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Abstract 

In this paper I construct a scalar-valued summary measure of the macroeconomic performance of an economy. The 
measure combines any number of conventional but noncommensurate performance indicators. The basic idea behind the 
procedure is to use mathematical programming techniques of efficiency measurement to construct a “best practice” 
macroeconomic performance frontier, and then to measure performance in terms of an indicator-based efficiency score. 
The procedure is applied to a set of ten Asian economies over the past two decades, with special attention paid to Taiwan. 

1. Introduction 

The first objective of this paper is to describe the 
construction of a summary measure of macroeco- 
nomic performance that combines a number of 
popular but noncommensurate performance indi- 
cators. The second objective is to illustrate the pro- 
cedure with an application to a number of Asian 
economies, with particular emphasis on Taiwan. 

Others have proposed such summary macroeco- 
nomic performance indexes, although the imperfec- 
tions in their indexes have encouraged me to join 
the game. Perhaps the most popular index is 
Okun’s “misery index”, the sum of a nation’s unem- 
ployment rate and its inflation rate. A similar index 
is the Calmfors index, the difference between a na- 
tion’s unempfbyment rate and its trade balance 

* Tel.: (706) 542-3689. Fax: (706) 542-3376. E-mail: knox@rigel. 
econ.uga.edu. 

normalized by its gross national product. A third 
index is the OECD’s “magic diamond”, constructed 
from values of a nation’s growth, trade balance, 
inflation and unemployment positioned on the axes 
of a four-quadrant diagram. 

Each of these indexes is informative but flawed. 
The OECD approach uses all four of the main 
indicators, but they are measured in different units, 
and diamonds can intersect. The Calmfors and 
Okun indexes use only two of the four main indi- 
cators, and although they are measured in the same 
units and thus can be aggregated, each index at- 
taches equal weights to the two indicators. What is 
desired is a scalar-valued index that aggregates all 
four indicators without attaching a priori weights 
to the indicators. The procedure proposed in this 
paper comes close.’ 

’ Melyn and Moesen Cl] use a similar procedure to evaluate 

macroeconomic performance in a sample of OECD countries. 
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The basic idea behind the procedure is to adapt 
the techniques of the efficiency measurement litera- 
ture to the problem at hand. I construct a “best 
practice” macroeconomic performance frontier, us- 
ing national economies as units of observation and 
the four performance indicators as the outputs pro- 
duced by these observations. I evaluate perfor- 
mance in terms of dominance relationships, and 
a productive efficiency score, which has a radial 
component and a nonradial slack component. It is 
the presence of slack that explains why the proced- 
ure only comes close to achieving its objective. 

The procedure is described in Section 2. It is then 
applied to data described in Section 3. These data 
describe the macroeconomic performance of ten 
Asian economies during much of the past two dec- 
ades. The economies are those of the Four Dragons 
(Hong Kong, Singapore, South Korea and 
Taiwan), perhaps the next dragon (Thailand), Ja- 
pan, Australia, and three less advanced economies 
(Indonesia, Malaysia and the Philippines). The 
close linkages that exist among these economies 
make an evaluation of their relative performance of 
more than mere academic interest. The time period 
contains enough ups and downs to show how vari- 
ous economies perform in both good times and 
bad. Empirical findings are discussed in Section 4. 
Section 5 concludes. 

2. Methodology 

For most of this section the methodology is pres- 
ented in the general context of production ana- 
lysis.2 Only at the end is the general framework 
adapted to the problem at hand. 

A collection of producers, indexed i = 1, . . . , I, 
uses inputs xi = (xl, . . . , xl) E R”, to produce out- 
puts y’ = (yi, . . . , yk) E R”, . Their objective is as- 
sumed to be to produce maximum outputs with 
given inputs; without price information no further 
objectives are entertained. The problem is to con- 

’ The general methodology is nonparametric and nonstochastic, 
and goes by the name FDH, for free disposal hull (of the data) 
analysis. It was first proposed as a procedure for measuring 
efficiency by Deprins et al. [Z]. A recent exposition is provided 

by Tulkens [7]. 

struct a production possibilities set T = {(y, x): 

x can produce y} from the observed data {(y’, xi), 
i=l 1 ... 1 I}. For this, assumptions are required. 
The only assumption made here is that of free 
disposal. A production possibilities set satisfies 
free disposal if (x, y) E T-(x’, y’) E T for all 
x’ 3 x, y’ d y. Notice that convexity of T is not 
assumed. Notice also that no assumption about 
scale economies is imposed. The absence of restrict- 
ive assumptions concerning convexity and scale 
enables the production possibilities set to surround 
the data as closely as possible, consistent only with 
the strong disposability property. 

The objective of producers being assumed to be 
output maximization from given inputs, producer 
performance is evaluated on the basis of the ability 
to meet that objective. Performance evaluation has 
two components: dominance and efficiency. A pro- 
ducer is dominated by all producers using no more 
of each input to produce no less of each output. 
That same producer dominates all producers using 
no less of each input to produce no more of each 
output. The important feature of dominance is its 
frequency. It is more impressive to dominate many 
producers than to dominate few. Although it is 
similarly less impressive to be dominated by many 
producers than by few, dominating producers may 
serve as role models, and having more role models 
to emulate may be more useful than having few. 
A second feature of dominance is comparability, 
although comparability is difficult to characterize 
analytically. The basic idea is that there may be 
much to be learned from comparable dominating 
producers, and little to be learned from other domi- 
nating producers whose environment makes them 
noncomparable. 

The efficiency of a producer is evaluated by com- 
paring its input-output vector with that of the most 
dominant of the producers that dominate it. Recall- 
ing that the objective of producers is to maximize 
outputs with given inputs, efficiency is measured in 
part as the ratio of observed outputs to the max- 
imum feasible equiproportionate expansion of out- 
puts. However, nonradial inefficiency in the form of 
slack remains after radial inefficiency is measured. 
The radial component of efficiency is independent 
of units of measurement, and one measure applies 
to all outputs. The nonradial slack component of 
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efficiency is denominated in the units in which inputs 
and outputs are measured, and so the slack compon- 
ent cannot generally be aggregated, and must gener- 
ally be reported separately for each input and output. 

In practice, the dominance enumeration problem 
and the efficiency measurement problem are solved 
simultaneously. The efficiency measurement prob- 
lem may be expressed as 

max 0’ 
80, ~0 

s.t. i: &j 2 fPy~, j = 1, . . . ) in, 

i=l 

i=l 

i=l 

np E {O, l}, i = 1, . . . ) I, 

where the superscript “0” denotes the producer 
being evaluated, there being I producers in a11.3 The 
optimum 0” 2 1 shows the amount by which all 
m outputs of the producer being evaluated can be 
feasibly equiproportionately increased. The recip- 
rocal value (0”))’ < 1 measures the radial com- 
ponent of the efficiency of the producer being evalu- 
ated. The optimal 1” = (0, . . . , 0, 1, 0, . . . ,O) 
identifies with its nonzero element the most domi- 
nant producer for the producer being evaluated. 
The nonradial slack component of efficiency is pro- 
vided by the constraints (yr - 6”~:) 2 0, 
j= 1, . ..) m,and(xy-xT)>O,j=l, . . . . n,where 
the kth element of 1” is nonzero. 

The above problem is a mixed integer program- 
ming problem to be solved I times, once for each 
producer. The computational burden can be re- 
duced substantially by solving a set of Z vector 
comparison problems as follows. For producer (x0, 
y’), define the set D(xO, y”) of all dominating pro- 
ducers for which y’ 2 y” and xi Q x0, i = 1, . . . , 1. 

3 Some readers may recognize this problem as a variable returns 
to scale data envelopment analysis (DEA) model, originally 

proposed by Banker et al. [3], augmented with the constraint 

&’ E (0, 1). It is this constraint which transforms a convex DEA 
production possibilities set into a nonconvex FDH production 
possibilities set. 

Then the output constraints in the mixed integer 
programming problem can be rewritten as 

l9Od i: np(y;/yg), j= 1, . . . . m, 
i=l 

= maximize 
1 

minimize { yj/yg} 
I 

. 

isD(x”,yo) j=l,....m 

The minimization operator identifies the radial effi- 
ciency possible relative to each dominating pro- 
ducer. The maximization operator identifies the 
most dominant producer. To summarize, the vector 
comparison procedure identifies D(x’, y’), the set 
of all dominating producers for producer (x0, y’). 
The maximum procedure identifies the most domi- 
nant producer and the radial efficiency score, after 
which slacks in at most (m + n - 1) variables are 
determined residually. 

The problem at hand is a slight modification of 
the problem just described. In this problem each 
country produces four outputs, the four indexes of 
macroeconomic performance: growth, trade bal- 
ance, price stability and employment. In the pro- 
duction of these outputs each country uses only one 
input: its macroeconomic decision-making appar- 
atus, which I collectively refer to as its helmsman 
[4,5]. Thus m = 4, n = 1. Moreover, each country 
uses only one helmsman, and so xi = 1, i = 1, . . , , I. 
The mixed integer programming problem becomes4 

max 8’ 
eo,,V 

s.t. i: n:yj 2 eoyy, j = 1, . . . ) 4, 
i=l 

2: 20, in; = 1, 
i=l 

A? E (0, l}, i = 1, . . . , I, 

which is solved Z times, once for each country. 
Output of the exercise includes dominance in- 
formation, a radial efficiency score, and slack in- 
formation for four outputs, for each country. 

4 The old input constraints cf=, J$xj < I$‘, j = 1, , n be- 

come I;=, 2.7~’ $ x0 since n = 1, and xi= 1 ,I? < 1 since xi = 1 
for all producers, which is redundant since cf=, A” = 1. 
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3. The data 

Data have been collected for ten Asian countries 
over the 19-year period 1970-1988, although mis- 
sing data have reduced the sample size to 130. The 
countries include Japan, the Four Dragons (Hong 
Kong, Singapore, South Korea and Taiwan), 
perhaps the next dragon (Thailand), Australia, 
and three less advanced countries (Indonesia, 
Malaysia and the Philippines). The latter three 
countries are at a somewhat earlier stage of eco- 
nomic development than the first seven countries. 
However, the close trade relationships that link all 
ten economies, and their roughly similar economic 
and political institutions, make most of them com- 
parable potential role models for each other. There 
is little doubt that the laggards, whoever they 
may be, can learn from the economic policies 
adopted by the more successful economies in this 
sample. 

The four variables selected to reflect the macro- 
economic performance of the economies are de- 
fined as follows.5 

Growth: The rate of growth of gross domes- 
tic product per capita, using constant prices 
measured in local currencies and the mid-year 
population. 

Employment: The ratio of civilian employ- 
ment to the civilian labor force above a certain 
age. 

Trade balance: The ratio of merchandise exports 
in fob prices to merchandise imports in cif prices, 
both measured in local currencies. 

Price stability: One minus the rate of growth of 
the consumer price index. 

The indicators of employment, trade balance and 
price stability each take on strictly positive values 
for all 130 observations. The growth indicator takes 
on negative values for some observations, and nei- 
ther FDH nor DEA is capable of dealing with 
negative values. Consequently all four output indi- 

5 There are exceptions to the uniform definitions in the text, 

primarily in the calculation of unemployment. Most countries 
use the civilian labor force aged 15 and above, but, for example, 

South Korea used age 14 and above prior to 1980, and In- 

donesia includes its armed forces in its figures. Complete details 

are available on request. 

caters have been transformed to a [0, 1001 scale 
prior to analysis.6*7 

4. The results 

The performance of 130 economies has been 
evaluated, covering ten countries during part or all 
of the period 1970-1988. General results are dis- 
cussed first, and a focus on Taiwan follows. 

In terms of dominance, Taiwan stands out, fol- 
lowed by Japan and, recently, Singapore and South 
Korea. The upper figures in each cell of Table 1 are 
counts of the number of times a particular country- 
year dominates other country-years, and the lower 
figures in each cell are counts of the number of 
times a particular country-year is dominated by 
other country-years. Thus, for example, Japan’s 

6 Recall that the only maintained assumption in FDH in free 

disposability of all outputs. It has been conjectured that not all 

outputs might be freely disposable, despite their desirability. For 

example, although faster growth may be inflationary, it may also 

raise employment. It is not possible to test this conjecture using 

FDH, although it would be possible using DEA. 

’ Data for Taiwan are taken from Statistical Yearbook of Repub- 
lic of China 1990, Council for Economic Planning and Develop- 

ment, Republic of China. All other data are taken from various 

issues of Statistical Yearbook for Asia and the Pacific, Economic 
and Social Commission for Asia and the Pacific, Bangkok, 

Thailand. Variable transformations are given by 

Transformed output = G( + B(Raw output), 

where CI = lOO(min/(max - min), /I = lOO/(max - min), and 

minimum and maximum raw scores for the four outputs are 

min max 

Growth 
Employment 

Trade balance 

Price stability 

- 0.083 0.128 

0.897 0.991 

0.601 2.211 

0.496 1.020 

The dominance analyses presented in Tables 1 and 7 are invari- 

ant with respect to the data transformations. Neither the radial 
efficiency analysis in Table 2 nor the slack analyses in Tables 336 
are numerically invariant with respect to the data transforma- 

tions. Although output translation in an output-oriented model 
generates the same classification of observations as efficient or 

inefficient, the ranking of inefficient observations is not invariant 

to the translation. For an extensive analysis of translation in- 

variance in FDH, see [6]. 
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1970 performance dominated 38 other country- 
year performances, and was dominated by none. 
The country means are mostly unsurprising, al- 
though the persistently poor performance of Aus- 
tralia is a minor surprise. The annual means are 
also as expected, with the recessionary periods of 
1974-1975 and 198&1982 exhibiting virtually no 
dominance. 

Radial efficiency scores are useful because they 
provide a summary performance measure aggreg- 
ated across all four indicators. Since they ignore 
nonradial slack, which may be large and which may 
be distributed nonrandomly across country-years 
and variables, radial efficiency scores must be inter- 
preted with some caution, however. These scores 
are reported in Table 2. Again Taiwan performs 
best, followed closely by Japan and Singapore. The 
relatively high scores of Indonesia, Malaysia and 
Thailand are based on short time spans that avoid 
the 1974-1975 downturn and most of the 
198&1982 downturn. Again the Philippines is the 
worst performer, lagging behind Australia, South 
Korea and Hong Kong. An annual analysis of the 
radial efficiency scores provides an initial indica- 
tion of the extent to which the 1974-1975 and the 
198&1982 periods lagged behind the rest of the 
197&1988 period. Performance in these two per- 
iods was roughly 6% beneath the 1970-1988 aver- 
age, and roughly 8% beneath the average achieved 
during the good years. 

Radial efficiency scores can be misleadingly in- 
complete if slack is large or if it exhibits an interest- 
ing pattern. Tables 3-6 report radial and nonradial 
inefficiencies by country and by year, for each per- 
formance indicator. In these tables inefficiencies are 
expressed not as a fraction of the efficient radial 
projection, as in Table 2, but as a fraction of the 
actual output of the most dominant observation. 
Thus in Table 3, for example, in 1970 Taiwan had 
a 1% radial shortfall, and a 10.9% nonradial short- 
fall, in its growth indicator relative to the growth 
achieved by the most dominant of the country- 
years that dqminated it. To summarize Tables 3-6 
briefly, the nonradial slack component of ineffic- 
iency is large, and it does exhibit an interesting 
pattern. 

For three of the four output indicators, the non- 
radial component of inefficiency is larger than the 

radial component. Of the nearly 25% average inef- 
ficiency in the growth indicator, almost 18% is 
nonradial. The disparity is even greater for the 
trade balance indicator. This suggests that a perfor- 
mance evaluation based on radial efficiency scores 
reported in Table 2 may indeed be misleading. 
Overall shortfalls on the order of 25%, 19%, 39% 
and 12% are much larger than the 9% radial inef- 
ficiency reported in Table 2. Moreover, the overall 
shortfalls are not symmetric with respect to the four 
output indicators, being most serious for the trade 
balance indicator and least serious for the price 
stability indicator. 

It is difficult to rank countries by total (radial 
plus nonradial) efficiency because nonradial ef- 
ficiencies cannot be aggregated across variables. 
Nonetheless a general impression emerges that the 
radial rankings are not much distorted by the inclu- 
sion of slack. Taiwan has the smallest total ineffic- 
iency in three of the four indicators, and Japan has 
the least total inefficiency in the price stability indi- 
cator. Singapore also performs well (except for the 
trade indicator) and Australia (except for the price 
stability indicator) and the Philippines perform 
poorly. 

The temporal pattern of total efficiency is quite 
different from the temporal pattern of radial effici- 
ency, the difference being attributable to variation 
across indicators in the nonradial component. Al- 
though there is inter-country variation, as a general 
rule the brunt of the two recessions was borne 
almost exclusively by the growth and trade balance 
indicators. The nonradial slack component of these 
two indicators increased dramatically during the 
two recessions, while the nonradial slack compon- 
ent of the employment and price stability indicators 
actually declined during the two recessions. 

I have alluded more than once to the relatively 
strong showing of Taiwan. More detail can be 
obtained by reading down the “Taiwan” column in 
Tables l-6. The overall impression one gets is that 
Taiwan weathered the two recessionary periods 
somewhat worse than most countries, but that the 
impact of the recessions was very unevenly distrib- 
uted across indicators. The impact on the employ- 
ment indicator was absolutely small, and much 
smaller than average. The impact on the trade 
balance indicator was absolutely large and larger 
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than average in 1974-1975, and absolutely small 
and smaller than average in 198&1982. The impact 
on the growth and price stability indicators was 
absolutely large and much larger than average in 
both recessionary periods. This evidence is unavail- 
able in Table 2 because, at least in the case of 
Taiwan, most of the intertemporal performance 
variation has been nonneutral with respect to the 
four performance indicators. 

Additional detail concerning Taiwan is provided 
in Tables 7 and 8. Table 7 contains dominance 
information showing that Taiwan dominated many 
economies and was rarely dominated itself. When 
Taiwan was dominated, it was dominated by itself 
in another year (six times) or by Japan (four times). 
Table 8 shows the improvement in Taiwan’s perfor- 
mance that would have occurred had Taiwan per- 
formed up to the standards of the economies that 
dominated it. In 9 of 19 years no improvement was 
feasible since Taiwan was undominated in these 
years. In most of the dominated years the potential 
improvement was small. In 1970, for example, had 
Taiwan performed up to its potential its rate of 

Table 8 

Potential improvement in Taiwan’s macroeconomic performance 

Table 7 
Dominance information for Taiwan 

Dominating 

country/year 

Number of 

dominating 

country/years 

Number of 

dominated 

country/years 

1970 Taiwan 1972 2 35 

1971 0 65 

1972 0 66 
1973 0 42 

1974 Japan 1970 9 0 

1975 Taiwan 1988 11 12 

1976 0 59 
1977 Taiwan 1972 3 35 
1978 0 47 

1979 Taiwan 1973 1 24 
1980 Japan 1970 4 7 

1981 Japan 1971 3 8 

1982 Taiwan 1988 2 15 
1983 Taiwan 1984 3 47 

1984 0 71 

1985 Japan 1987 1 34 
1986 0 72 

1987 0 85 

1988 0 58 

Growth 

(YF - Y:) 

Employment 

(YFM - v:, 

Trade balance 

(Y!F/Y3) 

Price stability 

f YF - Y:, 

1970 

1971 

1972 
1973 

1974 

1975 
1976 

1977 

1978 

1979 
1980 
1981 
1982 

1983 
1984 

1985 
1986 

1987 
1988 

0.023 0.002 1.223 0.005 

0.093 0.004 1.270 0.403 

0.03 1 0.007 1.367 0.040 

0.029 0.003 1.081 0.040 

0.047 0.000 + 1.083 0.017 
0.034 0.001 1.022 0.119 
0.016 0.00 1 1.140 0.103 
0.043 0.004 1.035 0.017 

0.02 1 0.003 1.120 0.014 

0.001 0.001 1.005 0.000 + 
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growth of GDP per capita would have been 2.3 
percentage points higher than it actually was, its 
unemployment rate would have been 0.2 percent- 
age points lower than it actually was, and so on. 
With the exception of the miserable 1974-1975 
years, the performance gaps reported in Table 8 are 
generally small. These results suggest that even 
when Taiwan was dominated by another economy, 
not much was sacrificed. 

5. Conclusions 

The purpose of this study has been to introduce 
a performance evaluation methodology, and to il- 
lustrate its working with an application to the ana- 
lysis of the macroeconomic performance of a collec- 
tion of Asian economies. The technique is com- 
monly used in the evaluation of performance at the 
micro level of aggregation, but its use at the macro 
level is new.8 The technique has a number of com- 
mendable features. Foremost among them is the 
fact that it easily accommodates multiple inputs 
and multiple outputs that are measured in their 
own units and are difficult to aggregate. Additional 
features include the fact that it imposes minimal 
structure on the underlying technology by which 
inputs are transformed into outputs, and the fact 
that it imposes no unwarranted behavioral objec- 
tive on the production units. 

In the application of the technique I have attem- 
pted to evaluate the performance of those who have 
directed the macroeconomies of a group of Asian 
nations during much of the past two decades. In 
this application there are no inputs as such, and 
I have specified four outputs, the four conventional 
macroeconomic performance indicators: growth, 
employment, trade balance, and price stability. 
Since the ten countries are observed for varying 
lengths of time, it is difficult to come up with 
a convincing overall performance ranking. None- 
theless it is pretty clear who the star performers are 
- Taiwan and Japan - , and who the laggards are 
- the Philippines and Australia. It is also apparent 

* For an illustration of the application of this performance 

evaluation methodology at the micro level, see [7]. 

that the group of economies as a whole has been 
more successful at controlling employment and 
price stability than at promoting growth and 
trade. Finally, the magnitudes of the gaps bet- 
ween observed and best practice performance are 
large, with unweighted mean deviations varying 
from 12% for price stability of 39% for the trade 
balance. 

Two final remarks are in order, and they may 
suggest fruitful avenues for future research. The 
first remark concerns the structure of the model, 
which contains no inputs and four outputs. It is of 
course possible to add or delete or redefine outputs 
if it is felt that the four outputs included do not 
adequately reflect the real targets of macroeco- 
nomic policy. It is also possible to add additional 
control variables that are not outputs but which 
capture essential features of the environment in 
which macroeconomic policy is conducted. The 
second remark concerns macroeconomic policy 
itself. The purpose of the analysis presented here is 
to evaluate outcomes. No attempt has been made 
to explain how these outcomes were achieved. An 
examination of the fiscal, monetary and other pol- 
icies adopted by nations might shed valuable light 
on the causes of the variation in national macro- 
economic performance. 
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