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Abstract

It is common practice to summarise the macroeconomic performance of countries in terms
of the four well-known dimensions captured by the magic diamond of the OECD. This paper
provides a comparison of several synthetic indicators which merge the four separate indicators
into one single statistic. These indicators are inspired by data envelopment analysis (DEA)-based
models, which allow an unequal weighting of the different economic objectives. The calculated
weights then act as proxies for the true policy priorities. Comparison of the models focuses on
the underlying assumptions as well as on the empirical results they generate.
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1. Introduction

Traditionally macroeconomic performance is measured as the extent to which policy makers reach
their macroeconomic objectives. Policy objectives are then usually summarised in terms of the GDP
growth rate, the inflation rate, the unemployment rate and the surplus or deficit on the current
account of the balance of payments. The same four dimensions are captured by the magic diamond
of the OECD [see e.g. Economic Outlook 41 (1987)].1

One might claim that also other dimensions should be incorporated in economic performance
analysis. Asher, Defina and Thanawala (1993) argue that a full evaluation of economic performance
must include measures of distributive justice. Lovell, Pastor and Turner (1995), on the other hand,
suggest also to look at environmental indicators. By considering only four dimensions one assumes
that the macroeconomic policy objectives of each country are solely defined in terms of these dimen-
sions, which is indeed rather restrictive. This study does not aim to set out a more adequate set of
policy objectives. Instead, the four traditional indicators are taken as a starting point for economic
performance evaluation.

Though single indicators separately provide useful information, it remains difficult to rank coun-
tries in terms of economic performance. More often than not one country does not dominate another
country in all four dimensions. As such, there is a need for synthetic measures, which merge several
indicators into one single statistic. In the literature there have been some attempts to construct
such a measure. A first one is the discomfort or misery-index [Mc Cracken et al. (1977)], originally
developed by Okun and therefore also known as the Okun indexr. This measure is obtained as the
sum of the unemployment rate and the inflation rate. Obviously, it anticipates the trade-off between
inflation and unemployment. The interpretation is immediate: better performance is associated
with lower values and vice versa. The Calmfors-Driffill indez, developed by Calmfors and Driffill
(1988), which adds the unemployment rate to the deficit on the current account, constitutes a second
proposal. A lower value is again associated with better macroeconomic performance. In fact one
penalises countries pursuing a low level of unemployment through an expansionary policy leading to
a current account deficit.

Both the Okun and the Calmfors-Driffill index are obtained by adding two single indicators. The
fact that only two and not four dimensions are considered is a first, minor inconvenience. More
important is that the simple addition implies equal weighting of the economic objectives, which
reflects the implicit assumption that policy makers find all policy goals equally important, or, in other
words, that no priorities are attributed. This seems an unrealistic hypothesis. We would therefore like
indicators which are obtained by unequally weighting the different macroeconomic objectives, with
the weight of each objective being determined by the priority that is given to it. Data envelopment
analysis (DEA) appears particularly well suited to obtain such synthetic indicators. The objective
of this study consists in comparing different DEA-based measures theoretically (section 2) as well as
empirically (section 3), comparing the results obtained for a sample of 20 OECD countries over the
period 1992-1996. The main findings are reproduced in a final section.

2. DEA-based synthetic performance indicators

How could policy weights be determined when only assuming that they should sum up to one?
One way is to look at what governments declare as being their policy objectives [Melyn en Moesen
(1991)]. By examining the official government memoranda, which describe the stated policy objec-
tives, weights could be derived on the basis of the place and the space occupied by each objective,
hereby assuming that more important goals are to be found in the beginning and will be more
developed.

This procedure is time consuming and requires a lot of information. Moreover, there is the more



fundamental problem that publicly stated objectives do not always coincide with the true convictions
of the policy makers. Stated preferences may deviate from revealed preferences. Therefore another
line of approach is followed, where use is made of DEA models. DEA, first introduced by Charnes,
Cooper and Rhodes (1978 and 1979), is a linear programming technique which is characterised
by benefit of the doubt weighting. That is, if a country performs (relatively) well in a particular
macroeconomic dimension, then a high relative weight is accorded to that dimension. Remember
that synthetic indicators in fact aim at measuring the macroeconomic policy performance. As such,
benefit of the doubt weighting reflects the assumption that good performance reflects high policy
priority. This does not seem an unreasonable hypothesis, given the problems associated with the
alternative.

Note, however, that DEA models ignore the possibility of asymmetric shocks [see Easterly, Kre-
mer, Pritchett and Summers (1993)]. One should thus remain cautious in interpreting the computed
weights and adequate information about exogenous shocks is desirable. On the other hand, DEA
models could also constitute useful instruments in analysing the effects of asymmetric shocks. By
studying a period before and after a particular shock or event, one could identify the effects it gen-
erated. An example is provided by Moesen and Cherchye (1997), who compared the performance of
twenty OECD countries, half of which belonged to the European Union, in the quinquennial peri-
ods before and after the Maastricht Treaty so as to analyse the impact of pursuing the Maastricht
convergence criteria on overall economic performance and policy priorities.

DEA was originally developed for operational research, in particular efficiency measurement.
Performance evaluation as it is applied here deviates from efficiency evaluation in that only outputs
are regarded and inputs are no longer relevant. One only considers the results and the way in which
these are achieved is unimportant. In fact one measures efficiency with inputs put equal for all
observations (in casu countries). This boils down to all reference to inputs being omitted in the
original models.

The kind of models adressed in this paper must thus be distinguished from those used to analyse
the macroeconomic efficiency (or productivity) of countries as in the study by Fére, Grosskopf,
Norris and Zhang (1994), where DEA was used to construct a productivity index for 17 OECD
countries. GDP was employed as aggregate output measure and capital stock and employment
as aggregate input measures. Brockett, Golany and Li (1996) did a similar exercise, using the
same input and output indicators. These authors studied the ratio between aggregate output and
input. The difference with macroeconomic performance measurement is clear. Productivity studies
examine the efficiency of the total economy, whereas studies about macroeconomic performance seek
to identify those countries which achieve the best policy results, whether these results are attained
in a (politically) efficient way or not.

Before starting with the study of the models, let me first introduce some notation. The total
number of countries is denoted by n. The real GDP-growth rate will be represented by y, the
unemployment rate by u, the inflation rate by p and the surplus or deficit on the current account as
a percentage of GDP by f.

2.1. LIMEP 1

The first synthetic performance measure that will be treated is the LIMEP 1 [Melyn and Moesen
(1991) and Moesen and Cherchye (1997)]. LIMEP stands for Leuven Index of Macroeconomic
Performance. The model used is not really a DEA model, but it expresses the same idea of benefit
of the doubt weighting. The construction of the LIMEP 1 proceeds in two steps. In a first step the
original data are normalised. At the same time the economic ‘bads’ (unemployment and inflation) are
converted into ‘goods’. The values of the normalised indicators will vary between zero and one, zero
corresponding to the worst performance in the sample and one corresponding to the best performance.
Higher numerical values reflect better relative performance. The normalised counterparts of y, p, u



and f are denoted by respectively y”, p™, v and f™. If subscript ‘min’ refers to the lowest indicator
value over all countries in the sample and subscript ‘max’ to the highest indicator value, then for
each country 7 the normalised values are computed as follows:

Yi — Ymin

yzn - Ymax — Ymin (21)
n Pmax — Pi

by = p—ma.x  Denin (2.2)
Umax — Us

u;l - Umax — Ymin (23)
n fz - fmin

fi - fmax - fmin (24)

The last step consists in according weights to the four macroeconomic dimensions. Here it is
assumed that priorities are attributed. This idea is expressed by imposing that each objective
should get a weight of either 0.10, 0.20, 0.30 or 0.40. The highest weight (0.40) should be attached
to the dimension for which the country under consideration performs relatively best, the weight 0.30
should be given to the dimension for which relative performance is second best, and so on. The
following model should then be solved for each country i (LIMEP 1):

max LIMEP 1; = ay; yi* + ag2; pi + as; w)' + aq; f]

Q1i, A2iy A3i, A44

s.t.
a; +ag t+az; tay = 1
ai+aw > 030 G k=1234 j4k
040 > a;>010 j=1,23.4

The generosity of the model is immediate. The weights aq;, as;, as; and a4; are chosen in such a
way that no other possible combination of weights would yield a higher value for the LIMEP 1. The
program is solved for each country. The value of the LIMEP 1 will always be between zero and one.

The model is rather simple and very intuitive, which are two important qualities. The assumption
that priorities should be attributed is more problematic. Some countries perform equally well in more
than one dimension. E.g., one country may as well have the lowest unemployment rate as the highest
growth rate. In this case one should in fact attach an equal weight of 0.35 to both indicators. This
possibility is not excluded a priori by the formulation of the model. But whether 0.35 will be selected
as the weight for the two indicators instead of the weights 0.30 and 0.40 depends on the algorithm
that is followed.

Note that even when a clear ranking between the several dimensions can be made, there is no a
priori reason why each weight should be 0.10, 0.20, 0.30 or 0.40. The model formulation, though,
forces the weight 0.40 to be accorded to the indicator for which the country under consideration
performs relatively best, the weight 0.30 to be attached to the indicator for which the country’s
relative performance is second best, and so on. The inequalities in the model de facto become
equalities. In reality it could equally well be that for one country real growth gets a weight of, say,
0.15, unemployment a weight of 0.18, inflation a weight of 0.46 and, finally, the current account a
weight of 0.21. The fact that this possibility is not captured by the model can be regarded as a
weakness.

2.2. LIMEP 2

Melyn en Moesen (1991) also proposed another synthetic indicator, viz. the LIMEP 2. The LIMEP 2
model is based on the input oriented CCR model [Charnes, Cooper and Rhodes 1978 and 1979]. This



model was originally constructed to provide a ‘best practice envelope’ in an input-output setting,
assuming constant returns to scale. The latter is of course only an appropriate concept when one
is working with production functions. If only outputs are considered, the assumption must be
reinterpreted and this creates a fundamental problem, as will be shown below.

To calculate the LIMEP 2 one works with the original data. The economic ‘bads’, p and u, get a
negative sign in the objective function. The weights still have to sum up to one, but are less restricted
than before. The only restriction is that they should be at least 0.10, which creates a greater latitude.
It seems intuitively clear that some lower bound should be respected by the weights.? It is indeed
not very probable that countries attach an equal weight to each objective, but it is perhaps even
less likely that one objective gets a weight of, say, 0.99 while all the other objectives together get a
weight of only 0.01. The fact that weights can be chosen more freely appears to be an improvement
over the model in the previous section. The linear programming problem, which should again be
solved for each country i, can be written as (LIMEP 2):

max LIMEP 2; = b1; yi — boi pi — bziwi + bai fi
b1i, bai, bai, bai

s.t.
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b1; Y — ba; pr. — b3sup, + by; fr (2.5)
bi; +bai +03i+bs = 1 (2.6)
bi > 010 j=1,2,3,4

Intuition is straightforward. The fact that weights are computed so that the highest possible
LIMEP 2 value is achieved for the country under consideration reflects the idea of benefit of the doubt
weighting. By solving the model for each country we get a relative ranking. The best performers
get a LIMEP 2 score of one. In general, the overall performance of an economy is better the closer
the score gets to one. Remark that the value of the LIMEP 2 can be negative, for it is not bounded
below. This has some consequences for the interpretation of the LIMEP 2 score, which have to do
with the radial nature of the CCR model.

In an input-output setting, radial models seek for each observation the value which gives the
equiproportionate expansion in all outputs (output orientation) or reduction in all inputs (input
orientation), required to achieve parity with the best practice observed in the sample. Now, however,
the LIMEP 2 value can be negative and it seems difficult to interpret the LIMEP 2 scores. Normally
negative output values are not implemented directly into a radial model, and it appears that this is
not an adequate procedure.

Suppose for the moment that this problem could be overcome by using alternatives y*, p*, u*
and f* instead of y, p, u and f, with y*, p*, v* and f* only taking positive values and can all be
interpreted as goods (so that we only have plus signs in the objective function). Note that y* and
f* are not just translations of y and f, as radial models are not translation invariant (see e.g. Ali
and Seiford (1990)). Using these new measures in the LIMEP 2 model, restriction (2.6) becomes
problematic in combination with restriction (2.5). Suppose e.g. that (y¥, p¥, uf, fi) equals (2,1, 3, 2).
It is clear that in this case (2.5) and (2.6) cannot be satisfied simultaneously. On the other hand,
if all y*, p*, v* and f* values were within the interval (0, 1], then restriction (2.5) would no longer
be binding because of (2.6) and the maximisation procedure would become trivial. Clearly, other
constraints should be used to impose upper bounds on the weights. One could for example replace
(2.6) by the following:

bj‘Z%(bu + ba; + bg; + bay) j=12,3,4

By confining oneself to strictly positive data entries and by using appropriate weight restrictions

the input oriented CCR model can be saved. But, as inputs are regarded to be irrelevant in the



curerent setting, an output oriented model would constitute a better alternative. A fundamental
problem then arises for the CCR model, of which the output oriented version looks as follows:3

max zi = @; + € (Sy; + Spi + Sui + i)

@i,/\;syi y8pisSuiySfi

s.t.

n
25 I:F*Z)\k IZ+8ml 0 x:y,p,u,f
k=1

M 0 k=1,..,n

0 T =y,p,u, f

AVARLY,

Szxi

The resulting output performance measure equals one for the best performers, and is above one
for worse performers. Obviously, solving this model would always give a z; value of co. The reason
is that input restrictions are omitted from the original CCR model. How should this difficulty be
coped with? One way is to add further restrictions on the A’s. An interesting choice is the convexity
constraint y_, Ap = 1, which yields the BCC model [Banker, Charnes and Cooper (1984)]. In an
input-output setting the convexity constraint represents the assumption of variable returns to scale.
In the current context this assumption should be interpreted as a variable ‘trade-off’ between the
several outputs or macroeconomic services, which appears realistic. Remark that the possibility of
a constant trade-off is not excluded. No a priori assumption about the nature of the trade-offs has
to be made.

There still remains a final problem concerning the radial nature of the model, which follows from
the presence of slacks. If these slacks are insignificantly small and do not systematically occur, this
is only a minor problem. Lovell and Pastor (1995) found, however, when aplying the BCC model,
that this is not the case for macroeconomic performance measurement. Slacks did not only appear
frequently, they were also large in many instances. This has clear intuition: countries may perform
relatively well in some macroeconomic policy dimensions while there is only a poor performane with
respect to other dimensions. Obviously, in such cases it does seem hard to defend that a measure
capturing the maximum equiproportionate expansion in all outputs will adequately reflect the overall
economic policy performance. For this reason they proposed a non-radial model, which will be the
subject of the next subsection.

2.3. GEM

The non-radial model proposed by Lovell and Pastor (1995) is the extended additive DEA model,
introduced by Charnes, Cooper, Rousseau and Semple (1987). The same model was used by Lovell,
Pastor and Turner (1995). Relative slacks are implemented directly into the objective function. As
before the y, p, u and f are substituted for by appropriate alternatives y*, p*, v* and f*. The model
which should be solved for each country i looks as follows (GEM-Primal):

Syi Spi Swi Sfi
max Q=L 2y ey TN (2.7)
A,8yis8pi SuirSfi Y; p; u; fZ
s.t.
n
E )\k szsm- — I;k $:y7p7u7f
k=1
n
E A = 1
k=1
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Each country which is not ‘best practice’ is compared to a Pareto efficient reference point. Obvi-
ously, the difficulty with the above problem is that the objective (2.7) lacks a natural interpretation
as a relative efficiency measure. It is zero for an efficient observation and positive for an inefficient
observation, but no real meaning attaches to the magnitude of a positive value, since the objective is
unbounded above. Therefore Lovell and Pastor replaced (2.7) with a new objective, one which has
a natural interpretation as a relative efliciency measure. This objective is given by:

1 /sy Spi . Swi o S \]
i GEM, = |14+ = (2¥ y 2pi 2wl 2f1
ASyirSpisduiss s ’ [ "1 <y;‘ * 2 * u * fr

GEM stands for Global Efficiency Measure. Clearly, the GEM can be obtained indirectly from
the solution of the (linear) extended additive model above. The GEM value equals one if and only
if the country under consideration is situated on the (Pareto efficient) best practice frontier or, in
other words, if all slacks are zero. Values vary within the interval 0, 1].

In the above model no lower bound is imposed on the relative weights attributed to the several
macroeconomic objectives, while the possibility of importing restrictions on the policy weights seems
desirable. In order to evaluate this possibility the dual formulation of the above model should be
considered. After converting the obtained minimisation problem into a maximisation problem, we

get (GEM-dual):

o g max 4= Yi +co P+ csi up ey fiT @
s.t.
C1i Yp +C2i Ptz upt+ca frp tw <0 k=1,..,n
cji > % i=12,3,4 z=y,p,u,f
w; = f;ee

Because of the duality theorem of linear programming, it holds that QF = (—g¢}), where the
superscript (*) denotes an optimal value. The term w, is associated with the convexity constraint in
the GEM-primal model and determines the intercept of the hyperplane represented by the objective
function [Seiford and Thrall (1990)].

Clearly, lower bounds of the output weights will differ for different observations, which implies
that one cannot impose particular lower bound weight values like in the LIMEP 2 model. This
appears to be a drawback. In the next subsection another model will be proposed to construct a
synthetic performance indicator, viz. the LIMEP 3, which does not suffer from this inconvenience.

2.4. LIMEP 3

From above we can derive two conditions that should be met by the DEA model used to compute
a synthetic macroeconomic performance indicator. First, the model should be non-radial, for the
presence of slacks in radial models appears to be problematic. Further, the model should allow for
imposing restrictions on the policy weights. A DEA model which satisfies both conditions is the
additive model, developed by Charnes, Cooper, Golany, Seiford and Stutz (1985). For each country
i, the model can be formally expressed as:

min Vs = —Syi — Spi — Sui — Sfs (2.8)
Ay SyiySpiySuisSfi
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(2.8) has an analogous interpretation as (2.7). The only difference is that the objective function
(2.8) equals the sum of absolute slacks instead of relative slacks. This implies, in order to treat each
dimension on equal footing, that the four original variables should be replaced by alternatives which
are expressed in the same scale. Therefore use is made of the normalised variables 3™, p", u™ and
™ (cf. (2.1) to (2.4)).

Suppose one wants to eliminate large differences beween relative weights, assuming for example
that in reality each policy objective gets a relative weight of at least ten percent. When weight
restrictions are to be imposed the dual formulation of the additive model seems more suitable. It
looks as follows for each country i (additive-dual):

max Wi = g13 Y;' + g2i P+ g3iuy’ + gai fi' + @ (2.9)

9iis 924y 93iy G4i, Wi
s.t.
91 Y + 92i P + g3iuy +guifp i < 0 k=1,.,n
gy = 1 7=12,3,4
w; = free

Again, the duality theorem guarantees that v} = w}, with (*) denoting an optimal value. Ensur-
ing that relative weights are not below ten percent (LIMEP 3):

o g e w; = dy; Y+ dog p + dagul + dag [+ @ (2.10)
s.t.
di; yp +dog pp +dzs up +dy; fil +mp <00 k=1,..,i..,n
di; > 010 j=1234
dj; > 11—0(d1i +dyi +d3+dy)  j=1,2,3,4
w; = free

Including lower bound weight values 0.10 instead of 1 only changes the scale of the objective
function value. Because normalised values are used, the solution of the above model will always
lie within the interval [—%,0]. It will be zero for the best performers, and the more it is below
zero the worse the overall economic achievement. The model produces the lowest possible objective
function value for a country which performs worst in all macroeconomic dimensions if and only
if another country in the sample performs best in all macroeconomic dimensions. This has clear
intuition: a country performs worst in all dimensions, although another country, acting under similar
circumstances (which is a priori assumed), proves that it is possible to perform best in all dimensions.



Clearly, a country cannot perform any worse (given the sample), and so the former gets the lowest
possible score.

For interpretational convenience, we would like the values to lie between zero and one. This is of
course easily obtained by normalising objective (2.10) in the following way:

max LIMEP 3, =1+ §(d1¢ yit +do; pl+dsi ul +da fiT+ wi)
diiy daiy dsi, daiyoos 2

We get a model that incorporates some attractive properties. It captures the assumption that

there is a variable trade-off between several macroeconomic objectives and it allows to implement

assumptions about realistic ranges of policy weights. Moreover, the model is non-radial which deals

with the empirical objections put forward against the use of radial DEA models. Finally, it produces

performance scores between zero and one, with higher scores corresponding to better performance.

2.5. Discussion

Four models to construct an unequally weighted synthetic macroeconomic performance indicator
have been discussed. The first three models were taken from the existing literature and the fourth
one was an own proposal. The LIMEP 1 model captures the basic idea of DEA models as it is
characterised by benefit of the doubt weighting. It concerns a simple model with clear intuition. The
only inconvenience is that, to calculate LIMEP 1 scores, priorities should be attributed exogeneously,
reflected by the condition that weights should take values of either 0.10, 0.20, 0.30 or 0.40.

The other three models are more sophisticated. The LIMEP 2 model is based on the input-
oriented CCR model. This is already a first inconvenience, as we are measuring performance and
inputs are regarded to be irrelevant. Moreover the LIMEP 2 values lack a clear interpretation as
they can be negative. Finally, the model is radial and thus gives rise to slacks which appear to be
problematic in macroeconomic performance measurement.

That’s why the non-radial GEM and LIMEP 3 models have been introduced. The GEM model
also captures the assumption of a variable trade-off between the several macroeconomic services.
But it does not allow for imposing particular lower bound values on the policy weights. The LIMEP
3 model, which is also characterised by the assumption of a variable trade-off, does not suffer from
this inconvenience. It produces LIMEP 3 scores, which, like the GEM scores, have the attractive
property of lying between zero and one, with lower scores corresponding to worse performance.

In fact the different models reflect particular assumptions about the distribution of policy weights.
Intuitively, one is inclined to think that the relative weights of the different components of the
synthetic performance indicator should respect some lower bound, but it is not clear a priori which
value this lower bound should take. Moreover, one could wonder whether also upper bounds would
be appropriate. In order to solve these and related problems additional information will be needed.
In a microeconomic environment market information can be used to set the range of potential weight
values (see e.g. Charnes, Cooper, Huang and Sun (1990)), but in a macroeconomic context adequate
information is not readily available.

As it is not immediately obvious which value the lower weight bounds should take, it can not be
said a priori wether the GEM model is better suited than the LIMEP 3 model or vice versa. It would
be interesting to compare the empirical results of both models with those of the less sophisticated
but intuitive LIMEP 1 model. This will be done in the next section.

A final remark concerns the distinction between flow and stock variables. The objective of macro-
economic performance measurement is to evaluate policy performance. It is clear that the overall
strength of an economy in a certain period does not only depend on the quality of macroeconomic
management but also on the shape of the economy at the beginning of the period under study [see
Lovell and Pastor (1995)].# Therefore it seems recommendable only to consider flow variables when



evaluating policy performance. Real growth, the inflation rate and the surplus or deficit on the
current account are clearly such variables. The unemployment rate is not, however. The relative
change in the unemployment rate would constitute a better alternative. Nevertheless, in the next
section a stock variable will be used to represent the employment dimension as this appears to be
common practice in the literature. The latter does not prevent it from being a weakness, however,
especially with respect to the interpretation of the relative weights as indicators of policy priorities.

3. Empirical Comparison

The LIMEP 1, the GEM and the LIMEP 3 procedures will be applied to evaluate a sample of 20
OECD countries. The data are presented in section 3.1. The sample covers the period 1992-1996.
Because of the possibility of shifts in macroeconomic performances or policy priorities results will
be computed for each separate year. These results will be discussed in section 3.2. The purpose is
to check whether the different models, which reflect different perceptions about the distribution of
policy priorities, involve divergent views on the relative macroeconomic performance of countries.

In fact, four models will be compared. Since it is a priori not obvious which value the lower
bound restriction on the weights in the LIMEP 3 model should take, also LIMEP 3’ results will be
evaluated. The latter are obtained from the additive-dual model. Clearly there are no restrictions
on the relative weights. As the objective (2.9) lacks a natural interpretation as a relative efficiency
measure, it is, analogously to Lovell and Pastor (1995), replaced by:

, 1 !
min LIMEP 3; = |1+ — (91: yi' + 92i i + g3iug’ + 9ai fi' + @1)
G1is G2i, 933, 944,504 4

The resulting measure only takes values within the interval [%, 1], which is immediate from the
objective (2.8), knowing that slacks can at most equal one. Clearly, high correlation could be
expected between the LIMEP 3 and the LIMEP 3’ results, as the LIMEP 3 model only differs from
the LIMEP 3’ model in that ‘extreme’ policy weight combinations are eliminated.

DEA models seem appropriate for computing performance scores as they allow for benefit of
the doubt weighting. As such, it appears interesting not only to compare scores but also weights
assigned to the several dimensions for each country. That’s why the GEM-dual model will be used
to compute the GEM results and not the GEM-primal model.

3.1. Data

As real growth, a surplus or deficit on the current account, the inflation rate and the unemployment
rate cannot be employed in the GEM model, the variables y, p, v and f are substituted for by the
alternative measures y*, p*, u* and f*, which only take positive values and can all be interpreted as
goods. These variables are defined as follows for each year ¢:

GDP,
yf = ——1 (=1+1y,), where GDP, = Real Gross Domestic Product in ¢
GDP, 4
CPI;_ 1
p; = CPtItl (= T ), where CPI; = Consumer Price Index in ¢
uf = 1—wu; = Employment Rate
X
o= ﬁt, where X; = Value of Exports in ¢ and M; = Value of Imports in ¢
t

To calculate the LIMEP 1, the LIMEP 3 and the LIMEP 3’ results normalised variables are
used. To obtain these an analogous procedure to the one presented in (2.1) and (2.4) is followed. A
summary of the data is presented in table 1.
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Table 1: Original data, period 1992-1996 (average values)

Country y* p* u* f*

Australia 1.039 0.977 0.903 0.984
Austria 1.017 0971 0.941 0.844
Belgium 1.012 0.978 0.877 1.055
Canada 1.022 0.98 0.896 1.135
Denmark 1.023 0.981 0.890 1.158
Finland 1.014 0.985 0.834 1.006
France 1.013 0.981 0.883 1.058
Germany 1.015 0.972 0.908 1.110
Ireland 1.062 0.978 0.862 1.320
Ttaly 1.020 0.957 0.910 1.113
Japan 1.014 0.993 0.972 1.378
Netherlands 1.022 0975 0.933 1.095
New Zealand 1.032 0.980 0.919 1.030
Norway 1.038 0.981 0.944 1.324
Portugal 1.015 0.947 0.938 0.659
Spain 1.013 0.955 0.777 0.768
Sweden 1.009 0.975 0.926 1.195
Switzerland 0.999 0979 0.959 1.021
United Kingdom 1.010 0.973 0.891 0.891
USA 1.026 0.972 0.937 0.789
Mean 1.021 0975 0.914 1.054
Standard Deviation 0.016 0.011 0.050 0.225

Sources:
OECD, Economic Outlook, 1997
OECD, Main Economic Indicators, 1995 and 1997
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3.2. Results

It was mentioned before that macroeconomic performance results should be interpreted with sufficient
care. Nevertheless they provide useful information. For example they allow one to identify weak
and strong performers. Moreover, the weights at least give some indication about the true policy
priorities of governments. Finally, intertemporal comparison can help to distinguish performance
and priority shifts. These points are illustrated by tables 2 and 3, which show results for Australia,
Belgium, Germany, Ireland, Japan and the USA.%6

Table 2 gives performance results for the year 1992. Results are presented for the four performance
measures so as to get a first impression about the similarity of the results produced by the different
models. All measures agree on Japan being the best performer. Rankings differ slightly. In general,
however, bad performance for one measure also involves low ranking for another measure. There
appears to be more disagreement about the weights, although some patterns can be disinguished.
For instance, for Belgium high weights are always accorded to real growth and/or price stability.
For Germany, Ireland and the USA growth would be by far the most important. As regards Japan,
however, things are not that clear. But here it concerns a special case, as Japan achieves the highest
possible score for the GEM, the LIMEP 3 and the LIMEP 3’. The maximisation procedure comes to
an end as soon as it reaches the maximum score of one. Weight combinations different from the one
produced but also resulting in a score of one could be possible. Which weight combination is selected
then depends on the algorithm that is followed. The same remark holds for the Australian GEM,
LIMEP 3 and LIMEP 3’ weights. The possibility of multiple optimal solution and the associated
difficulties in interpreting the weights only occur to a much smaller extent for countries not lying on
the best practice frontier.

The LIMEP 3 results for all consecutive years are presented in table 3 for the same six countries.
Japan remains on top for whole the period. Real objectives would be given the highest weights, but
again many weight combinations are possible as Japan is assigned a score of one in each year. We
also notice that Australia tumbles from a first place in the year 1992 to no worse than a seventeenth
position in 1995. In 1996, then, performance gets a little better. Weights are hard to interpret for
the year 1992 as a score of one is attained. In 1993 price stability appears to be preferred above the
other objectives, whereas in the following years no priorities seem to be attributed. Next we find
that Belgium experiences a dramatic relative performance deterioration in 1993 from which it doesn’t
manage to recover in the following years, except from a small recuperation in 1995. Also Germany
performs only moderately, possibly a reflection of the unification. The German and the Belgian
weight structures are the same, and each objective gets approximately the same policy weight for
the whole period, except from the year 1992, where real growth is assigned a higher weight. This
result somewhat runs against general intuition as the Maastricht convergence criteria promote a
tight monetary policy so that we could expect low inflation to be politically more important. Ireland
performs well, and gets from a fourth place in 1992 and 1993 to a first position in 1994, 1995 and
1996. In the first year real growth is accorded the highest weight, while in the second year also the
current account result would get policy priority. In the following years the ‘Emerald Tiger’ gets a
score of one which implies, as discussed before, that the computed weights can hardly be interpreted.
The performance of the USA, finally, deters rather drastically over the period considered, falling back
from a ninth place in 1992 to a seventeenth position in 1996. Slightly more concern goes to high
growth, whereas the other objectives would be approximately equally important.

A final note applies with respect to the weights reported in table 3. In some instances, e.g.
Ireland in 1992, highly unequal weights are obtained, which indicates that models allowing for un-
equal weighting of the different macroeconomic objectives may indeed reveal interesting information
concerning policy priorities. On the other hand, in many cases we find equal weights for the four
dimensions. One could conclude that unequal weighting procedures indeed create a surplus value
but also that the a priori assumption that policy priorities will always be attributed seems hardly
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defendable. Equal weighting of the policy objectives should not be excluded. It further seems that
the distribution of policy weights varies considerably over time and over countries.

To get a more precise idea about the similarity of the results for the four performance measures
the correlation coeflicients were computed. They are presented in tables 4 to 9. Table 4 gives the
Pearson correlation between scores, which appears to be quite high. Note that the three lowest
correlation coefficients are all associated with the GEM. One further notices that the LIMEP 3
has the highest correlation with each of the three alternatives. This result has clear intuition as
the LIMEP 3 model takes an intermediate position: relative weights are indeed not bound to equal
either ten, twenty, thirty or forty percent but they can also not be chosen completely freely as relative
weight values below ten percent are impossible.

Additionally also the correlation between rankings has been computed. Results are reported in
table 5. The Spearman correlation between the rankings appears to be very high (at least 95.5
percent). We conclude that the different models treated in section 3 lead to a large extent to the
same conclusions regarding the performance of nations in terms of rankings and, to a somewhat
lesser extent, in terms of scores.

The unequal weighting of their components constitutes the principal characteristic of the measures
discussed here. Therefore it is interesting to consider the correlation between the weights used
to determine the macroeconomic scores. From table 2 we could presume that, except from the
correlation between the LIMEP 3 and the LIMEP 3’ weights, this correlation will probably not be
very high. This conjecture is affirmed by tables 6 to 9, which contain the relevant Pearson correlation
coefficients. Especially the correlations between the f-weights is low. Looking at the correlation
between weights associated with individual measures we see that the correlation between the weights
used to construct the GEM and the LIMEP 3’ measures, with the same underlying assumptions about
policy priorities, is relatively high. Also the LIMEP 3 weights correlate (relatively) strongly with
the weights associated with any of the other measures, which again results from the intermediate
position which the LIMEP 3 model takes.

We conclude that, starting from the hypothesis that restricting economic policy objectives to four
dimensions is not an inadequate procedure, other basic assumptions about the distribution of policy
priorities can lead to significantly different weight combinations. The performance results are not
so much affected. Not the calculated scores and certainly not the rankings. A priori assumptions
about the allocation of policy weights over the four macroeconomic objectives, though they do not so
much affect the ultimate scores and rankings, thus have a significant effect on the computed policy
weights and so on the interpretation of policy performance. It seems important to pay attention
to the weight restrictions implemented in the model used. Additional external information would
constitute a great help.
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Table 2: Results for Australia, Belgium, Germany, Ireland, Japan and the USA
(year 1992)

Score  Ranking y-weight p-weight wu-weight f-weight
Australia:
LIMEP 1 0.796 3 0.300 0.400 0.100 0.200
GEM 1.000 1 0.295 0.665 0.022 0.018
LIMEP 3 1.000 1 0.271 0.515 0.107 0.107
LIMEP 3’ 1.000 1 0.090 0.730 0.090 0.090
Belgium:
LIMEP 1 0.679 13 0.300 0.400 0.200 0.100
GEM 0.883 14 0.684 0.102 0.112 0.102
LIMEP 3 0.746 11 0.328 0.224 0.224 0.224
LIMEP & 0.797 11 0.328 0.224 0.224 0.224
Germany:
LIMEP 1 0.676 14 0.400 0.200 0.300 0.100
GEM 0.911 10 0.678 0.109 0.113 0.099
LIMEP 3 0.779 8 0.328 0.224 0.224 0.224
LIMEP & 0.819 8 0.328 0.224 0.224 0.224
Ireland:
LIMEP 1 0.795 4 0.400 0.200 0.100 0.300
GEM 1.000 1 0.899 0.035 0.040 0.027
LIMEP 3 0.968 4 0.700 0.100 0.100 0.100
LIMEP 3’ 1.000 1 0.737 0.088 0.088 0.088
Japan:
LIMEP 1 0.941 1 0.100 0.200 0.300%* 0.400%*
GEM 1.000 1 0.654 0.129 0.130 0.087
LIMEP 3 1.000 1 0.328 0.224 0.224 0.224
LIMEP 3’ 1.000 1 0.090 0.731 0.090 0.090
USA:
LIMEP1 0.713 8 0.400 0.300 0.200 0.100
GEM 0.857 15 0.697 0.095 0.100 0.109
LIMEP 3 0.776 9 0.328 0.224 0.224 0.224
LIMEP & 0.817 9 0.328 0.224 0.224 0.224
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Table 3: Results for Australia, Belgium, Germany, Ireland, Japan and the USA

(LIMEP 3)
Score  Ranking y-weight p-weight wu-weight f-weight
Australia:
1992 1.000 1 0.271 0.515 0.107 0.107
1993 0.881 5 0.293 0.236 0.236 0.236
1994 0.862 6 0.418 0.194 0.194 0.194
1995 0.616 17 0.251 0.250 0.250 0.250
1996 0.694 10 0.250 0.250 0.250 0.250
Belgium:
1992 0.746 11 0.328 0.224 0.224 0.224
1993 0.614 17 0.250 0.250 0.250 0.250
1994 0.694 17 0.250 0.250 0.250 0.250
1995 0.731 10 0.251 0.250 0.250 0.250
1996 0.617 16 0.250 0.250 0.250 0.250
Germany:
1992 0.779 8 0.328 0.224 0.224 0.224
1993 0.618 16 0.250 0.250 0.250 0.250
1994 0.740 13 0.250 0.250 0.250 0.250
1995 0.768 7 0.251 0.250 0.250 0.250
1996 0.522 18 0.250 0.250 0.250 0.250
Ireland:
1992 0.968 4 0.700 0.100 0.100 0.100
1993 0.955 4 0.361 0.100 0.100 0.439
1994 1.000 1 0.422 0.378 0.100 0.100
1995 1.000 1 0.251 0.250 0.250 0.250
1996 1.000 1 0.238 0.287 0.238 0.238
Japan:
1992 1.000 1 0.328 0.224 0.224 0.224
1993 1.000 1 0.293 0.236 0.236 0.236
1994 1.000 1 0.201 0.201 0.201 0.397
1995 1.000 1 0.251 0.250 0.250 0.250
1996 1.000 1 0.238 0.287 0.238 0.238
USA:
1992 0.776 9 0.328 0.224 0.224 0.224
1993 0.744 9 0.293 0.236 0.236 0.236
1994 0.723 15 0.250 0.250 0.250 0.250
1995 0.643 16 0.251 0.250 0.250 0.250
1996 0.589 17 0.250 0.250 0.250 0.250
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Table 4 : Correlation between scores (Pearson)

LIMEP 1 GEM LIMEP 3 LIMEP &

LIMEP 1 1.000 0.797 0.949 0.917
GEM 0.797 1.000 0.886 0.873
LIMEP 3 0.949 0.886 1.000 0.980
LIMEP &’ 0.917 0.873 0.980 1.000

Table 5 : Correlation between rankings (Spearman)

LIMEP 1 GEM LIMEP 3 LIMEP &

LIMEP 1 1.000 0.994 0.998 0.998
GEM 0.994 1.000 0.995 0.955
LIMEP 3 0.998 0.995 1.000 0.999
LIMEP &’ 0.998 0.955 0.999 1.000

Table 6 : Correlation between y-weights (Pearson)

LIMEP 1 GEM LIMEP 3 LIMEP &

LIMEP 1 1.000 0.327 0.443 0.339
GEM 0.327 1.000 0.555 0.487
LIMEP & 0.443 0.555 1.000 0.842
LIMEP &’ 0.339 0.487 0.842 1.000

Table 7 : Correlation between p-weights (Pearson)

LIMEP 1 GEM LIMEP 3 LIMEP &

LIMEP 1 1.000 0.275 0.255 0.186
GEM 0.275 1.000 0.665 0.560
LIMEP & 0.255 0.665 1.000 0.865
LIMEP &’ 0.186 0.560 0.865 1.000

Table 8 : Correlation between u-weights (Pearson)

LIMEP 1 GEM LIMEP 3 LIMEP &’

LIMEP 1 1.000 0.253 0.423 0.379
GEM 0.253 1.000 0.555 0.620
LIMEP & 0.423 0.555 1.000 0.842
LIMEP &’ 0.379 0.620 0.842 1.000

Table 9 : Correlation between f-weights (Pearson)

LIMEP 1 GEM LIMEP 3 LIMEP 3’
LIMEP 1 1.000 0.086 0.155 0.059
GEM 0.086 1.000 0.266 0.452
LIMEP 3 0.155 0.266 1.000 0.630
LIMEP &’ 0.059 0.452 0.630 1.000
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4. Summary and conclusions

In this paper several DEA-based performance indicators have been compared. Such indicators bring
together several macroeconomic policy dimensions into one single statistic. It is common practice to
summarise economic policy objectives in terms of the four dimensions captured by the magic diamond
of the OECD. The fact that only four dimensions are considered appears restrictive. Though the aim
of this study was not to compose a more appropriate set of performance dimensions, it is interesting
to note here that the alternatives considered in sections 3 and 4 allow to incorporate also other
dimensions.

DEA allows to unequally weight the different policy objectives, with each weight reflecting the
degree of priority. In fact, benefit of the doubt weighting is applied. Good performance is associated
with high policy priority and therefore implies high weighting in the performance measure. It is im-
plicitly assumed that all countries are subject to the same (symmetric) shocks, a somewhat artificial
assumption. Indeed, adequate information about asymmetric shocks during the period under study
seems desirable in order to analyse performance results in an appropriate way.

Three proposals to construct a synthetic performance measure based on DEA have appeared
in the literature, viz. the LIMEP 1, the LIMEP 2 and the GEM. The discussion of these three
measures, together with a fourth and a fifth one, the LIMEP 3 and the LIMEP 3’, formed the main
subject of this study. There appear to be a number of conceptual problems associated with the
LIMEP 2. For the other measures it is not a priori clear which one is best suited for macroeconomic
performance measurement, though the underlying models reflect rather different assumptions about
the distribution of policy priorities. The main reason is that additional information which allows to
have a clear idea about reasonable sets of policy weights is generally lacking.

Empirical results for the different alternatives were compared so as to identify whether different
assumptions about policy priorities have a substantial effect on the obtained scores, rankings and
weights. We found that with respect to scores and rankings the impact was small and sometimes
even negligible. The calculated weights, on the other hand, appear to be rather heavily affected.

Synthetic indicators can indeed provide an interesting contribution to macroeconomic policy
evaluation. One should put the performance results into the right perspective, though. As it seems
impossible to capture every macroeconomic policy objective it could perhaps be interesting to check
the sensitivity of performance results with respect to different sets of single indicators. Further,
external information allowing to identify a priori realistic ranges of possible weights for each objec-
tive and perhaps even for each country and each time period seems highly relevant. If adequate
information could be gathered the LIMEP 3 procedure seems promising as it allows to impose all
kinds of weight restrictions.
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Notes

1. Inclusion of the current account may be subject to some controversy. Tinbergen (1952) argues that it does not
so much concern an element of well-being as well a technical expression of a ‘sound’ policy. It could be argued
that the fact that a surplus is associated with good macroeconomic performance originates from the European
mercantilist nature. Nevertheless the current account is rather generally used as an indicator of macroeconomic

P erformance.

2. Note that the value of 0.10 is arbitrarily chosen. It could equally well be 0.05, 0.15 or any other value as long
as it is not above 1/d, where d is the number of single indicators used in the construction of the synthetic

P erformance measure.

3. Lower bound constraints imposed on the weights are omitted in order to simplify things. This does not affect

the core of the argument.

4. In fact, Lovell and Pastor (1995) proposed to address this issue by normalising the four economic service
indicators in such a way that each country starts out on an equal footing at the beginning of the period under

study.

5. Note that the use of a stock variable as an indicator for employment performance somewhat weakens this

argument.

6. Remark that the weights produced by the GEM, the LIMEP 3 and the LIMEP 3’ procedures do not necessarily
add up to one for each observation. As we want to compare the results of the four performance measures,
however, the latter is a desired property. It is obtained by dividing the weights for each observation by their

sum.

7. Note that both the GEM and the LIMEP 3’ models allow the weights to be chosen freely but that correlation
between the calculated weights is far from perfect, which indicates that also the model and the type of data

that is used (original or transformed) have an impact.
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