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Abstract A mathematical programming technique in productivity management, known
as Data Envelopment Analysis, DEA, is used to estimate how well the nations in Asia
and the Pacific utilize their resources. Based on selected input and output indicators,
we apply an output-oriented DEA model of Charnes, Cooper and Rhodes to assess
their relative performance. For each inefficient unit (nation), DEA identifies the peer
units, sources and levels of inefficiency for each input and output. The efficient units
are ranked using the Andersen-Petersen’s DEA model. The results generated are an-
alyzed and compared.
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1 Introduction

There is an increasing interest in measuring and assessing the macroeconomic performance
of nations. A high growth rate (as indicated by the change in gross domestic product), a low
rate of inflation, a low rate of unemployment and a favorable trade balance are four main
targets or objectives of a nation’s macroeconomic policy makers. These performance indexes
are referred to in literature as the“magic diamond” of OECD (Organisation of Economic
Cooperation and Development) with its four vertices synonimizing the four indicators [9].
The sum of the inflation rate and the unemployment rate defines the undesirable Okun’s
“misery index” and provides a pessimistic measure of the macroeconomic performance of a
nation. An alternative undesirable measure is provided by the Calmfor’s index, defined as
the difference between the unemployment rate and the normalized trade balance.

Several studies on measuring, evaluating and assessing macroeconomic and development
performance of regions, cities, provinces and nations have been conducted and reported
in the literature. Charnes, Cooper and Li[3] used Data Development Analysis(DEA) to
evaluate efficiency in the economic performance of 28 selected Chinese cities following the
government’s program of economic development. Sueyoshi [11] extended the study to mea-
suring and evaluating the industrial performance which also explored the returns-to-scale of
these cities. The macroeconomic performance of ten Asian economies with special attention
to Taiwan was studied and summarized by Lovell [8] in terms of the four output indicators.
Despotis [5] extended the applicability of the DEA model with variable returns to scale to
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estimate the relative efficiency of countries in Asia and the Pacific in converting incomes to
human development. Other regional studies utilizing DEA include [7] and [10].

This paper seeks to assess the macroeconomic performance of selected economies in Asia
and the Pacific for the years 1996, 2000 and 2003 by utilizing the basic output-oriented CCR
DEA model based on one input (the government’s expenditure expressed as percentage of
gross domestic product) and four outputs on the vertices of the OECD’s magic diamond.
For each inefficient economy, a list of peer economies is identified and an improved target
values of its input and outputs that would make it efficient are computed. The economies
are further ranked using an output-oriented version of Andersen-Petersen’s DEA model [1].
Results obtained are analyzed and compared.

2 DEA Methodology

A DEA formulation is motivated by the classical engineering-science definition of productiv-
ity, extended to multiple inputs and outputs. The mathematical programming formulation
presented below was originally derived in [4] and is normally referred to as the “CCR ratio
form of DEA”.

Suppose there are S decision making units (DMUs) to be investigated, each utilising
m inputs to produce n outputs. Further, let DMUk (1 ≤ k ≤ S) use a combination of
m inputs denoted by Xk = {Xk1, Xk2, ..., Xkm} to produce n outputs, denoted by Qk =
{Qk1, Qk2, ..., Qkn. The productivity or relative efficiency, Ek for DMUk is defined as

Ek =

n∑
j=1

hjQkj

m∑
i=1

ciXki

, k = 1, 2, ..., S, (1)

where the weights ci represents the price (i.e. the value or shadow cost) of one unit of input
Xki , 1 ≤ i ≤ m, k = 1, 2, ..., S , and hj represents the price (or the value of contribution)
of one unit of output Qkj , 1 ≤ j ≤ n, k = 1, 2, ..., S .

Direct application of the above definition is not easy since it requires the determination of
the weights to be assigned to each input and output. The DEA methodology overcomes this
by employing a mathematical programming technique whereby the efficiency ratio defined
by equation (1) is further subjected to a number of constraints.

• The efficiency of each DMU must not exceed 100%. Thus Ek ≤ 1.0, for k = 1, 2, ..., S.
If Ek = 1.0, then DMUk is efficient. Otherwise, if Ek < 1.0, then DMUk is inefficient.
This is mathematically equivalent to

m∑

i=1

ciXki −
n∑

j=1

hjQkj ≥ 0, k = 1, 2, ..., S. (2)

• Further, the costs of all inputs and the prices of all outputs must be strictly positive.
To ensure this we must incorporate a system of inequalities,

ci ≥ ε > 0, i = 1, 2, ..., m, (3)
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and
hj ≥ ε > 0, j = 1, 2, ..., n, (4)

where ε is an arbitrary small positive number. If ci = 0 , DEA is unable to detect and
analyze any inefficiency related to the usage of input Xi . Similarly, if hj = 0 , DEA
is unable to detect and analyze any inefficiency related to the production of output
Qj . Thus, imposing ε > 0 as a requirement to be satisfied by each variable implies
that all inputs and outputs are to be regarded as having at least some positive worth,
although remains unspecified.

Conditions (2), (3) and (4) lead to the formulation of a fractional programming problem
as follows:

maximize Ek =

n∑
j=1

hjQkj

m∑
i=1

ciXki

subject to
m∑

i=1

ciXki −
n∑

j=1

hjQkj ≥ 0, k = 1, 2, ..., S,

ci ≥ ε > 0, i = 1, 2, ...,m,

hj ≥ ε > 0, j = 1, 2, ..., n.

To simplify the computation, we transform the fractional programming problem to a linear
programming problem by scaling the input prices so that the total cost of inputs for the
DMU under evaluation, say DMU0, equals 1.0. This calls for an additional constraint,

namely,
m∑

i=1

ciX0i = 1. The computation of relative efficiency score for DMU0 can thus be

formulated as follows:

maximize E0 =
n∑

j=1

hjQ0j (5)

subject to
m∑

i=1

ciXki −
n∑

j=1

hjQkj ≥ 0, k = 1, 2, ..., S, (6)

m∑

i=1

ciX0i = 1 (7)

ci ≥ ε > 0, i = 1, 2, ...,m, (8)
hj ≥ ε > 0, j = 1, 2, ..., n. (9)

The above linear programming form of DEA model comprises m + n decision variables and
S + m + n + 1 linear constraints. To aid in ranking the efficient DMUs, we can apply the
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Andersen-Petersen’s efficiency score obtained by relaxing the binding constraint imposed
on the efficient DMU [1]. In addition to providing values of the relative efficiency scores,
DEA also makes it possible to identify sources and estimate levels of inefficiency for each
inefficient DMU by utilizing the dual values associated with members of each peer group
[12] by constructing a composite unit, say DMUc, such that

Zci =
∑

p

|αp|Zpi (10)

where αp is the dual value of DMUp in peer group ,
Zpi is the input/output indicator-i of DMUp , and
Zci is the input/output indicator-i of DMUc .

This DMUc is superior and acts as benchmark to an inefficient DMU under evaluation.

3 Empirical Analysis

Data acquisition

Data for 1996, 2000 and 2003 were collected for selected economies of Asia and the Pacific.
The main references are [2] and [6]. Due to missing data, the number of economies varies
from twenty two in 1996 to twenty five in 2000 and 2003. The countries are Australia,
Azerbaijan, Bangladesh, Cambodia, China (Mainland), Fiji Island, Hong Kong, India, In-
donesia, Japan, Kazakhstan, Korea (South), Kyrgyz, Macao (2000 and 2003), Malaysia,
Myanmar (1996 and 2000), Nepal (2000 and 2003), New Zealand, Pakistan, Philippines,
Singapore, Sri Lanka, Taiwan, Thailand, Uzbekistan (2000 and 2003) and Vietnam (2003).
However, Myanmar, which was found to be performing reasonably well in 1996 and 2000,
was excluded in 2003 due to incomplete data availability and replaced by Vietnam. We
make an effort to include Brunei into the list but the available statistics were compiled
differently and decomposing them into the required indicators is not an easy task.

Input and outputs

One input and four output indicators were chosen to characterize and reflect the macroe-
conomic performance of the selected economies. These are defined as follows.

• Input 1 (X1) : Government expenditure expressed as percentage of gross domestic
product (GDP) which in some studies acts as control variable.

• Output 1 (Q1) : The annual rate of growth of GDP, expressed in percentage.

• Output 2 (Q2) : The rate of employment, expressed as percentage of employment to
labour force.

• Output 3 (Q3) : The ratio of merchandise exported in free on board (f.o.b) prices to
merchandise imported in charges, insurance and freight (c.i.f) prices as a proxy for
balance of trade.

• Output 4 (Q4) : The rate of inflation as proxied by the rate of change of the consumer
price index, CPI.
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The indicators of input, rate of employment and balance of trade take a strictly positive
value for all observations. The rate of growth and inflation indicators take on negative
values for some observations, and DEA is not capable of handling negative values. Thus,
for consistency all indicators were normalized on a scale of [1, 10] such that the following
hold.

• For indicators whose large positive values are preferable (for example Q1), we adopted
the transformation

Xnor =
9(Xact −Xmin)
Xmax −Xmin

+ 1 (11)

where Xnor is the value of the normalized indicator,

Xact is the actual value of the indicator,

Xmax is the maximum value of the indicator,

Xmin is the minimum value of the indicator.

This transformation ensures that Xnor ∈ [1, 10] .

• For indicators whose small values (positive or negative) are preferable (for example
Q4), we adopted the transformation

Xnor =
9(Xmax −Xact)
Xmax −Xmin

+ 1 (12)

where Xnor is the value of the normalized indicator,

Xact is the actual value of the indicator,

Xmax is the maximum value of the indicator,

Xmin is the minimum value of the indicator,

This transformation ensures that Xnor ∈ [1, 10] .

Results and discussion

The data on input and output indicators for the selected economies for each period 1996,
2000 and 2003 are presented in Tables 1, 2 and 3 respectively, (columns 3 - 7). For each
DMU, an appropriate output-oriented CCR DEA model was formulated and solved using
LINDO. Column 8 summarizes the efficiency scores, column 9 identifies the peer group
for inefficient DMUs and the alternative Andersen-Petersen’s scores for the efficient DMUs
while column 10 provides the ranking of all DMUs.

In 1996, only ten DMUs, namely Azerbaijan, Bangladesh, Cambodia, China, Indonesia,
Japan, Malaysia, Singapore, Taiwan and Thailand showed best performance. Indonesia is
top-ranked with the highest Andersen-Petersen’s score of 1.98259. This means that in 1996,
Indonesia had an outstanding performance compared to others. However, it only appeared
twice in the peer group, whereas Malaysia and Japan (ranked 2nd and 3rd, respectively)
appeared six and five times in the peer group. Thailand (which is ranked 6th), on the
other hand, appeared in ten peer groups. Thus there seems to be no correlation between
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the ranking based on Andersen-Petersen’s score and the number of times an efficient DMU
which appeared in the peer group. The three laggards were Philippines, India and Sri Lanka
(with efficiency scores of 0.8921, 0.8458 and 0.8281, respectively).

Table 2 summarizes the results for the year 2000 (post East Asia economic crisis). Ten
of the twenty-five selected economies, namely Azerbaijan, Bangladesh, Cambodia, Hong
Kong, Indonesia, Japan, Kazakhstan, Nepal, Singapore and Uzbekistan showed the best
performance. With an Andersen-Petersen’s score of 2.45705, Bangladesh took the lead
although it only appeared in three peer groups as compared to Azerbaijan (ranked 7th),
Kazakhstan (ranked 4th) and Uzbekistan (ranked 8th) which appeared thirteen, ten and
eight times, respectively. The position achieved by Bangladesh can be strongly attributed
to its lowest input utilization (of only 4.60). China, Malaysia, Taiwan and Thailand failed to
maintain their respective 100% DEA efficiency scores achieved in 1996. The three laggards
in 2000 were Fiji Islands, Philippines and India (lowest score of 0.6252), with Sri Lanka not
far in front.
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The results for the year 2003 are summarized in Table 3. Only seven of the twenty-five
selected economies achieved 100% DEA efficient. Macao was ranked top of the sample with
an Andersen-Petersen’s score of 1.66691 and appeared in fifteen peer groups. Thailand,
which, ranked 5th, appeared in seventeen peer groups. Indonesia, Japan, Kazakhstan,
Singapore and Uzbekistan lost their efficiency status and were replaced by Macao and
Thailand. The three laggards were Uzbekistan (which was efficient in 2000), Philippines
and India with a lowest score of 0.5947.

Results in Tables 1 - 3 also reveal some interesting observations. Not all developed na-
tions can be categorized as efficient. Two developed economies, Australia and New Zealand,
remained relatively inefficient throughout the study period although they achieved high rel-
ative efficiency scores of greater than 0.9000. Some economies experienced drops in their
efficiency scores between 1996 and 2003. China and Malaysia are examples. Their scores
dropped from 1.00 each in 1996 to 0.9797 and 0.9950 in 2000 and 0.9786 and 0.9934 in 2003,
respectively. Thus in 2000 and 2003, these countries were actually falling behind some other
key economies on a relative basis in utilizing their resources. Another result of potential
interest is that some countries showed improvements in their efficiency scores over the years.
Hong Kong improved its score from 0.9899 in 1996 to 1.00 in 2000 and 2003, while Macao
exhibited a tremendous increment from 0.9502 in 2000 to 1.0000 in 2003, thereby improving
its ranking from 18th to 1st.

It is worthwhile to explore discrepancies between DEA results and supposedly cus-
tomary observations (or expectations) of the performance of some economies. Azerbaijan,
Bangladesh and Cambodia are three nations that were surprisingly being designated by
DEA as efficient performers for all the three years. In 1996, Azerbaijan recorded the high-
est rate of employment (99.2%) despite a low economic growth and high rate of inflation,
while Bangladesh recorded the lowest input utilization (of 4.40), reasonable economic growth
and inflation rate. Cambodia, on the other hand, indicated an input utilization of 5.90 and
economic growth of 4.60, comparable to Bangladesh and a high employment rate of 99.1%,
comparable to Azerbaijan. A similar analysis follows for the years 2000 and 2003. DEA
methodology allows the flexibility of each DMU to choose its own weights to maximize its
efficiency score. Thus the optimal choice is to assign the minimum feasible weights (almost
zero) to unfavorable indicators and the maximum feasible weights to favorable indicators.
This explains the efficient scores obtained by these DMUs despite the presence of some
unfavorable indicators. On the other extreme, we have India, Philippines and Sri Lanka
which remained inefficient. India appeared as a relatively poor macroeconomic performer
in all DEA results. It scored 0.8458 in 1996, 0.6252 in 2000 and 0.5947 in 2003. In 1996,
India recorded the lowest employment rate (of only 42.7%) and relatively high inflation
rate and input utilization despite favorable economic growth. Philippines and Sri Lanka
showed similar pattern. Thus a single very unfavorable indicator and/or combination of
unfavorable indicators can result in a DMU being deemed inefficient.

It is also possible to identify sources and estimate the levels of inefficiency for each
inefficient unit by utilizing the dual values associated with members of the peer group [12].
This provides information regarding by how much inefficient DMUs should reduce their
inputs or increase their outputs to become efficient. The values of input and outputs that
make each inefficient DMU efficient are given in Table 4 for the year 2003.

Although the set of targets is output oriented, all DMUs (except DMU25: Vietnam)
should reduce input X1, the government expenditure (as percentage of GDP), in order to
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become efficient. This is not a difficult task since the government’s expenditure is subjected
to frequent review and is within the decision maker’s control. On the output side, we
observe that the rate of employment, Q2 is satisfactorily acceptable for all inefficient DMUs
(except DMU8: India). This implies that omitting Q2 from the set of outputs will have no
significant effect on the results (except for DMU8). Ten and fifteen DMUs should increase
outputs Q1 and Q3, respectively and eleven DMUs should reduce output Q4 in order to be
on the efficient frontier.

Except for DMU8 and DMU25, all other inefficient DMUs have two of the indicators
as satisfactorily acceptable (where the target values equal the actual values). For DMU8
(India), only output Q1 is satisfactorily acceptable, while for DMU25 (Vietnam) three of
the indicators are satisfactorily acceptable. A closer quantitative observation reveals the
following.

• Seven DMUs (namely Australia, China, Japan, Malaysia, New Zealand, Singapore and
Taiwan) should reduce input X1 and increase outputs Q1 and Q3 while maintaining
outputs Q2 and Q4. This is not unrealistic since Q3 (balance of trade) is one of the
components of GDP and increasing Q3 results in increasing Q1 (the rate of growth
of GDP) and reducing X1. Thus, the task of decision maker in this case reduces to
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finding ways of improving the balance of trade.

• Six DMUs (namely Fiji Islands, Kazakhstan, Kyrgyz, Pakistan, Philippines and Sri
Lanka) should reduce input X1, increase output Q3 and reduce output Q4 while
maintaining outputs Q1 and Q2. This is not an easy task since reducing the rate of
inflation, Q4, calls for many drastic measures.

• Three DMUs (namely, Indonesia, Korea and Uzbekistan) should reduce input X1,
increase output Q1 and reduce output Q4 while leaving outputs Q2 and Q3 unchanged.
This again is not an easy task since it involves reducing the rate of inflation (for
example, from 10.04% to 1.24% for Indonesia).

• One DMU (Vietnam) needs to improve its trade balance and reduce its rate of inflation
from 3.09% to 1.34% in order to become efficient.

• One DMU (India) faces the task of improving all indicators, except Q1 if it is to
be on the efficient frontier. This calls for reduction in X1 (from 12.5% to 7.66%),
increment in Q2 (from 40.00% to 69.50%), increment in Q3 (from 0.9750 to 1.1579)
and reduction in Q4 (from 4.34% to 3.71%). The main task here lies in creating and
providing more jobs to increase the rate of employment in the hope of lowering the
rate of inflation and improving the balance of trade.

From the above discussion, we see that DEA not only provides alternative means of
assessing the relative efficiency and performance of DMUs but also identifies targets that
will guide the decision makers in driving their DMUs towards the efficient frontier.

4 Conclusions

In this study we utilized the DEA mathematical programming evaluation methodology,
and illustrate its applicability in measuring, assessing and analyzing macroeconomic per-
formance of selected major economies of Asia Pacific. The technique exhibits a number
of commendable features. It can handle production scenario involving multiple inputs and
multiple outputs that are measured in their own units and are difficult to aggregate. No
functional or relational specification which transformed inputs to outputs, such as produc-
tion function, is required. Thus no statistical estimation, such as regression as the case in
most production studies, is desired. Input and output indicators can be added, omitted or
redefined to better reflect the real scenario.

In evaluating and analyzing the results, no attempt is made to comprehensively explain
how these outcomes were achieved. A revised DEA model with additional control and
explanatory variables that capture essential features of the country’s economic, fiscal, mon-
etary, social and environmental aspects might produce valuable information in identifying
the variations and shortcomings inherent in the macroeconomic performance. An integrated
model which incorporates alternative managerial methodologies, such as analytic hierarchy
process and multiple objectives goal programming, provides the path and scope for future
research.
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