5 16226 63.793
1978 19300 12090 551 157 6 12754 67.41
1979 19300 12430 684 188 8 7727 71.101
1980 19200 12720 806 229 10 4419 76.826
1981 19300 13010 843 227 10 7105 83.855
1982 19800 13320 833 226 22 5481 88.458
1983 20100 13630 953 265 26 8860 92.216
1984 20000 13630 914 260 29 10663 94.845
1985 19900 13630 935 294 25 15889 97.022
1986 20300 14600 1128 350 33 17499 99.224
1987 20900 14130 1332 409 43 20648 99.532
1988 19500 14830 1282 393 45 15765 102.714
1989 21800 15290 1325 390 25 11327 107.201
1990 21500 15770 1468 382 40 10544 111.662
1991 21800 15680 1472 389 33 13030 113.635
1992 21700 14010 1463 398 23 15258 112.54
1993 22400 14760 1635 488 24 14435 113.519
1994 21900 14950 1659 464 23 12100 113.247
1995 22100 16120 1738 428 17 21776 112.794
1996 22600 15140 1991 495 30 30479 114.305
1997 22700 15500 1985 420 8 30856 118.689
1998 23000 15520 2075 551 20 29225 118.051
1999 23100 17460 2097 465 21 31893 117.415
2000 22700 17850 2218 597 19 26124 112.382
2001 22000 18070 2265 677 23 21255 113.733
2002 22100 18470 2285 625 19 31783 116.838
2003 21900 16680 2349 650 21 22242 119.555
2004 22900 17030 2527 673 22 41406 128.161
2005 22900 18260 2796 865 33 33968 128.694
2006 23100 18600 2927 851 27 25353 131.327

Note: CA (000H) is cultivated area in thousand hectares 
          LF (000) is labor force in agriculture in thousand numbers 
          N (000N/Tone) is nitrogen in thousand nutrients per tone 
          P (000N/Tone) is phosphorus in thousand nutrients per tone 
          K (000N/Tone) is potash in thousand nutrients per tone 
          PSC (000 T) is consumption of pesticide in agriculture in thousand ton 
          ETW (000 #) is the number of electric tube wells in thousands  



 191

 

Year DTW (000 #) Tractor (000 #) DRA (000#) 
Fodder 
(000T) Wstraw (000T) 

Concs 
(000T) 

1971 60.89 21.694 5.762 19384 6500 273.493
1972 67.14 23.798 5.9 28038 6900 356.752
1973 74.169 26.107 5.912 30461 7400 354.229
1974 81.308 28.639 5.932 32884 7600 332.531
1975 96.707 31.417 5.954 35999 7700 319.916
1976 100.569 34.496 5.975 39868 8700 259.364
1977 103.441 40.636 5.996 41601 9100 219.501
1978 104.966 47.869 6.018 43790 8400 290.145
1979 107.406 56.39 6.04 39450 10000 238.676
1980 112.086 66.428 6.276 48703 10900 367.346
1981 115.818 78.252 6.355 51105.9 11500 360.789
1982 118.621 92.182 6.434 52290.3 11300 377.441
1983 121.01 108.589 6.513 53146.3 12400 415.79
1984 135.691 127.919 6.594 54313 10900 249.777
1985 151.851 153.107 6.676 55199.9 11700 508.637
1986 158.085 160.976 6.759 54483.1 14000 609.557
1987 168.921 169.25 5.027 54214.2 12000 660.521
1988 185.739 177.949 4.975 53122.1 12700 740.753
1989 198.03 187.097 4.923 55498.8 14400 719.56
1990 213.517 196.712 4.872 56873.1 14300 734.698
1991 226.205 206.824 4.821 57714.2 14600 825.526
1992 243.3 217.454 4.771 56825 15700 1100.533
1993 260.58 228.632 4.721 56797.4 16200 777.589
1994 330.932 240.384 4.672 57104.5 15200 691.807
1995 350.669 252.754 4.623 60082.4 17000 746.303
1996 370.745 264.506 4.575 60343 16900 909.289
1997 388.135 276.805 4.326 60518 16700 804.332
1998 413.208 289.678 3.688 61299 18700 788.185
1999 445.811 303.148 3.693 60500.1 17900 754.377
2000 497.393 317.244 3.833 58414.4 21100 964.291
2001 545.545 331.996 3.909 56944.4 19000 920.895
2002 586.255 347.434 3.986 56083 18200 910.803
2003 643.347 363.589 4.066 56058.2 19200 876.49
2004 813.591 380.496 4.147 56323.7 19500 862.361
2005 826.148 398.286 4.229 54402.7 21600 1224.16
2006 799.721 447.55 4.318 55657.8 21300 1117.184

Source: The basic data on inputs presented in appendix 15 were obtained from different official documents 
except wheat straw and concentrates. The data on wheat straw and concentrateswere calculated from 
wheat and cotton production, respectively. 

Note: DTW (000 #) is the number of diesel tube wells in thousands 
          Tractor (000 #) is the number of tractors in thousands 
          DRA (000 #) is the number of draught animals in thousands 
          Fodder (000 T) is the fodder used for livestock in thousand tones 
          Wstraw (000 T) is the wheat straw used in livestock feed in thousand tones 
          Concs (000 T) is the concentrates used as a livestock feed in thousand tones   
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Appendix 16: Price Data of Different Categories of Inputs Used in the Estimation of     

                        TFP of Agriculture in Pakistan from 1971 to 2006 

Note: ALR is average land rent (Rs/hectare)  WR is wage rate (Rs/day) 

          N Price is nitrogen price (Rs/tone)   P is phosphorus price (Rs/tone) 

          K Price is potash price   (Rs/tone)   PSP is pesticide price (Rs/tone) 

          Ins cost/ETW is the installation cost of an electric tube well (Rs) 

Year ALR 
(Rs./Hec) 

WR 
(Rs/day) 

N.Price 
Rs/Tone

P.Price 
Rs/Tone 

K.Price 
Rs/Tone 

PSP 
Rs/tone 

 Ins cost 
/ETW (Rs) 

1971 285 2.4 1145 894 800 18.581 9031
1972 304 2.6 1410 991 800 16.263 9435
1973 327 3.2 1735 1335 900 14.259 9850
1974 346 3.5 2752 2070 1280 26.469 10179
1975 368 3.9 2846 1984 1280 37.194 10521
1976 388 5.7 2810 1788 1280 22.563 10873
1977 613 6.5 2721 1825 1200 28.389 11237
1978 835 7.7 2708 1735 1120 19.951 11614
1979 1043 9.4 2261 1845 1080 24.435 12003
1980 986 9.5 4212 2761 1200 37.94 14000
1981 1176 10.3 4077 2761 1200 31.631 17000
1982 1208 13.9 4901 2932 1300 42.076 21106
1983 1297 17.4 4868 4016 1600 44.775 26200
1984 1334 17.4 4868 4016 1600 64.319 32500
1985 1379 19.7 4868 4016 1600 75.311 40400
1986 1289 21.2 5234 4205 2000 80.965 50140

1987 1705 22.7 5030 4387 

 
 
 

2000 

90.991 62300 

1988 1782 25.3 5167 5023 2400 112.228 77282
1989 1989 27.9 6062 5473 2880 122.089 95950
1990 2214 30.9 6670 6281 4280 118.475 11765
1991 2508 40.1 5893 8136 6000 114.308 121273
1992 3143 56.2 6576 8469 6000 127.54 125010
1993 3169 58.3 7215 8818 7800 119.889 128889
1994 3427 61 7944 11852 7840 141.017 132828
1995 3684 65 10478 15163 11920 136.756 136919
1996 3944 68.5 11325 17754 13760 166.692 141136
1997 4201 72 12189 20110 21280 170.874 145483
1998 4497 75 14822 20584 21520 164.294 149000
1999 4841 76 16037 24574 21640 172.928 167400
2000 4969 80 11226 26763 22680 179.593 186900
2001 5288 97.5 15471 25312 27280 163.576 208713
2002 6098 100 16125 27733 30560 167.401 233000
2003 6743 106 18004 29127 31200 153.804 315000
2004 9637 110 19068 34977 32360 172.559 333850
2005 10363 115 23660 39291 38640 185.557 353800
2006 11856 122 28842 41028 46800 216.187 375000
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Year Ins 
cost/DTW
(Rs) 

Av. 
Price/TR 
(Rs) 

Av.Value/Head 
(Rs) 

Foder  
P/Tone(Rs) 

WStraw 
P/Tone(Rs) 

CSKP 
(Rs/Tone) 

1971 15240 19632 600 40.8 95 300
1972 16572 19635 776 19.4 100 340
1973 18000 26000 1000 37.1 125 400
1974 22000 37308 1250 69.5 150 700
1975 28000 42152 1620 79.6 162 740
1976 30000 60000 1725 45.1 150 780
1977 33000 61573 1900 40.8 125 1100
1978 38000 62000 2000 45.9 132 1188
1979 40000 68093 2095 41.2 172 1336
1980 42000 76000 2200 47.3 157 1484
1981 43000 76462 2310 54.3 170 1340
1982 44000 76462 2410 62.4 150 1620
1983 47000 85730 2515 71.6 188 1520
1984 49000 87820 2650 82.2 225 1340
1985 51500 88000 2800 94.1 263 1600
1986 54500 104436 2900 118.8 300 1700
1987 58000 113085 3000 152.6 238 1880
1988 59700 127004 3120 200.8 260 1970
1989 62200 145450 3625 195.5 390 1930
1990 64700 163166 3700 316.6 350 2600
1991 67270 188500 4800 327.3 425 2780
1992 69780 198500 5180 343.6 483 2820
1993 72300 225500 5740 360.8 552 3320
1994 74800 238250 6300 378.8 618 4800
1995 77300 287876 6800 397.8 684 4700
1996 79800 301000 7700 417.7 813 4440
1997 82370 386753 8300 438.5 825 4900
1998 84900 378325 8400 460.5 875 5740
1999 100000 314583 8850 483.5 850 5960
2000 110000 313000 9100 508.3 1010 6360
2001 115800 313000 9150 606.9 1075 6220
2002 122000 313000 9750 692.8 888 6300
2003 128500 313000 9880 788 1375 7020
2004 135300 320000 9900 868.7 1500 7480
2005 142500 320000 10450 957.1 2175 7720
2006 150000 324750 10700 1375.3 2625 8360

Source: The basic price data on different categories of inputs, presented in appendix 17 were obtained 
from different official documents and field information.   

Note:    Ins cost/DTW is the installation cost of a diesel operated tube well (Rs) 

             Av. Price/TR is average price of a tractor (Rs) 

             Av. Value/Head is the value per head (Rs) 

             Fodder P/Tone is the per tone fodder price (Rs) 

             WStraw P/tone is the price of wheat straw per tone (R 

 CSKP is the cotton seed cake (concentrate) price (Rs) 
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