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Abstract: The study assessed agricultural sustainability in South Asia (i.e., Bangladesh, Pakistan, 
India and Nepal) by computing multi-lateral multi-temporal Total Factor Productivity (TFP) 
indices and their six finer components (technical change, technical-, scale- and mix-efficiency 
changes, residual scale and residual mix-efficiency changes) and examined the role of capital in 
driving TFP growth covering a 34-year period (1980–2013). Results revealed that all countries 
sustained agricultural productivity growth at variable rates with Bangladesh experiencing highest 
rate estimated @1.05% p.a. followed by India (0.52%), Pakistan (0.38%) and Nepal (0.06% p.a.). 
There were little or no variation in technical and scale efficiency changes among the countries. 
However, residual scale efficiency increased @0.44% p.a. in Bangladesh, 0.12% p.a. in Pakistan, 
remained unchanged in India and declined −0.39% p.a. in Nepal. Similarly, mix efficiency increased 
@0.44% in Bangladesh, remained unchanged in India and declined @−0.12% p.a.in Pakistan and 
−0.39% p.a. in Nepal. The major drivers of agricultural TFP growth were the levels of natural, 
human and technology capital endowments whereas financial capital and crop diversification had 
opposite effects. Policy implications include land and tenurial reforms aimed at consolidating farm 
operation size and smooth operation of the land rental market to improve natural capital, 
investments in education to improve human capital and agricultural R&D to enhance technology 
capital in order to boost agricultural productivity growth in South Asia. 

Keywords: agricultural total factor productivity; technical-, scale- and mix-efficiency changes; 
technical change; natural; financial; human and technology capitals; South Asia 

 

1. Introduction 

Agriculture plays an important role in economic development, particularly in the developing 
economies of all regions. In addition to ensuring food and nutritional security, the sector does not 
only serve as the major source of rural employment and backbone of rural economies, but also 
contributes substantially to export earnings in developing economies. Following the food crisis and 
food price hike that the world experienced during 2008–09, agriculture regained its importance in 
world politics and policy planners’ priority list. The relative importance of agriculture is also high in 
South Asian countries, where one out of every three persons earns less than USD 1.25 per day, and 
the sector contributes significantly to GDP and serves as the major source of employment [1]. 
Agriculture contributes about 20% to total GDP in Bangladesh, Bhutan, India and Pakistan [2–5] and 
33.1% in Nepal [6]. The agriculture sector employs about 50% of the total employment in 



Sustainability 2017, 9, 470  2 of 24 

Bangladesh, India and Pakistan [7], 31% in Sri Lanka [8] and highest (65.6%) in Nepal [6], hence 
demonstrating the importance of this sector in absorbing the growing labor force of these countries. 

1.1. Agricultural Growth and TFP: A Major Policy Objectives of the South Asian Countries 

To attain the desired level of agricultural growth, all the South Asian countries have 
emphasized the importance of TFP improvements in their subsequent plan documents. For example, 
the Twelfth Five Year Plan (2012–2017) of India, based on an examination of productivity of the three 
major agricultural inputs of land, labour and capital over the various plan periods, sought for 
especial focus on strategies to enhance TFP in agriculture [9]. Similarly, the 11th Five Year Plan of 
Pakistan (2013–2018) set a target of 4.0% to 5.0% agricultural growth to be achieved by improving 
TFP growth though technology-based interventions and minimizing yield gap [10]. The Approach 
Paper for the Thirteenth Plan (FY 2013/14–2015/16) prepared by the Government of Nepal also set 
objectives and operational strategies to increase productivity of crops and livestock products [11]. 
Nepal’s Agricultural Development Strategy (2014) argued for TFP growth through enabling access 
to improved technologies and effective management of natural resources and other inputs [12]. 
Likewise, the Bangladesh Government’s 7th Five Year Plan (FY 2016–2020) maintained its focus on 
enhancing agricultural TFP growth. The most crucial policy intervention mentioned for this goal is 
investment in research and development for technological innovations and measures to enhance 
labour productivity [13]. 

In line with the policies for improving agricultural growth, the selected South Asian countries 
continued to increase government spending in the agricultural sector as evidenced in Table 1. 
Compared to 2002–04, not only expenditure in absolute term has increased but also the share of total 
outlays on agriculture has increased with some variations in between. For example, for India and 
Pakistan, both expenditures and share of total outlays in 2011–13 are higher from its 2008–10 level. In 
Bangladesh, India and Nepal, the central government’s expenditure on agriculture have increased at 
an annual rate of 0.17%, 0.13% and 0.16%, respectively. Similarly, agriculture’s share of total outlays 
in Bangladesh, India and Nepal annually increased at a rate of 0.11%, 0.05% and 0.08%, respectively. 
In Pakistan expenditure in both absolute and relative term remained constant. However, here one 
should bear in mind that increase in government expenditure do not always necessarily promote 
TFP, neither increase in agriculture’s share of total outlays is always an indicator of TFP growth. 

Table 1. Trend in Central Government Expenditure in Agriculture, Forestry and Fishing (Average of 
three years). 

Year 
Value US$, 2005 Prices Agriculture’s Share of Total Outlays 

Bangladesh India Pakistan Nepal Bangladesh India Pakistan Nepal
2002–2004 209.11 4862.50 198.54 60.78 3.64 4.35 1.19 5.21 
2005–2007 363.51 8396.34 567.58 74.13 5.46 5.86 2.56 5.76 
2008–2010 736.54 16131.50 1291.69 124.94 8.90 8.46 4.86 6.53 
2011–2013 971.14 14233.71 403.81 257.92 9.67 6.57 1.38 12.15 

Annual 
Compound 

Growth Rate 
0.170 *** 0.126 *** 0.142 0.155 *** 0.108 *** 0.050 ** 0.082 0.084 *** 

R2 0.932 0.787 0.233 0.754 0.861 0.433 0.100 0.516 

Source: FAOSTAT. Note: For Bangladesh 2010 and 2011 data were missing. Linear trend method was 
applied to estimate expenditure for these two years.*, ** and *** indicate significant at 10%, 5% and 
1% levels, respectively. 

1.2. The Green Revolution Technology and Agricultural Growth in South Asia 

Green Revolution (GR) technologies to drive agricultural growth were introduced in the region 
during the 1960s. The dominant feature of the technology was the use of high-yielding modern 
varieties of cereals (i.e., rice and wheat) and associated improved production practices (i.e., use of 
chemical fertilizers and pesticides, supplementary irrigation largely from ground water and 
sometimes from surface water sources and farm mechanization, etc.). Some proactive government 
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policies in the form of input subsidy, pricing of inputs and outputs and investments in 
infrastructure, irrigation systems, research and extension, etc., paved the path towards achieving 
higher yields from scarce land resource base. Estimates based on the FAOSTAT data show that the 
South Asian countries (including Afghanistan) produced around 300%–800% more paddy and 
wheat in 2014 from their 1960 levels. This gain was possible due to increase in both land area and 
yield. For instance, paddy yields in Bangladesh, India, Nepal and Pakistan in 2014 were 2.6, 2.4, 1.8 
and 1.7 times higher than those of 1961. During the same period, wheat yield in Bangladesh, India, 
Nepal and Pakistan increased by 5.5, 3.6, 2.0 and 3.4 times, respectively [14]. However, suspicion 
remains with respect to sustainability of the GR technology diffusion as gradual intensification of 
input use may end up with declining marginal returns [15]. For instance, Joshi et al. [16] found that 
in the Indo-Gangetic plain (IGP) of India, Total Factor Productivity (TFP) growth rates for rice and 
wheat were 2.08% and 2.14% p.a. respectively for the period 1990–99, which is lower than the earlier 
decade. In contrast, Rahman and Salim [17] reported that agricultural TFP changes fluctuated in the 
range of 1.30% to 1.38% p.a. during 2000–2008 period in Bangladesh which was higher than the 
earlier decades and similar to growth rates estimated during the take-off stage of GR technology 
(i.e., 1960–1970). In this connection, there is now great concern about the potential for increasing 
productivity growth in the irrigated GR systems and its sustainability in the long run. 

The two major sources of agricultural growth during the GR technology diffusion period in the 
region were the expansion of agricultural area and replacement of traditional varieties with modern 
varieties. However, over time the possibility of expanding agricultural area further is becoming 
limited or almost exhausted as the region is severely land constrained due to high population 
pressure. Moreover, the demand for land outside agriculture is increasing steadily. For instance, it is 
estimated that in Bangladesh, annually 1% of the country’s agricultural land is diverted to 
non-agricultural purposes [18]. Furthermore, as the countries have passed through the mature stage 
of the GR technology around three decades ago, it is quite unlikely to have ample scope for 
converting land under traditional varieties to modern varieties. Bera and Kelly [19] observed that 
such potential has almost been exhausted, as the ceiling adoption level of modern rice varieties 
appeared to have reached in Bangladesh. Simultaneously with increasing population, economic 
growth and urbanization demand for food is increasing and also consumption pattern is changing. 
In such a context, increasing productivity of the land and other inputs remains the most viable 
option for the region. Increased agricultural productivity can also contribute towards the growth of 
the non-agricultural sector by diverting scarce resources such as labor and capital outside 
agriculture [20]. 

1.3. Total Factor Productivity and Agricultural Sustainability 

Total Factor Productivity (TFP) is a commonly used empirical tool to assess sustainability of a 
specific agricultural production system [21], or crops [22,23]. Any agricultural production system, 
whether extensive lower-yield or intensive higher yield, have significant ecological effects. 
Historically human dominated habitats including agricultural lands, were established by cleaning 
millions of hectares of forests and natural vegetation. This is still continuing and has little concern 
for preserving ‘land for nature’ [24]. Farming intensification has also resulted in degradation of the 
natural resource base, particularly soil and water, through overuse and mismanagement of different 
chemical inputs [25–27]. The situation may be exacerbated in the future as food production has to be 
increased, not only because the population is increasing, but also due to rising income, rapid 
urbanization and changes in consumption pattern [28–30]. The SDSN report [31] cited several 
cross-national examples to demonstrate that farmers’ production gain was not necessarily associated 
with input intensification, rather through the increased efficiency of the use of chemical inputs, 
particularly nitrogen The report also noted significant gains in lowland irrigated rice yields in South 
America mainly due to strong public research and extension systems and science based agronomic 
management principles [31]. Wild biodiversity in agricultural landscapes can be effectively 
protected through enhanced research, policy coordination and planned support to agricultural 
communities and conservationists [24,32]. Braun [33] observed that agricultural growth does not 
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necessarily result in environmental degradation, rather poverty can largely explain environmental 
degradation in rural areas of low income countries. He argued for appropriate technology design to 
mitigate specific health and nutrition risks associated with technological change. Effective pro-poor 
food policies and health interventions are prerequisite for sustainable agriculture and is also 
beneficial to the environment [33]. Literature also observed situations where population growth and 
poverty may offer both incentives and disincentives for land degradation [32,34]. The literature is in 
conclusive as to whether poverty in general induces farmers to manage their resources poorly in the 
long run [34]. 

Sustainability does not only have such biophysical dimension, which relates to use, 
preservation and enhancement of the long term productivity of the resource base, but also has 
economic and social dimensions [35], which are focus of our work. A major limiting factor for 
narrowing our focus to consider mainly economic and social dimension is the lack of cross-country 
time-series data on biophysical aspects of agriculture for South Asian countries under investigation. 
Furthermore, the economic viability of farming and rural communities in the long-term are the main 
issues in economic and social dimensions of sustainability [36]. While measuring sustainability, the 
biological and physical scientists focuses on crop yields on the output side, and include indicators of 
soil and water quality on the input side. Byerlee and Murgai [36] criticized such physical scientists’ 
approach and noted that the yields have to be interpreted in relation to input use and that 
productivity is related to resource quality. Contrary to the approach adopted by the crop and soil 
scientists to analyse sustainability biophysically, the economists use the TFP approach, which is a 
single unambiguous measure of biophysical sustainability and explicitly accounts for changes in 
agricultural production in relation to changes in inputs [36]. Lynam and Herdt [37] argued for TFP 
analysis as an appropriate measure to determine sustainability, since in a sustainable production 
system, TFP should have a non-negative trend. Moreover, TFP indices capture the effect of 
technological improvements emanating from research and development activities and through 
investments made to develop infrastructures (e.g., irrigation, roads and electricity) [38]. Higher TFP 
ensures higher output from the use of modern technology and effective utilization of resources, 
thereby leading to poverty reduction, mainly in rural areas [39], which is one of the major policy 
objectives of the South Asian countries. 

1.4. Agricultural Productivity Growth Analysis for South Asia 

Studies on TFP growth and its determinants for the South Asian countries as a part of larger 
multi-country studies are available, though none conducted a cross-country comparison exclusively 
for the region. Cross-country comparison exclusively for South Asian region can be useful as these 
countries have similarities in terms of geography, production practices, farm characteristics and 
policies. The Indo-Gangetic plain, which includes Pakistan, India, Nepal, and Bangladesh, is the 
most fertile area in the region, supplying a lion’s share of the region’s food demand. Farming in the 
region is characterized by small farm holdings. For instance, in India and Bangladesh the average 
operated area is 1.15 ha [40] and 0.62 ha [41] respectively, with more than 85% of the farms are less 
than 1 ha in size. In Nepal the average farm size is 0.7 ha [42], whereas Pakistan has a much higher 
farm size estimated at 2.6 ha [43]. Agriculture in the region is dominated by cereals. The GR 
technology packages introduced in the South Asian countries were almost similar, mainly 
characterized by diffusion of high-yielding varieties (HYVs) of cereals (i.e., wheat and rice) along 
with the use of chemical fertilizers, insecticides, pesticides, supplementary irrigation and drainage 
and new methods of cultivation. All these were considered together as a ‘package of practices’ which 
is to be adopted as a whole to reap the full benefit of the GR technology. In this subcontinent after 
the end of British Colonial era, the general trend of cereal production was thought to have kept 
ahead of the population growth according to the official production figures. Much of the success was 
attributed to the combination of high propensity of investments in crop research, physical 
infrastructure, market as well as supply chain management development and appropriate policy 
support that took place during the first stage of GR period [44]. 
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An extensive review of the available studies for the South Asian countries was done by Kumar 
et al. [45]. Coelli and Rao [46] explored FAO database and estimated TFP indices for 93 countries 
covering two decades (1980–2000). Among the South Asian countries, Bangladesh showed highest 
annual TFP growth rate (2.4%), followed by Pakistan (2.3%), India (1.4%) and Nepal (1.0%) [46]. 
Shahabinejad and Akbari [47] analyzed TFP growth for eight developing countries over the period 
of 1993–2007; in which Bangladesh and Pakistan exhibited of 0.7% and 0.4% growth rates 
respectively. Both Coelli and Rao [46] and Shahabinejad and Akbari [47] applied Data Envelopment 
Analysis (DEA) and estimated Malmquist productivity indices to drive technical efficiency, 
technological and TFP changes. Although Malmquist index is widely used in the literature, this 
index generally produces biased measure of TFP change except in cases when technology exhibits 
constant returns to scale (CRS) and inverse homotheticity [20,48–50]. Avila and Evenson [51] applied 
a ‘simple accounting relationship derivation’ to estimate agricultural TFP growth rates of 
developing countries and noted that TFP in Bangladesh, India, Pakistan, Nepal and Sri Lanka grew 
@0.65%, 2.16%, 1.86%, 1.30% and −0.93% p.a. respectively, during the period 1961-2001. Similarly, 
Fuglie applied ‘growth accounting’ measure to estimate TFP for countries across different continents 
including seven South Asian countries (Afghanistan, Bangladesh, Bhutan, India, Pakistan, Nepal 
and Sri Lanka). For the region, the overall annual agricultural TFP grew by 0.63%, 0.86, 1.31%, 1.22% 
and 1.96% during the periods 1961–70, 1971–80, 1981–90, 1991–00 and 2001–09 respectively [52]. Both 
Avila and Evenson [51] and Fuglie [52] did not decompose TFP further to any of its associated 
efficiency measures and hence provided limited information on the drivers of growth. 

Although all of the aforementioned studies provided important information on the levels of 
TFP growth in the region, there are a number of limitations to consider. First, they are part of 
multi-country comparisons where the reference frontier is at the global scale and therefore fails to 
account for differences in environmental production conditions, farming practices and policy 
environments of the South Asian region. Second, the indices are computed using simple index 
methods (i.e., Malmquist index, growth accounting, etc.), which are biased as they fail to satisfy 
transitivity as well as axioms of the index number theory [20,48–50]. Third, most of these 
multi-country studies did not decompose the components of TFP growth, which can shed light on 
the actual contributions of each of the associated efficiency measures to total TFP. 

Therefore, given this backdrop, the main objectives of this study are to: (a) analyze agricultural 
TFP and associated efficiency measures for four South Asian countries (India, Pakistan, Bangladesh 
and Nepal) covering 34-year period (1980–2013); and (b) identify the role of different types of capital 
as drivers of TFP change. 

The contributions of our study to the existing literature on agricultural productivity are as 
follows. First, we have adopted the Färe-Primont productivity index proposed by O’Donnell [50] to 
measure TFP, which circumvents all of the methodological weaknesses identified above. This is 
because the Färe-Primont index does not require assumptions about the nature of the production 
technology, behavior of the firms, structure of markets and information about returns to scale and/or 
input-output prices. The index also satisfies all important regularity conditions of index numbers, 
which includes conditions of multiplicative completeness and transitivity [50]. Second, we have 
extended our initiative to estimate six finer components of TFP (i.e., technical change, 
technical-efficiency, scale-efficiency, mix-efficiency, residual mix-efficiency and residual 
scale-efficiency changes) which is not available for the South Asian countries and also not common 
for even single country level studies except a few, such as Rahman and Salim for Bangladesh [17] 
and Temoso et al. for Botswana [53]. In addition, third, we use the framework of capital (i.e., 
technological, human, financial and natural capital) to examine their role in driving TFP growth for 
South Asian agriculture as the literature argue that several policy related variables including capital 
have significant impacts on TFP change [17,46,51,54]. 

The remaining of the paper is organized in three section. The following section presents the 
analytical framework and describes the data. The results are presented in Sections 3 and 4 
discussions are done. Finally, in Section 5 conclusions and drawn and several policy implications are 
offered. 
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2. Materials and Methods 

2.1. The study Countries 

Although South Asia includes seven countries, all could not be included in this study. The 
present study focused on four countries: Bangladesh, India, Nepal and Pakistan which arguably has 
relatively higher level of dependence on agriculture. For example, Maldives is not considered as 
agriculture and mining together contributed only 1.8% of its GDP in 2012 [55]. Due to topography, 
Bhutan agriculture is characterized to be different than other countries and planning to rely 
preliminary on the use of organic materials [56–58] and the system has heavy reliance on traditional 
knowledge along with the avoidance of the use of chemicals in farming [58,59]. Besides, Government 
policy in Bhutan is to promote organic farming and all organic farms in the country enjoys tax 
holiday, in consistence to its target of becoming fully organic by 2020 [60]. On the other hand, 
though agriculture is important in Sri Lanka, it could not be included in the analysis largely due to 
unavailability of the reliable time-series data for the period under consideration. 

2.2. Analytical Framework: TFP Measurement 

To measure TFP and its six finer components for South Asian countries, we have adopted the 
recently developed Färe-Primont index (FPI), which is a non-parametric approach. As mentioned 
earlier, application of FPI and its associated six efficiency measures is not commonly seen in the 
earlier literature and was never applied to measure TFP in the South Asian context. Recently, to 
compute productivity indexes, two productivity indexes namely Hicks-Moorsteen index (HMI) and 
Färe-Primont index (FPI) are proposed by Bjurek [61] and O’Donnell [62], respectively. Both can 
compute TFP and do not require price data and do not impose any assumptions about the statistical 
noise. However, as HMI does not comply with the transitivity test, it is only be used for the purpose 
of single binary comparison; whereas the FPI can do multi-lateral and multi-temporal comparisons 
[62]. Stating differently, FPI is a suitable tool for comparing among many firms and many periods, 
which satisfies all other required regulatory conditions of an index (e.g., multiplicative completeness 
and transitivity test) [62]. 

The Färe-Primont index was developed using distance function as the aggregator function. The 
index can be decomposed into the product of technological progress, technical efficiency change, 
scale efficiency change and residual mix efficiency change. TFP change can also be decomposed into 
the components of technical change and TFP efficiency changes. TFP efficiency change can be further 
decomposed into technical, scale and mix efficiency changes. In this study, we employed this 
methodology proposed by O’Donnell [48,62] which is summarized in the following section. 

An index number is defined as a real number that measures the changes in a set of related 
variables [63]. Conceptually, index numbers may be used for comparisons over time or space or 
both. There are two main categories of index numbers: price index and quantity index numbers. The 
earlier category refers to consumer prices, input and output prices, export and import prices, etc.; 
whereas the latter category is concerned with changes in outputs produced or inputs used by a firm 
or industry over time or across firms [64]. The Färe-Primont TFP index is of the latter category and is 
based on two indices proposed by Färe and Primont [63]. As FPI is the ratio of an aggregate output 
to an aggregate input, we can express it through the following equation: ܶܲܨ =  (1) (ݔ)ܺ(ݍ)ܳ

By aggregating, the estimated outputs and inputs can be represented as follows [62]: ܳ(ݍ) = ,଴ݔ)଴ܦ ,ݍ (ݔ)ܺ ଴) (2)ݐ = ,ݔ)ଵܦ ,଴ݍ  ଴) (3)ݐ

Given the production technology available in period t, Equations (2) and (3) are the Shepherd 
output and input distance functions, respectively [65]. Both the distance functions are characterized 
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to be linearly homogenous, non-negative and non-decreasing. O’Donnell mentioned that the homogeneity 
and monotonicity properties make these functions natural candidates to be used as output and input 
aggregator functions [15]. Thus, the associated Färe-Primont index number for the TFP of the firm i 
in t period relative to the firm h in s period is [62]: ܶܨ ௛ܲ௦,௝௧ = ,଴ݔ)଴ܦ ,௜௧ݍ ,௛௦ݔ)ଵܦ(଴ݐ ,଴ݍ ,଴ݔ)଴ܦ(௢ݐ ,௛௦ݍ ,௜௧ݔ)ଵܦ(଴ݐ ,଴ݍ  ௢) (4)ݐ

O’Donnell explained that, in a transitive index, the DPIN 3.0 software compares firm i in period 
t with firm 1 in period 1. Most of the economic measures of efficiency, which are defined as ratio 
measures of TFP, are available in O’Donnell [62]. For example, O’Donnell showed the following 
output-oriented decompositions [50]: ܶܧܲܨ௡௧ = ௡௧ܧܱܶ × ௡௧ܧܱܵ × ௡௧ܧܲܨܶ ௡௧ (5)ܧܯܴ = ௡௧ܧܱܶ × ௡௧ܧܯܱ ×  ௡௧ (6)ܧܱܴܵ

where output-oriented technical efficiency (OTE) measures the shortfall in productivity of the firms 
operating below the production frontier [50], and the output oriented scale efficiency (OSE) and 
output-oriented mix efficiency (OME) measures account for shortfall in productivity due to 
diseconomies of scope. The residual output-oriented scale efficiency (ROSE) is defined as the ratio of 
TFP at a technically and mix-efficient point to the possible maximum TFP, and the residual mix 
efficiency (RME) is the component that remains after accounting for the effects of pure technical and 
pure scale efficiency changes [48]. 

2.3. Estimation Using DEA 

Using the data envelopment analysis (DEA) linear programming (LP) method, DPIN 3.0 
estimates the production technology along with the associated measures of productivity and 
efficiency [62]. The main assumption of using DEA method is that the (local) output distance 
functions representing the available technology in period t takes the form [63]: ܦ଴(ݔ௜௧, ,௜௧ݍ (ݐ = ௜௧ᇱݍ) (ߙ ߛ) + ௜௧ᇱݔ ⁄(ߚ  (7) 

The output-oriented problem involves finding the solutions for the unknown parameters in 
Equation (7) to minimize technical efficiency: ܱܶܧ௜௧ିଵ = ,௜௧ݔ)଴ܦ	 ,௜௧ݍ  ଵ. The resulting equation forି(ݐ
the linear program is: ܦ଴(ݔ௜௧, ,௜௧ݍ ଵି(ݐ = ଵିܧܱܶ = ,ߙ݊݅݉ ,ߛ ߛቄߚ + ௜௧ᇱݔ ݈ߛ׃ߚ + ߚ´ܺ ≥ ܳᇱߙ; ௜௧ᇱݍ ߙ = 1; ߙ ≥ 0; ߚ ≥ 0ቅ (8) 

where Q is a ܬ × ܭ ௧ matrix of observed outputs, X is aܯ ௧ܯ ௧ matrix of observed inputs, t is anܯ× × 1 unit vector, and Mt denotes the number of observations used to estimate the frontier in 
period t [62]. The DPIN 3.0 uses an alternative type of this LP to compute productivity and efficiency 
indices. DPIN 3.0 first solves the following LP, to obtain the Färe-Primont aggregates [62]: ܦ଴(ݔ଴, ,଴ݍ ଴)ିଵݐ = ,ߙ݊݅݉ ,ߛ ߛቄߚ + ݈ߛ׃ߚ଴ᇱݔ + ߚ´ܺ ≥ ܳᇱߙ; ଴ᇱݍ ߙ = 1; ߙ ≥ 0; ߚ ≥ 0ቅ (9) 

then the aggregated outputs and inputs of the Färe-Primont index can be obtained as [62] ܳ௜௧ = ௜௧ᇱݍ) (଴ߙ ଴ߛ) + ⁄଴ߚ଴ᇱݔ )  (10) 

௜ܺ௧ = ௜௧ᇱݔ) ɳ଴) ଴ᇱɸ଴ݍ) − ⁄(଴ߜ  (11) 

where ߙ଴, ߚ଴, ɸ଴ and ɳ଴ solve Equations (10) and (11). The DPIN 3.0 uses sample mean vectors as 
representative output and input vectors of the Equations (10) and (11). The representative 
technology here is obtained assuming no technical change thereby allowing the technology to 
exhibit variable returns to scale (VRS). When constant returns to scale (CRS) is assumed, DPIN 3.0 
sets δ = 0 [62]. 
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The description and estimation procedure of the variables used in the TFP analysis along with 
their data sources are presented below (in Table 2): 

Table 2. Description of the variables used in the TFP analysis along with their data sources. 

Outputs  

Crop output 

Includes all seasons and varieties of cereals, roots and tubers, pulses, oilseeds, 
vegetables, fruits and cash crops for all the four countries. Cereals, roots and 
tubers, and pulses are measured in physical quantity (i.e., metric tons). For the 
other three outputs gross production value (constant 2004–2006 1000 I$) are 
calculated. We have used six output variables namely: (i) cereals (including rice, 
wheat, barley, maize, millet, sorghum, etc.); (ii) roots and tubers (includes 
Potatoes, sweet potatoes, cassava, etc.); pulses (all types, e.g., broad and horse 
beans, different types of peas and beans, lentils, etc.); cash crops (includes 
coffee, tea, tobacco, rubber, etc.); oilseed (all types, e.g., almonds, soybeans, 
coconuts, groundnuts, rapeseed, sunflower seed, linseed, cashew nuts, sesame 
seed, mustard seed etc.); and vegetable (all types, e.g., cabbages and other 
brassicas, tomatoes, lettuce and chicory, pumpkins, squash, cauliflowers and 
broccoli, gourds, eggplants, cucumbers and gherkins, green beans, carrots and 
turnips, okra, etc.) and fruits (apples, bananas, oranges, lemons and limes, 
grapefruit, citrus fruit, pears, cherries, apricots, plums and sloes, and peaches 
and nectarines, etc.). 

Inputs  
Animal power  Number of total live draft animals (i.e., cattle and buffaloes)  
Labour Total economically active population (000) working in agriculture  

Land area  

Land area is measured as gross cropped area derived by multiplying arable 
land (000 ha) with cropping intensity (CI). The data for arable land and 
cropping intensity were taken from faostat and respective country’s national 
statistics, respectively. In Bangladesh, CI data was missing for the years 1980, 
2012 and 2013. For India and Pakistan, CI data was available for the years 1990–
2011. In Nepal CI information were available only for 1992, 2002 and 2012. 
Standard linear trend interpolation method was applied for these missing 
information. Similarly, for all the four countries, arable land data for the year 
2013 is predicted. 

Fertilizer  

Consumption of fertilizer in terms of total nutrients (metric tons) is estimated. 
Total nutrients include nitrogen (N), potassium (K) and phosphorus (P) 
obtained from all types of fertilizers (e.g., urea, single superphosphate, triple 
superphosphate, diammonium phosphate, muriate of potash, etc.). For India, 
data for N, P and K consumption are taken from Agricultural Statistics at a 
Glance 2010 and 2013. Fertilizer consumption data (in physical quantity) for 
Bangladesh, are taken from the Year Book of Agricultural Statistics, 1983–1984, 
1996, 2008, 2013 (BBS, various issues), and then converted into actual nutrient 
ingredients. For few years after 2006, some missing figures were replaced from 
Bangladesh Economic Review 2014. For Pakistan and Nepal, nutrient 
consumption figures for the years 2002–2012 were available in faostat. For the 
earlier years and 2013, a simple linear trend method is applied.  

Irrigation 

The proportion of land under irrigation is estimated as the ratio of total area 
equipped for irrigation (000 ha) and gross cropped area (GCA). Data for the 
earlier variable is taken from faostat. For all the country 2013 information was 
missing and is filled by interpolation method. GCA is the product of arable land 
(000 ha) and cropping intensity (CI). CI data for Bangladesh was collected from 
various issues of Year Book of Agricultural Statistics, 1983–1984, 1996, 2008, 
2013 (BBS, various issues), whereas for Nepal data at only three points of time 
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(1991/1992, 2001/2002 and 2011/2012) were available at the Pocket Book of 
Nepal, 2014 (CBS, 2014). For India information about CI since 2000/01 is readily 
available at the Statistical Year Book of India 2016, whereas for earlier years CI 
was calculated using information available at the Handbook of Statistics on 
Indian Economy 2015–2016. Land utilization statistics (total cropped area and 
net cropped area) for Pakistan since 1989/1990 were collected from Ministry of 
Food, Agriculture and Livestock, Pakistan. The missing information were filled 
by interpolation or extrapolation through simple linear trend method.  

2.4. Determinants of TFP Changes 

2.4.1. Theoretical Framework 

The drivers of TFP change are estimated through a Dynamic Generalized Methods of Moment 
(GMM) estimator for panel data. Such a model is commonly used in analyzing panel dataset, 
particularly when there is endogeneity concerns [66]. In a situation where there are ܰ countries 
over ܶ periods, the TFP growth rate of the country ݅ in period ݐcan be written as [66]: 

௜௧ݕ = ଴ߙ	 +෍ߙ௘ݕ௜,௧ି௘௠
௘ୀଵ + ෍෍ߚ௜௝௞ݔ௜௝,௧ି௞௝

௡
௞ୀଵ + ௜ߟ +  ௜௧ (12)ݑ

(௜ߟ)ܧ = (௜ݑ)ܧ	 = (௜௧ݑ௜ߟ)ܧ = 0, ݅ = 1,… ,ܰ; ݐ = 1,… , ܶ  

where, ݕ௜௧ is the change in TFP index value for country ݐ in ݅th year; ݕ௜௧ is the lag value of ݕ௜௧; ݔ’s 
are the different explanatory variables which may influence TFP change in ݐ − ݇  period (the 
variables are described elaborately latter in this section); ߙ and ߚ are the vectors of parameters to 
be estimated; ߟ௜ is one of the orthogonal components of the error term capturing the stochastic 
individual effect, where the other component denoted by ݑ௜௧ is the idiosyncratic shock. Following 
Yu et al. we assume that the lag lengths m and n are sufficient to ensure that ݑ௜௧ is a stochastic error 
and ݉ equals ݊ [66]. The lag is included as a country’s TFP growth is not only influenced by its 
current capital and resource endowments, rather previous years’ TFP has a role in paving the path. 
A country can readjust input and budget allocation to attain higher level of TFP. A ‘difference GMM’ 
type of model allows us to capture such variations and also takes care of several econometric 
concerns including endogeneity and possible non-stationarity in panel data series. 

2.4.2. Variables Explaining TFP Changes 

The available research identified several crucial policy level factors contributing to TFP growth. 
Of these some notable ones are: farm size, public and private research investments, extension 
expenditure, crop specialization, human capital, infrastructure (including roads, irrigation, power, 
etc.), vintage of capital, technology purchase expenditures, education, exposure or orientation to 
market, urbanization, etc. [17,54,67–69]. While analyzing trends in productivity growth, Byerlee and 
Murgai [36] suggested incorporating a wide range of variables such as conventional production 
inputs (land, labor, etc.) along with non-conventional inputs (education, infrastructure, etc.) and 
technology variables (e.g., high-yielding varieties, knowledge stock in the form of investment in 
research) and variables representing resource degradation (e.g., soil erosion, nutrient status, etc.), 
and weather variables. Avila and Evenson mentioned human, social and technological capital as 
factors influenced agricultural TFP performance in developing countries. They have constructed two 
new indexes named the Invention-Innovation Capital and Technology Mastery Capital to explain 
TFP growth. The Invention-Innovation Capital Index was constructed based on two indicators: 
agricultural scientists per unit of cropland and R&D as a percentage of GDP, to measure the 
adaptive invention and innovative capacity [51]. Following Avila and Evenson [51], we have 
constructed the Technology Capital variable. 
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Based on the existing literature mentioned above, we have constructed five categories of 
explanatory variables to explain changes in TFP growth using the framework of capital endowment. 
These are: technology capital, mechanization level, human capital, financial capital, natural capital 
and the Herfindahl index of crop diversification. One may argue for variables relating to political 
and institutional factors (e.g., political stability, governance, institutional efficiency etc.) for 
explaining TFP growth. However, inclusion of such variables is always debatable and can be more 
biased than omitting those. Cross-country comparison among governance and institutional factors 
may not be always wise as there are socio-cultural dynamics. Furthermore, the available governance 
related cross-country indicators are mostly perception based, for instance the Corruption Perception 
Index prepared by the Transparency International, The definition and construction of these 
explanatory variables of TFP growth are as follows (in Table 3): 

Table 3. Description of the explanatory variables used in explaining TFP changes along with their 
data sources. 

Variables Description of variables

Technology capital 

Using the information available in the faostat, this variable was 
constructed by adding the ratio of total number of agricultural 
researchers (FTE) and gross cropped area with the agriculture research 
spending as share of value added (agriculture, forestry and fishing). 
Simple linear inter and extrapolation methods were employed to obtain 
data for the missing years. 

Mechanization level 

This variable was constructed by adding three indicators: 
(a) Number of tractors available per GCA: The tractor numbers were 
collected from faostat. For Bangladesh and Pakistan, data were available 
till 2006; whereas for India and Nepal data till 2003 and 2008 were 
available respectively. The missing data points were filled through simple 
linear trend method. 
(b) Agriculture and forestry energy use as a percentage of total energy 
use: The data for the period for 1980-2009 were taken from faostat, 
whereas through linear trend method values for the later years were 
predicted. 
(c) Proportion of area equipped for irrigation is same as was used in 
estimating TFP and its components. 

Human capital 
Average year of schooling for the population was taken from the Human 
Capital Report 2015 of the World Economic Forum [70]. 

Financial capital 

Development flows to agriculture from all donors (disbursement in USD 
2014 prices) with the share of credit to agriculture (including forestry and 
fishing) and total credit. Another component added here is the share of 
agricultural GDP spend for agricultural science and technology. The data 
was taken from faostat, which are available for different time periods for 
different countries. Interpolation method was applied to fill the missing 
data. 

Natural capital The variable was constructed as the ratio of arable land (ha) and total 
population. The data was taken from the faostat. 

Herfindahl index of 
crop diversification 

Herfindahl index of crop diversification (the value of the index is from 0 
to 1 and higher value represents specialization) is estimated through 
using information about land under different crops available at faostat. 

2.4.3. Econometric Issues 

There are econometric concerns with Equation (12), which provoked us to use the difference 
GMM method. For example, among the explanatory variables technology, i.e., capital, 
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mechanization level, financial capital and the crop diversity index may have simultaneous causality 
problems with the dependent variable, resulting in these to be potentially endogenous. The GMM 
method can eliminate such problems of endogeneity [66]. Additionally, the lagged dependent 
variables might be endogenous to the individual effects in the error term in Equation (12). Inclusion 
of the lagged variable (i.e., change in TFP of the previous year, ݕ௜,௧ିଵ) may cause autocorrelation 
problems [71]. To deal with such complexities, Arellano and Bond [72] proposed an estimation 
method of dynamic panel difference model using all suitably lagged endogenous (and 
predetermined) variables as instruments in the GMM technique. The method is known as the 
difference GMM. Equation (12) is transformed into a first-difference equation [66]: 

△ ௜௧ݕ = 	෍ߙ௘ △ ௜,௧ି௘௠ݕ
௘ୀଵ + ෍෍ߚ௜௝௞ △ ௜௝,௧ି௞௝ݔ

௡
௞ୀଵ +△ ௜ߟ +△   (13)	௜௧ݑ

No correlation among the ݑ௜௧ݏ implies that the lagged dependent variableis uncorrelated with △  ௜௧. In such instances, the lagged dependent variable works as valid instruments for differenceݕ
Equation (13) at time ݐ + 2. By making full use of the conditional expectation of the product of the 
lagged dependent variable and all the moment equations, the GMM estimator addressing 
endogeneity and dynamic panel bias. The linear GMM estimators of parameter ߜ = ,ߙ)  ᇱ are(ߚ
computed as [66]: 

መߜ = ቎ቌ෍ ௜ܹ∗ܼ௜௜ ቍܣே ቌ෍ܼ௜ᇱ ௜ܹ∗௜ ቍ቏ିଵ ܺ ቎ቌ෍ ௜ܹ∗ܼ௜௜ ቍܣே ቌ෍ܼ௜ᇱ ௜ܻ∗௜ ቍ቏  

where, ௜ܹ∗ = (△ △,௜ݕ  s and possibly’ݔ s and’ݕ s; ܼ௜ representing vector of instrumental variables, like lagged level of’ݔ s and’ݕ ௜) is a data matrix containing the time series of the lagged differencedݔ

other exogenous variables; the weighting matrix here is ܣே = ቀଵே∑ ܼ௜ᇱܪ௜௜ ܼ௜ቁିଵ; and ܪ௜ is a possibly 
individual specific covariance matrix of the transformed errors; ௜ܻ∗ =△  .௜ [66]ݕ

An important feature of the difference GMM is that it includes separate instruments for each 
time period. It does not make trade-off between instrument lag depth and sample depth in two-stage 
least square (2SLS). Furthermore, through adjusting for non-stationarity of the series, the 
differencing process results in consistent and asymptotically efficient estimators [66]. We use 
Roodman written ‘xtabond2’ program to estimate the parameters of the GMM model [73]. 

3. Results 

3.1. Summary Characteristics of the Study Regions 

Summary statistics of the variables used in determining TFP and all its components are 
presented in Table 4. India, the largest country in the region in terms of area, population and GDP; 
produced more than other three countries combined. Following India, Bangladesh comes next in 
cereal and roots & tubers production; whereas Pakistan is ahead of Bangladesh and Nepal in the 
production of other four categories of outputs. 

In input use, India leads with largest quantity of land, animal power, labour and fertilizer 
consumption. Compared to other three countries, Pakistan is more dependent on irrigation. Share of 
land equipped for irrigation is more than two times higher in Pakistan than other countries. In 
Bangladesh, relatively higher number of economically active population is involved with agriculture 
than in Pakistan and Nepal, though Gross Cropped Area is more in Pakistan than Bangladesh and 
Nepal. Pakistan has more cattle and buffalo stocks than Bangladesh and Nepal, and consumes more 
nutrients through fertilizer use than the two countries. 
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Table 4. Major agricultural outputs and inputs for the South Asian countries, 1980–2013. 

Bangladesh India Pakistan Nepal
Outputs     
Cereals (metric tons) 34,232,352 214,834,964 26,185,959 6,260,500 
Roots and Tubers (metric tons) 3,482,545 29,450,091 1,866,224 1,302,632 
Pulses (metric tons) 423,922 13,507,441 920,964 202,630 
Cash crops (gross production value, constant 
2004-2006 1000 USD) 

934,006 19,843,558 4,452,873 174,765 

Vegetables and fruits (gross production value, 
constant 2004-2006 1000 USD) 

1,076,900 30,428,075 2,465,146 598,418 

Oilseed (gross production value, constant 
2004-2006 1000 USD) 

133,270 8,526,668 323,120 84,532 

Inputs     
Cattle and buffaloes stocks (Head) 23,627,865 288,658,258 43,794,114 10,343,467 
Total economically active population in 
agriculture (1000) 

31,109 227,204 18,293 7851 

Gross cropped area 1,456,162 22,122,079 2,868,725 411,961 
Fertilizer (Total Nutrient) 1,111,026 15,088,612 2,922,503 24,847 
Irrigation 0.2496 0.2493 0.6123 0.2473 
Determinants of TFP change     
Technology capital 0.42 0.38 0.18 0.27 
Mechanization level 3.52 4.82 2.19 1.17 
Human capital 3.55 3.76 3.16 2.17 
Financial capital 0.56 0.37 0.38 0.27 
Natural capital 0.0289 0.0562 0.1428 0.0465 
Herfindahl index of crop diversification 0.68 0.38 0.39 0.58 

Source: Mainly computed from FAOSTAT. Cropping intensity data to calculate gross cropped area 
were taken from respective country statistics. Indian fertilizer data are collected from the 
Agricultural Statistics at a Glance 2010 and 2013; whereas fertilizer data for Bangladesh are taken 
from the various issues of Year Book of Agricultural Statistics. Data for adult literacy rate are taken 
from World Bank’s website. Please refer to Section 2.4 for more detailed description of the data 
sources. 

3.2. Agricultural Productivity Growth and Associated Efficiency Changes 

Table 5 presents the Färe-Primont index estimates of TFP levels and their components for the 
selected four South Asian countries. The average TFP level during the study period was highest in 
Pakistan (0.91), followed by India (0.85), Nepal (0.67) and Bangladesh (0.65), respectively. All the 
four countries experienced nearly unitary technical, scale and mix efficiency levels (Table 5). 

Table 5. Total factor productivity and efficiency levels (Geometric means 1980–2013). 

Countries 
TFP 

Level 
Maximum 
TFP Level 

TFP 
Efficiency 

Level 

Technical 
Efficiency 

Level 

Scale 
Efficiency 

Level 

Mix 
Efficiency 

Level 

Residual 
Scale 

Efficiency 
Level 

Residual 
Mix 

Efficiency 
Level 

Bangladesh 0.65 0.91 0.72 1.00 1.00 1.00 0.72 0.72 
India 0.85 0.91 0.94 1.00 1.00 0.99 0.95 0.94 
Nepal 0.67 0.91 0.74 1.00 1.00 0.99 0.75 0.74 

Pakistan 0.91 0.87 0.87 0.99 1.00 0.97 0.90 0.87 

Changes in TFP and its six finer components for the selected years and over periods are 
presented in Table 6. In the region, Bangladesh has experienced highest TFP growth rate estimated 
at 1.05% p.a. Coelli and Rao [46] also observed relatively higher TFP growth rate for Bangladesh 
compared to India, Nepal and Pakistan. We found negative growth rate (−0.60%) during the first 
decade under consideration (i.e., 1981–90), whereas growth rates during 1990–00 and 2001–13 were 
1.71% and 2.44%, respectively. Fuglie’s study using FAO data reported similar trend in TFP growth 
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rate for Bangladesh. He reported that TFP in Bangladesh grew @−0.51%, 2.12 and 3.31% p.a. during 
the periods 1981–90, 1991–00 and 2001–09, respectively [52]. Two explanations can be offered for 
differences in growth rates between ours and Fuglie’s. Firstly, though both studies explored FAO 
database, there are differences in period covered and items covered for inputs and outputs. Fuglie 
covered more commodities in constructing outputs including livestock. There are also differences in 
the list of inputs. Secondly, Fuglie applied the “growth accounting” approach across a broad set of 
countries given data on production outputs, inputs, and their economic values. 

In Bangladesh, the growth patterns for residual scale and mix efficiency growth are similar as 
that of the TFP growth. However, the country has experienced no change in technical, scale and mix 
efficiency during the periods under consideration. According to Rahman and Salim, technological 
progress was the major driver for TFP growth in Bangladesh agriculture during 1948–2008, whereas 
technical efficiency improvement had negligible contribution. They estimated negligible decline in 
scale efficiency (−0.01% p.a.), but high (−0.19% p.a.) decline in mix efficiency [17]. Our estimated TFP 
growth rate is higher than are recorded in earlier studies for Bangladesh [17,74–77]. For instance, 
through Fȁre–Primont index, Rahman and Salim [17] estimated 0.57% annual growth rate over six 
decades. Our estimated growth rate for Bangladesh is comparable with Dey and Evenson [75] and 
Rahman [77] who reported 0.94% and 0.90% annual growth rate respectively. The estimated higher 
growth rate may be related with the time periods covered. All the previous studies covered periods 
prior to 1980s, when the country was at the early stage of GR and was experiencing lower TFP 
growth rate with a fluctuating cycle. The growth rate took upward trend during post-GR period, 
particularly from 1985 [77]. Avila and Evenson [51] also reported that the crop sector in Bangladesh 
experienced negative annual growth rate (−0.23%) during the period 1961-80, but in the following 
two decades (1981–1901) grew at a rate of 1.06% p.a. 

The estimated growth rate for Indian agriculture (0.52% p.a.) is lower than reported in earlier 
studies [16,46,51,54,78]. Evenson et al. [68] estimated TFP growth rate in Indian crop sector since 
1956 ranging from 1.05% to 1.39% p.a. For crops and livestock sector, Fan et al. [54] reported annual 
TFP growth rate of 1.75% during the period 1970–94; whereas Coelli and Rao [64] reported 0.90% 
p.a. TFP growth rate during the last two decades of the previous century. Avila and Evenson 
reported 1.54% p.a. TFP growth rate for the crop sector during 1961–1980, which further accelerated 
to 2.33% p.a. in the following two decades. Fluctuation exist in the pattern of growth rate. In India, 
the estimated growth rates during 1981–90, 1991–00 and 2001–13 are 0.17%, −0.60% and 0.85% p.a. 
respectively [51]. According to Fuglie [52] in Indian agriculture TFP growth rates for the periods 
1981–90, 1991–00 and 2001–09 were 1.33%, 1.11% and 2.08% respectively. In Indian agriculture we 
observed no change in different components of TFP, i.e., technical, scale and mix efficiency along 
with residual scale and mix efficiency remain unchanged during the periods under consideration. 

In Nepal TFP growth rate was only 0.06% p.a., which is lowest in the region. During the first 
decade under consideration Nepalese agriculture grew at an impressive rate of 2.29% p.a. However, 
in the following decade it was reduced to only 0.25% p.a., which picked up a negative trend during 
2001–13 and estimated to be −1.11% p.a. Fuglie [52] estimated annual agricultural TFP growth rate 
for Nepal for the periods 1981–90 and 1991–00 to be 2.34% and 0.19% p.a., respectively. There exists 
notable variation in TFP growth rate during the beginning of the century. Contrary to our negative 
growth rate −1.11% p.a. for the period 2001–13, Fuglie [52] estimated 2.49% annual growth rate 
during 2001–09. During the period under consideration technical, scale and mix efficiency remained 
unchanged, whereas both residual and mix efficiency decreased @−0.39% p.a. The only country 
specific research that could be accessed for Nepal estimated that TFP growth rate for the country’s 
crop sector for the periods 1961–80 and 1981–01 were 0.20% and 2.42% p.a. [51]. 
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Table 6. Changes in Total factor productivity (TFP) and its components for the selected years and over periods. 

Country Period TFP 
Change 

Maximum 
TFP Change

TFP 
Efficiency 

Change 

Technical 
Efficiency 

Change 

Scale 
Efficiency 

Change 

Mix-Efficiency 
Change 

Residual Scale-Efficiency 
Change 

Residual Mix-Efficiency 
Change 

Bangladesh 

1981 0.96 1.11 0.87 1.00 1.00 1.00 0.87 0.87 
1986 0.93 1.18 0.79 1.00 1.00 1.00 0.79 0.79 
1991 0.90 1.18 0.77 1.00 1.00 1.00 0.77 0.77 
1996 0.90 1.18 0.77 1.00 1.00 1.00 0.77 0.77 
2001 1.04 1.18 0.88 1.00 1.00 0.99 0.89 0.88 
2006 1.08 1.18 0.92 1.00 1.00 1.00 0.92 0.92 
2010 1.37 1.18 1.17 1.00 1.00 1.00 1.17 1.17 
2011 1.37 1.18 1.17 1.00 1.00 1.00 1.17 1.17 
2012 1.40 1.18 1.19 1.00 1.00 1.00 1.19 1.19 
2013 1.36 1.18 1.15 1.00 1.00 1.00 1.15 1.15 

1981–1990 −0.60 0.69 −1.02 0.00 0.01 0.00 −1.02 −1.02 
1991–2000 1.71 0.00 1.45 0.00 0.00 0.00 1.45 1.45 
2001–2013 2.44 0.01 2.06 0.00 0.00 0.09 1.98 2.06 

Whole period 1.05 0.52 0.44 0.00 0.00 0.00 0.44 0.44 

India 

1981 1.11 1.11 1.00 1.00 1.00 1.00 1.00 1.00 
1986 1.07 1.18 0.91 1.00 1.00 1.00 0.92 0.91 
1991 1.12 1.18 0.95 1.00 1.00 1.00 0.95 0.95 
1996 1.16 1.18 0.99 1.00 1.00 1.00 0.99 0.99 
2001 1.07 1.18 0.91 1.00 1.00 0.98 0.93 0.91 
2006 1.04 1.18 0.88 1.00 1.00 1.00 0.88 0.88 

1981–1990 0.17 0.69 −0.44 0.00 0.00 −0.23 −0.22 −0.44 
1991–2000 −0.60 0.00 −0.51 0.00 0.00 −0.22 −0.31 −0.51 
2001–2013 0.85 0.01 0.71 0.00 0.00 0.18 0.54 0.71 

Whole period 0.52 0.52 0.00 0.00 0.00 0.00 0.00 0.00 

Nepal 

1981 1.01 1.11 0.91 1.00 1.00 1.00 0.91 0.91 
1986 0.98 1.18 0.83 1.00 1.00 0.96 0.87 0.83 
1991 1.16 1.18 0.99 1.00 1.00 1.00 0.99 0.99 
1996 1.23 1.18 1.05 1.00 1.00 1.00 1.05 1.05 
2001 1.17 1.18 0.99 1.00 1.00 1.00 0.99 0.99 
2006 1.09 1.18 0.93 1.00 1.00 1.00 0.93 0.93 
2010 1.02 1.18 0.86 1.00 1.00 1.00 0.86 0.86 
2011 1.09 1.18 0.92 1.00 1.00 1.00 0.92 0.92 
2012 1.15 1.18 0.98 1.00 1.00 1.00 0.98 0.98 
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2013 1.02 1.18 0.87 1.00 1.00 1.00 0.87 0.87 
1981–1990 2.29 0.69 1.41 0.00 0.00 0.00 1.41 1.41 
1991–2000 0.25 0.00 0.21 0.00 0.00 0.48 −0.28 0.21 
2001–2013 −1.11 0.01 −0.96 0.00 0.00 0.00 −0.96 −0.96 

Whole period 0.06 0.52 −0.39 0.00 0.00 0.00 −0.39 −0.39 

Pakistan 

1981 1.01 1.11 0.91 1.00 1.00 1.00 0.91 0.91 
1986 1.16 1.18 0.99 1.00 1.00 1.00 0.99 0.99 
1991 1.16 1.18 0.99 1.00 1.00 1.00 0.99 0.99 
1996 1.23 1.18 1.05 1.00 1.00 1.00 1.05 1.05 
2001 1.10 1.18 0.94 0.94 0.99 0.95 1.05 1.00 
2006 1.06 1.18 0.91 0.97 1.00 0.95 0.99 0.93 
2010 1.02 1.18 0.87 0.98 1.00 0.92 0.97 0.89 
2011 1.08 1.18 0.92 1.00 1.00 0.92 1.00 0.92 
2012 1.03 1.18 0.87 1.00 1.00 0.84 1.04 0.87 
2013 1.13 1.18 0.96 1.00 1.00 0.92 1.04 0.96 

1981–1990 1.56 0.69 0.79 0.00 0.00 0.00 0.79 0.79 
1991–2000 0.80 0.00 0.68 0.00 0.00 −0.05 0.73 0.68 
2001–2013 0.18 0.01 0.15 0.44 0.05 −0.19 −0.09 −0.29 

Whole period 0.38 0.52 −0.12 0.00 0.00 −0.23 0.12 −0.12 
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The annual TFP growth rate for Pakistan is estimated to be 0.38% p.a. Pakistan has similar 
decreasing pattern as Nepal, though did not experience negative growth rate. During 1981–90, 
Pakistan’s agriculture grew at a rate of 1.56% p.a., which later reduced to 0.80% and 0.18% during 
1991–00 and 2001–13 respectively. Fuglie estimated TFP growth rate for Pakistan to be 3.21%, 1.19% 
and 0.59% p.a. for the periods 1981–90, 1991–00 and 2001–09 respectively [52]. Through the 
Cobb-Douglas specification Chowdhury [78] estimated that over the period 1990–05 the annual TFP 
growth rate for Pakistan agriculture was 1.75%. This outcome is almost the same as Martin and 
Mitra’s estimates of 1.70% p.a. using the Cobb-Douglas model for the period from 1967 to 1992. 
However, their estimated translog form showed a productivity growth of 2.30% p.a. for the same 
period [79]. Khan [80] noted that Pakistan agricultural TFP grew at a rate of 2.1% p.a. for the period 
from 1980 to 1993, which is higher than those of Khan [81] and Kemal et al [82], whose findings were 
0.90% (for the period 1960–96) and 0.37% (for the period 1965–01). In Pakistan, we found both 
technical and scale efficiency remain unchanged, though mix efficiency reduced by −0.23% p.a. The 
residual scale efficiency grew at 0.12% p.a., whereas the residual mix efficiency decreased by the 
same proportion. 

3.3. Determinants of TFP Changes 

Table 7 presents the parameter estimates of the Dynamic difference GMM model to identify the 
determinants of agricultural TFP change in South Asian region using Equation (13). Several 
hypothesis tests were conducted to confirm validity of the model. The test results are presented at 
the lower panel of Table 7 First, is the Sargan test of over-identification restriction, which tests 
whether the ‘instruments as a group are exogenous’ [71]. According to the estimated p-value of the 
test, the null-hypothesis cannot be rejected and hence the instruments as the group are exogenous or 
not endogenous. According to Bingxing et al. the GMM estimator is consistent only if there is no 
second-order serial correlation in the idiosyncratic error term of the first-difference equations [66]. 
To identify serial correlation, Arellano and Bond [72] developed a z-test. A significant negative 
first-order autocorrelation followed by a no second-order autocorrelation in differenced residuals 
imply that the disturbances are not serially correlated, which is certainly our case. Hence with strong 
evidence we can argue for the consistency of our GMM estimators. Two tests were conducted to test 
the exogeneity of the used instruments. One tests the exogeneity of GMM instruments for levels, 
whereas the other has the null hypothesis of exogeniety of IV instruments. Both the test statistics 
were insignificant, as required for validity of the used instruments. Furthermore, failure to reject the 
null-hypothesis of exogeniety of IV instruments imply that the data used are consistent and satisfy 
all the moments conditions and therefore the instrumental variables used also assumed to satisfy the 
exclusion restrictions. The Wald ߯ଶ  F-statisticwhich tests the null that ‘the coefficients on the 
explanatory variables are jointly zero’ is strongly rejected at 1% level of significance, there by 
justifying inclusion of the variables to explain change in TFP index value (Table 7). 

The associated sign with the estimated coefficient of the natural capital variable implies that an 
increase in per capita arable land positively contributes to TFP change. Availability of land may 
allow more diversified farming, particularly allowing shifting from low value added cereals to high 
value added cash crops. Most literature argued for efficiency and growth enhancing role of land 
availability, particularly in land scarce countries [17,83–85]; with a few exception [86]. 

In most of the existing literature, research was identified as a crucial factor for accelerating TFP 
growth (e.g., [17,46,51,87–89]). We have adopted Avila and Evenson’s concept to construct 
technology capital and mechanization level variables [51]. Kumar [89] estimated that in India 
research accounts for 20.0%, 54.5%, 26.6% and 57.9% growth in rice, wheat, sorghum and maize, 
respectively. Rosegrant and Evenson [87] estimated that public research alone can explain more than 
30% of TFP growth in India. We also found significant effect of technology capital on TFP growth for 
South Asia, which conforms with the literature. However, we did not find significant influence of 
the mechanization level on TFP growth. The reason may be due to the fact that the level of 
mechanization of agricultural sector is still quite low and traditionally confined to irrigation 
equipment since the introduction of the GR technology during the 1960s. Mechanization in land 
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preparation is becoming prominent only in the recent decades due to shortage of the conventional 
draft power services used for such operations in South Asia. 

The variable financial capital has negative sign in the model. The negative sign here implies that 
with increasing development flow and share of agricultural credit to total credit, TFP declines. 
Development flows from donors were made with a thrust to reduce gap between desired and actual 
domestic investments. In the process, it is expected to have manifold contribution, of which the 
ultimate focus is economic growth through employment creation and poverty reduction [90–92]. 
Past TFP performances is another crucial factor for TFP growth. This is evident from the significantly 
positive coefficient of the lag of TFP change. 

Human capital, measured as average year of schooling is positively associated with TFP 
change. It is generally believed that, education positively contributes in farming activities [93], and a 
bulk volume of literature concluded with growth and efficiency enhancing role of education [94–97]. 
However, an exception exists where education is found to have alternative role. For instance, though 
Rahman and Salim [17] observed that during 1948-2008 in Bangladesh, literacy significantly 
contributed to technical change, but worked against technical and scale-efficiency changes and TFP 
growth. Deb [98] reported the growth reducing role of education in Bangladesh. Pritchett’s cross 
country analysis [99] showed no association between the increases in educational attainment and the 
rate of growth of output per worker, whereas educational capital and TFP were negatively and 
significantly associated. 

Level of crop diversification, measured through Herfindahl index, negatively contributes in 
TFP growth. Use of Herfindahl index in estimating level of crop diversification is common in the 
literature [17,100,101]. Crop diversification is a commonly prescribed strategy in different policy 
documents for agricultural growth and development. Much of the literature observed positive 
impact of crop diversification on farm income [102,103], as well as on technical efficiency [104] and 
agricultural growth [105]. Contrary to these, Llewelyn and Williams [106] observed that in Indonesia 
crop diversification significantly reduced technical efficiency. In Ethiopia the diversified farms 
operate at relatively lower level of allocative and economic efficiency [107]. 

Table 7. Dynamic (difference) GMM estimator for the determinants total factor productivity change. 

Variables Coefficients Std. Err.
Constant 0.1278 ns 0.1132 

Lagged change in TFP (t-1 year) 0.7072 *** 0.0651 
Technology capital 0.3775 ** 0.1846 

Mechanization level −0.0019 ns 0.0055 
Human capital 0.0104 * 0.0058 

Financial capital −0.2887 ** 0.0918 
Natural capital 1.0522 ** 0.4364 

Herfindahl index of crop diversification 0.1720 ** 0.0870 
Model diagnostics   

Wald ߯ଶ 265.74 ***  
Sargan test of overid. Restrictions (߯ଶ124) 117.74 ns  

Arellano-Bond test for AR(1) in first differences (z-statistic) −5.68 ***  
Arellano-Bond test for AR(2) in first differences (z-statistic) 0.39 ns  

Difference-in-Sargan’s tests of exogeneity of instrument subsets:   
GMM instruments for levels (null: H = exogenous) (χ2 4 df) 0.25 ns  

IV instruments (null: H = exogenous) (χ2 2 df) −0.00 ns  
Number of observations 132  

Note: Instruments for first differences equation: Standard D. (natural capital, human capital); 
GMM-type (missing = 0, separate instruments for each period unless collapsed); L(1/.) (L.chtfp 
technology capital, mechanization level, Herfindahl index of crop diversification, financial capital). *, 
** and *** indicate significant at 10%, 5% and 1% levels, respectively. ns means not significant. 
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4. Discussion 

Growth in agricultural TFP is desirable as this indicates that the sector is able to enhance its 
productive capacity while economizing on the use of scarce resources and able to reap the benefit of 
the investments in technology and infrastructures. However, it is also important to identify the 
components contributing to agricultural TFP growth so that one can pinpoint the sources of 
observed growth. For example, the almost unitary technical efficiency scores for the four countries 
under study imply that farmers in these countries are already operating at their technical best, and 
therefore, scope to increase physical output is limited. Furthermore, the estimated scale and mix 
efficiency scores indicates that the countries are performing well and are able to derive economies of 
scale by adjusting input and output mixes subject to existing technology level [49,67]. However, 
there is substantial scope to improve residual scale efficiency and residual mix-efficiency levels, 
particularly in Bangladesh and Nepal. This indicates that the countries can improve their 
productivity by changing input and output mixes as well as scale of operation [17]. 

The prominent role of capitals in driving agricultural TFP growth provides clue to improve the 
sector by undertaking appropriate actions. For example, the significant role of natural, technology 
and human capitals in driving observed agricultural TFP growth in these countries provide 
confidence that effective utilization of existing land resource base and investments in technology 
development and education is a right path to follow. It is also clear that crop concentration, mainly 
cereals, has driven agricultural TFP in these countries which points towards further widespread 
diffusion of the GR technology. 

In the agrarian sector, literature argue for specific impacts such as productivity gain and 
poverty reduction [108]. Another school of thought is concerned with host country’s lack of 
absorbing capacity (level of human capital, technology, infrastructure, and financial market 
structure, etc.), which may hinder yielding desired benefit from development flows [92]. 
Furthermore, acknowledging farmer’s financial constraint as a core problem for technology 
adoption, agricultural credit was generally disbursed at subsidized interest rates. However, credit 
alone may not be the solution for agrarian transformation. For increasing production, along with 
improved inputs, knowledge and skills to use these inputs are important [108]. Farmers in the 
traditional cereal based economy may lack these knowledge and skills. Taylor et al. [109] provided 
empirical evidence that in Brazilian agricultural credit do not contribute to technical efficiency gain 
and has a slightly negative effect on allocative efficiency. Hence credit alone may not be a solution, 
particularly in a situation where the research-extension system is not effective. 

5. Conclusions and Policy Implications 

The present study assesses the sustainability of South Asian agriculture by computing 
multi-lateral multi-period TFP indices for a 34-year period (1980–2013). The study then decomposes 
the computed TFP index into six finer components (i.e., technical change, technical-, scale- and 
mix-efficiency changes, residual scale- and residual mix-efficiency changes). The study also 
examines the role of capital in driving agricultural productivity growth in South Asia. Results reveal 
that all countries sustained agricultural productivity growth but at variable rates. Bangladesh 
recorded the highest annual TFP growth rate estimated at 1.05%, followed by India (0.52%), Pakistan 
(0.38%) and Nepal (0.06%), respectively. During the period, the countries experienced little or no 
variation in technical, scale and mix efficiency changes, but differential changes were observed for 
residual scale and mix efficiency changes amongst countries which are largely responsible for 
differential rate of TFP growth. For Bangladesh, both residual scale and mix efficiency increased by 
0.44% p.a. In India, both these components were unchanged, whereas in Nepal, both components 
were reduced by −0.39% p.a. In Pakistan, residual scale efficiency increased by 0.12% p.a., whereas 
the mix efficiency decreased by the same rate. The major drivers for the TFP growth are natural and 
technology capital. Financial capital and crop diversification retards TFP growth. 

Based on the results of the study, several interventions can be offered. First, land reform and 
tenurial policies aimed at consolidating farm size and smooth functioning of the land rental market 
are important as these measure will improve natural capital. Given the nature of land scarcity of 
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these South Asian countries, effective implementation and modernization of tenurial policies will 
have more discernible impact on enhancing access to natural capital by large masses of landless 
farming population who will then be able to enter farming and will thus contribute towards 
agricultural productivity growth. Rahman and Salim also noted land reform measures aimed at 
consolidating average farm operation size to improve productivity in Bangladesh agriculture [17]. 
Second, investment in agricultural R&D aimed at improving production technologies and 
modernization of farming will contribute significantly to agricultural productivity growth in South 
Asia. Rahman and Salim also recommended investments in R&D in Bangladesh because of its 
prominent role in improving agricultural productivity [17]. Investment in education is another 
crucial factor, which will not only boost agricultural growth, but also has several folds of benefits 
through developing human capital. However, interventions related to education should target 
unfavorable institutional/governance environment that hinder attainable outcomes of education, as 
suggested by Pritchett [99]. Keeping in mind the average year of schooling in the south Asian 
countries, which is generally less than primary level (Table 4), government should invest more in 
primary and technical education. However, the tertiary level education should not be overlooked, as 
investment here is required for technological breakthrough. 

The negative association between crop diversification and TFP growth does not necessarily 
argue for cereal based specialized farming system. Rather it argues for further research to explore 
farm level inefficiency and marketing constraints that farmers face while producing non-cereal cash 
crops. Extension activities are another important component necessary to create enabling 
environment so that farmers can yield desired benefit of crop diversification. In addition, further 
diffusion of GR technology is also desirable. 

The welfare implication of our study is as follows: it was established in the introduction section 
that agricultural growth through the attainment of higher level of TFP is one of the major policy 
objectives of South Asian economies. However, in the pursuit of economic development, 
optimization among different goals (e.g., industrialization and service sector growth) can be 
problematic because it only targets higher economic growth, while neglecting the agricultural sector, 
does not necessarily imply welfare for all of the population, particularly the poor, and ultimately 
increases inequality. For example, Alesina and Rodrik [110] observed that growth maximizing 
policies are optimal only for governments concerned with the capitalist class. Concerns about 
economic growth and its redistributive effect are well documented in the economic literature [111–
113]. Therefore, we argue that, for the desired growth to benefit all segments of the population, 
particularly the rural poor, agricultural sector growth should be included within wider range of 
optimization concerns of a country, particularly focusing on the dimensions of sustainability and 
welfare issues. Finally, we recommend a detailed study incorporating biophysical dimension 
along with different economic and social aspects of TFP. Here it is noteworthy to mention that 
while examining the impacts of prices, resources, technology, education, public investments, 
climatic variables and agroecology on long-term food availability in Bangladesh, Rahman found 
climatic and agroecological factors to have relatively more influence on food availability than GR 
technologies [114]. 
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