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Productivity Growth in ASEAN Agricultural Sector: 1988-1997 

Mohd Zaini Abd Karim and Mohd Dan Jantan 

Introduction 
Over the last two decades, a number of ASEAN countries had undergone a dramatic 
transformation moving from a predominantly agricultural status to one on the brink of new
industrialisation. However, recent external shocks caused a reversal in the positive growth 
trend bringing to the fore the importance of the agricultural sector in stabilising the economy. 
It is argued that revitalising the agricultural sector is important to ensure a diversified and 
balanced development of the overall economy. The rapid growth in the manufacturing and 
services sectors and the rising importance of agro-based industries will require 
complementary growth in agricultural inputs to these sectors. To ensure continuing 
contribution of agriculture in the future, appropriate policies will be required to promote 
sustainable development and improvements in income for those remaining in the agriculture 
sector. The growth in agriculture in the future will have to come from a more commercial 
approach that emphasises efficient utilisation of resources. Moreover, the issue of agricultural 
sector productivity will be more critical with the opening up of domestic markets under the 
ASEAN Free Trade Area (AFTA). How the increased competitive pressures will affect 
domestic agriculture depend partially on their ability to adapt and operate efficiently in the 
new environment. Hence, the most efficient producers will have a competitive advantage. 
Therefore, information on agricultural sector productivity is important, as this will enable 
policy makers to formulate appropriate and sound policies to direct their agricultural industry. 
By analysing the efficiency of the agricultural sector, we can also determine the pattern of 
agricultural productivity before and during the financial crisis. 

It is the objective of the paper to analyse the productivity growth of the agricultural sector 
among the selected ASEAN countries and relating it to the country's performance before 
and during the financial crisis by applying a recently developed technique to analyse 
productivity growth. The productivity increase was decomposed into technical change and 
efficiency change using Malmquist- Data Envelopment Analysis (DEA) method as introduced 
by Fare et al., (1994 ). This technique allows us to isolate the contributions of improving 
efficiency from the contribution of technology progress. 

The rest of the paper is organised as follows. Section 2 explains the importance of 
distinguishing between the concept of technological progress and efficiency change. Section 
3 deals with the methodological issues and a brief explanation of Malmquist productivity 
index as a measure of TFP growth, technical change, and efficiency change. Section 4 
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describes the data and discusses the empirical results. Finally, Section 5 summarises the 
main findings. 

Technological Progress and Efficiency Change 
The distinction between technological progress (innovation or adoption of new technology) 
and changes in technical efficiency (catching-up) is very pertinent in studying the productivity 
performance of the agricultural sector in developing economies. Given a level of technology, 
appropriate resource allocation may be required to reach the 'best practice' level of technical 
efficiency over time. There is considerable evidence that productivity gain due to such 
'technological mastery' is substantial in developing economies, and may outweigh gains 
from technological progress (Nishimizu and Page, 1982). It is therefore important to know 
how far one is off the technological frontier at any point in time, and how quickly one can 
reach the frontier. 

Since TFP growth is the sum of the rate of technological progress and changes in technical 
efficiency, low rates of technological progress (due to failure in adopting new technology) 
can co-exist with improving technical efficiency (due to the ability to master existing 
technology), resulting in the low or often observed negative overall rates ofTFP growth. On 
the other hand, relatively high rates of technological progress can co-exist with deteriorating 
technical efficiency. Policy actions intended to improve the rate of TFP growth might be 
badly misdirected if focused on accelerating the rate of innovation, for example in 
circumstances where the cause of lagging TFP change is a low rate of mastery or diffusion 
of best practice technology. Hence, the idea that TFP growth can be decomposed into 
technical progress and changes in technical efficiency provides an avenue to distinguish the 
two analytically distinct concepts, hence leading to more meaningful policy recommendations. 

Methodology 
This section describes the method used to compare the agricultural sector performance of 
countries using measures of productivity growth and its decomposition into technical progress 
(innovation or adoption of new technology) and efficiency change (catching-up) components. 
The output-orientated productivity measures focus on the maximum level of output that 
could be produced using a given input vector and a given production technology relative to 
the observed level of outputs. Each country's efficiency is measured relative to the 
performance of other countries observed during the year as well as relative to the best
practice technology available during a "base year." The year and "base-year" technical 
efficiency scores are used to construct the Malmquist productivity index first introduced by 
Caves, Christensen, and Diewert ( 1982) and later extended by Fare, Grosskopf, Norris, and 
Zhang ( 1994) to allow for inefficiency in production. By explicitly recognising the possibility 
of inefficient behaviour, the frontier Malmquist productivity index allows productivity 
changes be decomposed into measures of"catching-up" and "true" technological changes 
as proposed by Nishimizu and Page (1982). 

To illustrate the difference between technological change and efficiency change, first we 
need to define production technology and output distance functions. 
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Production Technology, Distance Function, Technical Efficiency and Technical Change 
One can describe a multi-input, multi-output production technology without the need to 
specify a behavioural objective (such as cost-minimisation or profit maximisation) by using 
distance functions. An output distance function characterises the production technology by 
looking at a maximal proportional expansion of the output vector, given an input vector. 

A production technology, satisfying standard axioms, may be defined using the output set, 

Z, which represents the set of all output vectors, y E RN , which can be produced using the 

input vector, x E RN+ . That is, 

Z (x) = { (y: x can produce y} (1) 

The output distance function is defined on the output set, Z(x), as: 

D (x,y)= min{8:(yl8)EZ(x)} (2) 

zt+I 

Z' 

yt = a -----y' 

0 x' X 

Figure 31.1: Malmquist Productivity Indices and Output Distance Functions 

The output distance function, D(x,y), will take a value which is less than or equal to one if 
the output vector, y, is an element of the feasible production set, Z(x). Furthermore, the 
output distance function will take a value of unity if y is on the boundary of the feasible 
production set or frontier of the technology. In this case, the production is technically efficient 
in the terminology of Farrell ( 1957).6 This can be seen in Figure 31.1. In the figure, y' is not 
technically efficient since observed production at t is interior to the boundary of technology 
at t. The distance function seeks the reciprocal of the greatest proportional increase in 
output, given input such that output is still feasible. In the diagram, maximum feasible 
production given x,, is at (y'/8). Hence, the value of the distance function is y'/(y'/8) = 8 = 
oalob ~ 1. 
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Technical change has occurred between time period t and t+ I since the set of feasible 

production in t+ I is greater than the set of feasible production at t i.e. Z' {;;; zr+1• Technical 
efficiency also appears to have improved from time period t to t+ 1 as well since y1+ 1 1s 

relatively closer to the boundary of z,+i than y' is to the boundary of Z'. 

Malmquist Productivity Index and its Decomposition 
The Malmquist TFP index came to prominence through the work of Caves, Christensen, 
and Diewert ( 1982) and it measures the TFP change between two data points by calculating 
the distances of each data point relative to a common technology. Following Fare, Grosskopf, 
Norris, and Zhang (1994 ), the Malmquist output-oriented productivity index is defined as 

M'+1(x,+1,Y1+1,x,,yJ={[D'(x,+1,Yi+JID1(x,,yJJ[D'+1(x1+1,y,+JID1+1(x1,yJJ} 112 (5) 

The productivity index is the geometric mean of a pair of ratios of output distance functions. 
The first ratio compares the performance of data from period t and t+ I relative to the 
production possibilities existing in period t, and the second compares the performance of 
the same data relative to production possibilities existing in period t+ I. Equation (5) can be 
rewritten as 

M'+1(x,+1,Y1+1,X,,yJ = ni+1(x,+1,Y,+JID1(x,,yJ 
• {[D'(x,+1,Y,+JI D'+1(x,+1,Y,+Jl [D1(x1,yJ/IJ+1(x1,yJJ} 112 (6) 

Equation (6) decomposes the Malmquist productivity index into the product of two terms. 
The first term is the ratio of the output distance functions involving data and technology 
from periods t+ 1 and t, respectively, showing whether production is getting closer ( catching
up) or farther from the frontier. It has a value of unity when there is no change in technical 
efficiency, greater than unity ifthere is improvement in technical efficiency, and Jess than 
unity if there is decline in technical efficiency. The second term captures the effect of 
technological change. The second term has a value of unity when there is no technical 
change, greater and less than unity if technical change has improved and worsened 
respectively. 

Measurement of Malmquist Productivity Index, Technical Change, and Efficiency Change 
To estimate the Malmquist productivity index as in equation (5), we need to calculate the 
component distance functions D'(x,,yJ, D1+1(x1+1,y,+J, D'(x,+1,Y,+J and D'+1(x,,yJ. We used 
the method by Fare et al. (1994) which uses non-parametric programming methods. To 
calculate the productivity of country i between time period t and t+ I, we need to calculate 
four component distance functions, which involves solving four linear programming (LP) 
problems. The calculation of D'(x,,yJ and D'+1 (x1+1,Y,+i) involves the calculation of technical 
efficiency scores for each country in a time period in comparison with all countries in tte 
same time period. Assuming constant return to scale technology, and since output distance 
function is reciprocal to the output-based Farrell measure of technical efficiency, the output
oriented LPs used to calculate both distance functions, respectively, are: 
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[D'(x,,yJI' = max0_,. 0 
s.t. - ~it + Y,A ~ 0 

xit - x;A ~ 0 

A~ o 

[D,.'(x,. 1,y,+JI' = max0_,_ 0 
s.t. -~;1+1 + Y,+1A ~ 0 

Xit+I - x;+1A ~ 0 

A~O 
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(7) 

(8) 

Calculation of D'(x,.i,y,.J and D1+1(x,,yJ involves calculation of technical efficiency scores 
for each country in a time period in comparison with all producers, including itself, in the 
other time period. The LPs to calculate these distance functions are: 

[D'(x,+ 1,y,+JJ-1 = max.u 8 
s.t. -~it+I + Y,A c 0 

Xit+l - x;A c 0 
A co 

[D,. 1(x,,yJJ-' = max0_,_ 0 
s.t. -~it + Y,+1A c O 

X;,- x;+1A C 0 

Ac o 

(9) 

(10) 

In LPs (9) and (10), where production points are compared to technologies from different 

time periods, the 8 parameter need not be ~ 1, as it must be when calculating Farrell 
efficiencies. The point could lie above the feasible production point. This will most likely 
occur in LP (9) where a production point for period t+ 1 is compared with technology in 
period t. If technical progress has occurred, then a value of 8 < I is possible. Although it 
could also possibly occur in LP ( 10) if technical regress has occurred, this is less likely. 

Once these four linear programmings are solved, efficiency scores are inverted and substituted 
into equation (6) to obtain a decomposition of productivity change into efficiency change 
and technical change, for each country. Then, the entire procedure is repeated for the set of 
countries for periods t+ 1 and t+ 2 and so on, through time period T-1 and T. 

Data and Results 
Aggregate data on output, capital and labour have traditionally been used in estimating total 
factor productivity whether stochastic frontier functions, data envelopment analysis, or an 
index number approach was employed. The data used in this study were country-level 
agricultural output and inputs of four selected ASEAN countries for 1988-1997. The value 
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of agricultural output is defined as the sum of the total value of production from farming, 
forestry, and fishing. The data were taken from the United Nations Statistical Yearbook for 
Asia and the Pacific. Land, labour and machinery are considered to be the main inputs in 
agricultural production. Land refers to the total cultivated areas at the end of each year. Our 
measure of labour is the total labour force in farming, forestry, and fishing. Machinery 
refers to the capital inputs inASEAN agricultural production in this study. All of the above 
data were taken from the United Nations Statistical Yearbook for Asia and the Pacific. 

To see the changes in ASEAN agricultural production during the period 1988-1997 we 
summarise the average annual growth rates of output and inputs in agricultural production 
for each country in Table 31.1. Among the input factors, the use of capital had the highest 
growth rates, followed by the use of land, and labour. 

Table 31.1: Average Growth Rate of Agricultural Output and Inputs(%): 1988-1997 

Output Labour Land Capital 

Indonesia 8.0 -0.7 1.6 4.6 
Malaysia 8.4 -1.7 0.3 5.3 
Philippines 9.6 -1.0 0.6 5.2 
Thailand 8.6 -2.3 0.4 6.5 

Table 31.2: Technical Efficiency Indexes under Constant Returns to Scale by Country, 1988-1997 

Country 

Year Indonesia Malaysia Philippines Thailand Mean 

1988 0.869 1.000 0.925 1.000 0.948 
1989 0.931 1.000 0.920 1.000 0.963 
1990 0.928 1.000 0.923 1.000 0.962 
1991 0.930 1.000 0.927 1.000 0.964 

1992 0.926 0.932 0.945 1.000 0.958 
1993 1.000 0.951 0.935 1.000 0.948 
1994 1.000 0.930 1.000 1.000 0.982 

1995 1.000 0.896 1.000 0.924 0.955 

1996 1.000 0.913 1.000 0.928 0.960 

1997 0.841 0.902 1.000 0.921 0.916 

The technical efficiency indices under the constant return to scale of the four selectedASEAN 
countries from 1988 to 1997 are presented in Table 31.2. The best-practice frontiers in 
agricultural production from both technologies were constructed for each year; and then the 
individual countries were compared to the best frontier using the same technology. If one 
country's index value is equal to one, the agricultural production of this country is on the 
ASEAN best-practice frontier or technically efficient. If the index value is less than one, its 
production is below the best-practice frontier or technically inefficient. Thailand's technical 
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efficiency is quite impressive; it is on the frontier in seven of the ten sample periods and its 
technical efficiency scores averages 97 per cent. This means that Thailand's agricultural 
sector produced about 97 per cent of its potential output over the period. The other three 
countries have relatively identical performances. All these three countries are technically 
efficient in four of the ten periods under study and averages between 93 and 94 per cent. 

In this study, we decomposed the Malmquist productivity index into technical change indices 
and efficiency change index. In order to identify changes in scale efficiency, it was further 
decomposed into pure efficiency change and scale efficiency change. The average annual 
changes of the Malmquist productivity indices and their components for each country during 
the period 1988-1997 are presented in Table 31.3. Any improvement in productivity implies 
that the value of Malmquist index is greater than 1. 

Table 31.3: Malmquist Index of Productivity Change, Technical Change, and Efficiency Change: 
Average Annual Changes, 1988-1997 

Country Productivity Technical Efficiency Pure Scale 
Change Change Change Efficiency Efficiency 

Change Change 

Indonesia 0.949 0.985 0.963 1.000 0.963 
Malaysia 1.006 1.006 1.000 1.000 1.000 
Philippines 1.005 1.005 1.000 1.000 1.000 
Thailand 1.012 1.018 0.994 0.999 0.995 
Mean 0.993 1.004 0.989 1.000 0.989 

The results showed that the average productivity growth in agricultural production for ASEAN 
countries declined at 0. 7 per cent. Among the A SEAN countries, Thailand showed the highest 
productivity growth at 1.2 per cent followed by Malaysia at 0.6 per cent, the Philippines at 
0.5 per cent while Indonesia had a productivity decline at 5.1 per cent. However, when the 
year 1997 was excluded, the average productivity growth in agricultural production for 
ASEAN countries increased by 5 .4 per cent (Table 31.4 ). Thailand again showed the highest 
productivity growth at 8.3 per cent followed by the Philippines at 5.8 per cent, Malaysia at 
5 .1 per cent, and Indonesia at 0.8 per cent. Higher productivity growth for Malaysia, Thailand, 
and the Philippines reflect their higher growth rates in output and lower growth rates in the 
use of the three inputs. The growth in productivity in the ASEAN countries reflects improved 
varieties of crops and changes in output composition. The growth of output was also 
influenced by the growth of livestock production which automatically increased the output 
per hectare. The growth of agricultural production was associated with a remarkable growth 
in the public goods: roads, electricity, health, and education. All of these have been essential 
for the improvements in the available technology that was taking place in the ASEAN 
countries. 
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Table 31.4: Malmquist Index of Productivity, Technical, Efficiency and 

Average Annual Changes, 1988-1996 

Country Productivity Technical Efficiency Pure Scale 
Change Change Change Efficiency Efficiency 

Change Change 

Indonesia 1.008 1.035 0.974 1.000 0.974 
Malaysia 1.051 1.051 1.000 1.000 1.000 
Philippines 1.058 1.058 1.000 1.000 1.000 
Thailand 1.083 1.073 1.009 1.012 0.997 
Mean 1.050 1.054 0.996 1.003 0.993 

On average, the technical change index rose at 0.4 per cent while efficiency change declined 
at 1.1 per cent. Excluding the year 1997, on average, the technical change index for A SEAN 
rose at 5.4 per cent while efficiency change declined at 0.4 per cent. Growth in technical 
change and decline in efficiency change suggest that the growth in TFP in ASEAN agricultural 
production arose from innovation in technology rather than the improvement in technical 
efficiency. The decrease in technical efficiency is totally due to the decline in scale efficiency 
since there is an increase in pure efficiency. The Philippines' worst performance in 
productivity among the ASEAN countries is due to its poorest performance in both technical 
efficiency and technological innovation. In the case of Thailand, which had the highest 
productivity growth, it is mainly due to the improvement in technology rather than the 
improvement in technical efficiency. This is also true in the case of Malaysia and indonesia, 
indicating that ASEAN agricultural productivity growth was attributed to technology progress 
rather than improvement in technical efficiency. It is also interesting to look at the single 
factor productivity in agricultural production of all the countries in our sample. The land 
and labour productivity indices of all the four countries over the period 1988-1997 are 
reported in Table 31.5. These indices were calculated by dividing total agricultural output 
by the appropriate input. All countries showed increases in land and labour productivity 
over the period. 

Table 31.5: Average Single Factor Productivity Growth in ASEAN Agriculture (% ): 1988-1997 

Labour productivity Land productivity 

Indonesia 9.6 8.6 
Malaysia 10.3 5.6 
Philippines 7.7 9.0 

Thailand 11.3 8.2 

Comparing the single-factor productivity with the Malmquist TFP index in Table 31 .4, 
although Indonesia showed increases in land and Jabour productivity, it declined in TFP 
because of declines in technical efficiency. This suggests that increase in technical change 
associated with decline in efficiency may arise from unfamiliarity with new technology. 
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Conclusion 
This paper applied the DEA approach to measure TFP, technical change, and technical 
efficiency in the ASEAN agricultural sector from 1988 to 1997. The Malmquist productivity 
index was used to measure productivity growth. With the DEA approach, productivity growth 
can be decomposed into components: technical change and efficiency change. This 
decomposition allowed us to identify the contributions of technical progress and improvement 
in technical efficiency to productivity growth inASEAN agricultural production. The results 
obtained from the study have important implications for ASEAN agriculture. Some countries 
experienced decline in technical efficiency during the 1988-1997 period. The relatively 
poor performance in technical efficiency indicates that ASEAN has great potential to increase 
its agricultural output through improvement of technical efficiency. Furthermore, 
continuously expanding the economy and enhancing rural education may also help farmers 
to adopt new technology to improve technical efficiency and productivity. 

References 
Caves, D.L., Christensen, L., and Diewert, W.E. ( 1982). "The Theory oflndex Numbers and Measure

ment of Input Output and Productivity" Econometrica, 50, 1393-1414. 
Fare, R., Grosskopf, S., Norris, M., and Zhang, Z. (1994). "Productivity Growth, Technical Progress, 

and Efficiency Change in Industrialized Countries". American Economic Review, 84, 66-83. 
Farrell, M.J. ( 1957). "The Measurement of Productive Efficiency". Journal of the Royal Statistical 

Society, Series A (general), 120, 253-281. 
Nishimizu, M. and Page, J.M. ( 1982). "Total Factor Productivity Growth, Technological Progress and 

Technical Efficiency: Dimensions of Productivity Change in Yugoslavia, 1965-1978", Economic 
Journal, 92, 920-936. 

United Nations, United Nations Statistical Yearbook for Asia and the Pacific, various issues. 


	0037A
	0037B
	0038A
	0038B
	0039A
	0039B
	0040A
	0040B
	0041A

