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We Could not Care Less about Armington
Elasticities - But Should We?

A Meta-Sensitivity Analysis of the Influence
of Armington Elasticity Misspecification on
Simulation Results

Abstract

This paper investigates the robustness of CGE models with respect to the elasticities
of substitution in demand between domestically produced goods and foreign goods
- the so-called Armington elasticities. The Armington-type modeling of trade is still
one of the most extensively used specifications in CGE modeling. For a long time the
choice of the respective elasticities of substitution has not been given much attention.
We resimulate 50 published CGE policy simulations each a 1000 times and randomize
the elasticities. The results of this experiment clearly indicate that a change in the
elasticities has noteworthy quantitative and qualitative effects on the results in more
than half of the models. We thus conclude that the choice of the elasticities should get
more attention and robustness of models with respect to elasticities should be tested
by modellers.
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1 Introduction

In his seminal paper A Theory of Demand for Products Distinguished by Place
of Production Paul Armington has provided a theoretical basis to explain the
stylized fact that consumers in a distinct country demand the same good from
domestic and foreign suppliers from different countries even though the price
for the domestic and foreign varieties is not equal. With this work Armington
has paved the path for applied economic modelling to incorporate consumer
preferences for different varieties of the same good depending on their country
of origin. Armington’s approach is easily adaptable in Computable General
Equilibrium (CGE) models and at the same time explains trade patterns in a
surprisingly accurate manner. Hence, the Armington trade specification still
prevails as trade specification in applied models until today. There exist, of
course, more modern and detailed trade theories which offer more complex
explanations for the same stylized facts. It depends, however, on the model
application whether a more complex trade specification is necessary and fea-

sible.!

Given the large dissemination of Armington-type models, it is interesting to
investigate the influence of this particular trade specification on model results.
The crucial parameter in the Armington setting is the so-called Armington
elasticity - or more precisely - the constant elasticity of substitution between
domestic and foreign varieties in domestic demand.? The correct choice of
this elasticity will decide on the accuracy of model results. However, until
recently the Armington elasticities have not received much attention in the
literature. McDaniel and Balistreri (2003) show in a simulation exercise that
the choice of the elasticity might be crucial in determining welfare gains or
losses from a given policy reform. They find that by changing the Armington
clasticities even a qualitative switch in the overall welfare result is possible.
Schiirenberg-Frosch (2015) shows by drawing elasticities randomly from a uni-
form distribution that even though the quantity variables are robust, price
results are quite sensitive with respect to the chosen elasticity set. A similar
approach is used by Frey and Olekseyuk (2014) and Jensen and Tarr (2012)
with comparable results. Apart from this, Hillberry and Hummels (2013) ar-
gue that the frequently used elasticities in the literature, which stem from time

series estimations of CES-functions are subject to a misspecification in the un-

!See Balistreri et al. (2011) for a detailed discussion of the different trade specifications and their
relation to each other.

2The respective models often use a comparable approach in modelling the decision between do-
mestic market sales and export market sales on the producer side, but this is not in the scope
of the present paper.



derlying econometric method and that the elasticities should be much higher.

Given these recent concerns about the appropriate choice of elasticities, we
perform a systematic assessment of the influence of a misspecification of Arm-
ington elasticities on model results. Possible errata in specifying the Arming-
ton elasticities are only worrisome if they impact crucially on model results.
Thus, this paper contributes a meta study of existing CGE models which have
been investigated with respect to their sensitivity to changes in Armington

elasticities.

For this purpose, we apply a robustness testing procedure on published CGE
models for a wide range of countries and areas of application. We replicate the
original model simulations for each model and afterwards rerun the models
1000 times with randomly drawn elasticities. We draw the elasticities from
the interval given by all existing elasticity estimations which is between 0 and
18.3 Subsequently, we compare the range of results from the 1000 simulations
with the original model results. We analyze the sensitivity of the following key
variables: real GDP, change in private household welfare, change in aggregate
imports and exports.* Each of these variables is investigated with respect to
these measures for robustness: spread between maximum and minimum (in
% relative to the mean), qualitative switches (yes/no), deviation of original
model results from robustness simulation mean (in % relative to the mean).
We consider a model robust if the spread between the maximum and mini-
mum is not more than 50%, the original model result does not deviate from
the mean by more than 25% and qualitative switches are found in less than
1% of the cases.

Our results show a rather clear picture concerning the robustness of CGE
model results when using substantially different Armington elasticities: They
are not robust. For the vast majority of models we find quite noteworthy vari-
ation of simulation results. In general, GDP results are more sensitive than
welfare results and sectoral results are more sensitive than aggregate results.
In the most extreme case, the minimum result for relative GDP changes (in %)
lies 360% below the mean result, the maximum result up to 400% above the
mean.® The original model results deviate in many models by substantially
more than 10%, often more than 50% from the mean obtained in our random-

3S0 far, we have only investigated the so-called ‘macro-elasticity’, a follow-up study on ‘micro-
elasticities’ is planned but not yet implemented.

“We also report household- and sector-specific results but these are not included in the paper for
brevity.

5One model shows no convergence in a high number of scenarios and a deviation of up to 99800%



ized simulations. The most extreme deviation is above 400% for the change
in real welfare and also 400% for the change in real GDP. In many cases the
original simulation results lie rather at the margin of the span of our results.
For most of the models at least some specifications lead to qualitative changes
in the key variables, i.e., a policy which has been found to increase welfare (or
GDP) may in some specifications be considered as harmful for private welfare
(or GDP) and vice versa. Even though qualitative changes occur in the mi-
nority of cases, the large quantitative influence is still worrisome. We expect
that an extension of our pool of models will still reproduce the same result
and thus argue strongly in favour of three key advices for future modelling:
1.) Modellers should, if possible, use estimated elasticities for the country in
question.® Adopting this would reduce the ambiguity of model results. 2.)
Modellers should always test their model results for robustness concerning the
elasticities and report the chosen elasticities and respective results transpar-
ently in their papers. 3.) The interpretation of model results should take into
account this source for uncertainty and thus very small changes in key variables
should be taken with some caution, especially if they are counterintuitive. In
addition, we see a case for much more research in this area. It would be very
helpful to know more about the determinants of the Armington elasticities and
about their evolution over time. Thus, a systematic estimation of Armington
elasticities which accounts for different possible methodologies and includes as
many countries as possible would be very helpful to improve the reliability of
model results.

2 Related research

The correct size of Armington elasticities has been disputed ever since they
entered CGE modelling as an important parameter. While the - perceived
- majority of modellers is rather agnostic about the specification of the elas-
ticities and simply adopts them from other studies with roughly comparable

characteristics, there exists, indeed, a broad literature about their estimation.

Since the 1970s, several studies with estimated Armington elasticities have
been published.” At first glance the studies seem to come to rather comparable
results. Elasticities found in this earlier branch of studies are often around or
slightly smaller than unity with higher elasticities found for the long run com-

5Though, the right strategy to estimate the elasticities is also subject to discussion in the commu-
nity

"A very complete overview of the earlier literature can be found in McDaniel and Balistreri (2003)
and Welsch (2008).



pared to the short run. This last result is found both by altering the frequency
of the data from monthly to yearly as well as by using error correction mod-
els. This perceived homogeneity of econometric results might have led to the
widespread practice to adopt elasticities from other studies or “guestimation”
(see Welsch, 2008). However, this seeming agreement among studies has to be
taken with a pinch of salt.

First, the overwhelming majority of - older - time series estimations with dis-
aggregated industries are for the US (e.g., Reinert and Roland-Holst (1992),
Shiells and Reinert (1993), Blonigen and Wilson (1999) and Gallaway ct al.
(2003)). Thus, it is not surprising that results differ only slightly as basi-
cally the same technique is applied to the same country. Changes hence only
stem from a switch in preferences over time or from a different level of ag-
gregation. Only very few time series analyses exist for other countries as also
Welsch (2008) points out. These studies find, indeed, differing results com-
pared to those for the US (further examples are Gibson, 2003; Kapuscinski and
Warr, 1999; Olekseyuk and Schiirenberg-Frosch, 2014; Welsch, 2006). Gener-
ally speaking, most estimations for non-US-countries find higher elasticities.

Second, while some studies estimate the so-called 'macro’-elasticity, i.e., the
elasticity of substitution between domestic and foreign goods others estimate
the 'micro’-elasticity which is the elasticity of substitution between different
countries of origin.® Only very few studies use a nested approach and estimate
both at the same time.® This will be a problem whenever the model which
employs these estimated elasticities does not follow the same structure, i.e.
does not make a distinction between different trading partners but this has
been done in the underlying estimation or vice versa. Not surprisingly, the

estimated micro elasticities are much higher than the macro elasticities.

Third, the estimated elasticities increase with the level of disaggregation in
terms of the number of sectors included. Again, a very plausible finding, as
more disaggregate data contains sectors that are more homogeneous in the pro-
duced goods and thus also higher in their international substitutability. This
phenomenon is generally considered as an “aggregation bias”. The similarity
of the results in first generation estimations for the U.S. thus somewhat lies
in the fact that the studies use different waves of the same data set which is
a rather disaggregate dataset for U.S. industries containing 192 sectors. If the

8This distinction and denomination is adopted from Feenstra et al. (2014).
9Tt is thus rather worrying if these two approaches find comparable results even though the un-
derlying structural model parameter in question is a different one.



estimated elasticities are to be used in a CGE model, the problem is somewhat
more complex. The level of aggregation in the data used for estimation should,
in our view, match the aggregation that will be used in the respective CGE
model. Hence, while estimated elasticities at the 2-digit-level might be too low
for the use in a very disaggregate trade model, they might, however, be more
convenient for a rather aggregated CGE model - a point also made by Welsch
(2006). Given that this aggregation problem has been confirmed by many
studies, one should, as McDaniel and Balistreri (2003) point out, be cautious
in using elasticities from a very aggregate estimation in a more disaggregate

setup or vice versa. However, this is a common practice.

Fourth, more recent studies tend to find much higher elasticities compared
to the first generation of studies — which we term in this paper as traditional
estimations — cited above. This could, misleadingly, be interpreted as a change
in consumer preferences into the direction of higher integration in international
trade. Unfortunately, this interpretation cannot be made unbiasedly as the
techniques employed in more recent studies differ in terms of aggregation, un-
derlying model, econometric procedure, underlying data and interpretation,
from those used in the older ones: Most traditional time series studies, espe-
cially those for the US, use 3-digit-level data (i.e., between 150 and 200 sectors)
and employ either a simple OLS, an OLS with lagged endogenous variables or,
more recently, error correction approaches as the variables are typically in-
tegrated. Examples for time-series approaches are Reinert and Roland-Holst
(1992), Shiells and Reinert (1993), Gallaway et al. (2003) and Blonigen and
Wilson (1999) for the US, Kapuscinski and Warr (1999) for the Philippines,
Gibson (2003) for South Africa and Welsch (2006) for France. Recent studies
such as Saito (2004), Welsch (2008) and Németh et al. (2011) provide panel
data results. The — younger — panel studies typically use a much higher ag-
gregation with only 6-15 sectors. The elasticities found in panel studies are
slightly smaller than those found in time-series studies thus contradicting the
often formulated argument that cross-sectional studies per se obtain higher
results. These studies are, even among this subgroup, not completely compa-
rable as the dimensions of the panels differ. While Saito (2004) estimates a
panel with variation over time and importing country for the OECD, Welsch
(2008) estimates a panel over time and sectors and Németh et al. (2011) again
identify variation over time and importing country but follow a nested proce-
dure for the 'macro’ and 'micro’ elasticity.

Fifth, and most important: Hillberry and Hummels (2013) in line with Her-
tel et al. (2004) and Valenzuela et al. (2008) state that the still prevailing —



traditional — time series approach to estimate the elasticities based on the price
differential over time neglects important information and is therefore not ap-
propriate. They propose a different strategy of estimation using a cross-section
of trading partners and identifying a variation in prices across trading partners
instead of over time (or over importing country as other cross-sectional and
panel studies in the field) proxied by trading partner specific transport costs.
Hence, they provide a cross-sectional approach which still produces country-
and sector-specific estimates for the elasticity of substitution. The results in
this branch of the literature lie substantially above the results from most pub-
lished studies in the field with elasticities of up to 18 compared to elasticities
around unity in the time-series literature. They argue, in addition, that time
series studies based on the use of unit prices are biased towards small elas-
ticities. It has been demonstrated by Valenzuela et al. (2008) that elasticities
around unity mistakenly lead to the identification of optimal tariffs in CGE
model applications. As the estimations by Hillberry and Hummels (2013) and
Hertel et al. (2004) reach a dimension being between 4 and 18 times higher
than the elasticities most frequently used in CGE modelling and as these new
elasticities have entered the very widely used GTAP database, one should ask
the question by how much this shift in the dimension of Armington elasticities
impacts on the results.'”

3 Methodology

Our analysis investigates systematically the influence of a noteworthy change
in the Armington elasticities on model results. Noteworthy is here to be under-
stood as changing from what we call the traditional elasticity interval (0.1-3)
to the interval proposed by Hertel, Hummels and different co-authors (9-18)
and vice versa. It is not surprising — and even desired — that such a substantial
change in trade preferences regarding the substitutability of goods has an in-
fluence on the trade pattern of a country. However, the dimension of this effect
is important if model results are used for policy simulation and the true size of
the elasticities is disputed. Results of simulations based on uncertain elasticity
sets would have the same degree of uncertainty as the estimations. In addition,
CGE models are not only used for trade policy analysis. Thus, if Armington

10Please note: The strategy proposed by Hilberry, Hummels, Hertel and different co-authors and
also employed by Saito is in fact a strategy of estimation of the micro elasticity as it distinguishes
between trading partners. The elasticity found and employed must thus be considered as an
average over micro elasticities for the respective country - it is hence quite obvious that it must
be higher compared to the macro elasticity estimated in traditional studies. The author of
this paper does not make any judgement over what strategy is the right one, especially as this
depends strongly on the model setup in question. This paper only demonstrates the effects of
the adoption of a different elasticity set.



elasticities even impact on model results if trade policy is unchanged, the elas-
ticity effect might distort the results of the actual policy experiment in case
that the chosen elasticities are wrong whatever reason. We do not argue that
models should in general not react to changes in Armington elasticities. How-
ever, given the rather “hit-or-miss”-way many modellers chose the elasticity
set, we consider it worrying if a change in the elasticities leads to an effect as

high as or even higher than the original simulation experiment in the model.

3.1 Data

This study comprises 50 original simulations within 16 models for 21 differ-
ent countries.'’ All models included are formulated in GAMS and use either
MPSGE, MCP or NLP as syntax. We only included general equilibrium mod-
els. The models have been simulated with the respective original datasets
provided by the authors. An overview of the models, scenarios and respective

original elasticities is given in table 7?7 in the appendix.

Most models included in this study have elasticities around unity and have
thus to be considered as belonging to the traditional branch of Armington-
type models. Many also do not use sector-specific elasticities. This usage of
one elasticity for all sectors may stem from computational limitations in older
models. The degree of sectoral aggregation is rather heterogeneous with one
model having only three sectors while another one has 40. Most models are
single country models but there are also multi-regional models included.'? The
areas of application differ as well. There are models for national fiscal policies
like tax reforms, for external shocks like an inflow of foreign aid and for trade
policy such as tariff elimination or joining trade unions.

As results of different policy scenarios within the same model differ and our
robustness measures are based on median and mean results, we treat each sce-
nario separately in our robustness tests. The same applies to multi-regional
models where, of course, each country is treated separately when it comes to
result comparison. Hence, each data point in the results shown below corre-

sponds to one country and one policy scenario.

'We are open to investigate further new models and are very grateful for any model provided by
fellow researchers. If you are interested in contributing to this project please contact the author
for details.

2The technique described is not limited to single-country models, static models or to small scale
models. However, it was difficult to get access to more complex models as authors are very
reluctant to provide access to their model code and data.

10



3.2 Approach

In order to investigate whether the included models are robust with regard to
the choice of elasticities or whether the influence of the Armington elasticities
is noteworthy, we resimulate the original policy experiments in the models
1000 times but we draw the elasticities randomly from a uniform distribution.
Thus we run the same simulation with 1000 different elasticity constellations
and report the results. The interval for the elasticities is between 0.0001'* and
18. This large interval represents all estimations which have — as far as we
know — been published on the size of Armington elasticities (See also Hillberry
and Hummels, 2013).1* As most of the models have their original elastici-
ties around unity, which has traditionally been the case, our robustness check
means for most of them a strong upward shift in the elasticity set. This is
comparable to changing a model with older traditional elasticities to a newer
clasticity set.

We report the results for some macroeconomic key variables like GDP, Hicks
equivalent change in private welfare, aggregate exports and imports and con-
sumer price index. In addition, we report sectoral results for production, ex-
ports and imports as well as welfare per household group. However, due to
the differences in sector and household disaggregation as well as in order to
keep this paper readable, we do not present these disaggregate results within
this paper.'®

We define three different measures for model robustness:

1. The deviation between the maximum and minimum result in our robust-

ness test in % relative to the mean in our study

2. The deviation of the original result from the mean of our robustness test
results in % relative to the mean in our study

3. The share of model runs in % in which a qualitative change occurs in our
robustness test results

We regard a model as not robust if the Maximum-Minimum deviation is
above 50% compared to the mean of all 1000 simulation results or if the orig-

130.5 for NLP models due to the mathematical limits in the CES function in NLP-syntax.

' Note, the interval is indeed a large one but we did not want to exclude any of the elasticities
present in the literature. The expected value of the elasticity in our draw is 9, which is in line
with the average elasticity in widespread models such as the GTAP model. The broad interval
has been chosen for the meta study, authors who want to test their own models might adjust the
interval to their specific case, i.e. to the spread of elasticity estimations relevant for the specific
application.

15 Available on request.
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inal result deviates by more than 25% from the mean in our simulations or if

a qualitative switch occurs in our simulations.'®

3.3 Implementation

As the models are quite heterogeneous in both their dimension as well as their
application, automation of the robustness checks was difficult. Many models
feature multiple scenarios within the code as well as their own reporting pro-
cedure, the definition of sectors, elasticity parameters and reporting variables
differ and hence using the exactly same code for all models was not possible.
The easiest way to run our robustness checks without having to rewrite the
whole scenario definitions is, to run the model as it is within a loop over dif-
ferent elasticity sets where the first run is the original setup and up from run
2 elasticities are randomized.!”

The concrete implementation consists of the following steps:

1. Running the model without changes and checking for correct benchmark
replication and consistency of results.

2. Identifying the elasticity parameter or introducing it if elasticities were

set in other ways than by specifying a parameter.
3. Introducing a loop set and programming a loop with 1000 elements.
4. Defining the elasticity as a random draw from the interval 0.00001 — 18.

. Including reporting of key results depending on the loop run and writing

ot

the value of the elasticities into the report, too.

6. Analysing the results, calculating descriptive statistics such as maximum,

minimum, mean and standard deviation.

4 Results

An overview of the results is given in tables ?? — ?? in the appendix.'® In
general, we find that most models are not robust by our criteria. Welfare

16We initially considered much smaller deviations as indications for non-robustness - namely the
more “‘traditional” confidence bands of 5 and 10% - but given the rather significant change in
the elasticities of up to factor 18, we have opted for a less strict definition of robust.

"The testing code is made available on request.

¥We do not link the results to specific models here as we leave it free to the model authors to
publish the results for their respective models. The randomly attributed scenario numbers in
the graphs shown in this section correspond to those in the result tables, but not to those in the
model overview in 77.
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results are more robust than GDP results and trade is even less robust - which
is intuitive as trade effects are direct whereas GDP and welfare effects are
indirect effects.'?

4.1 Maximum-Minimum Spread

The maximum-minimum spread criterion measures whether the spread of our
results exceeds 50% of the mean of our results. Hence, in the case of a symmet-
ric distribution a model would be considered robust if the minimum lies not
more than 25% below the mean and the maximum lies not above 25% above
the mean. Our criterion, however, allows for a non-symmetric distribution
where the mean lies closer to the minimum or maximum respectively if the
span does not exceed 50% altogether.

Figure 1: GDP: Maximum-minimum spread relative to mean %
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This criterion has emerged to be the strictest one which is only met by seven
simulations for GDP and by 13 simulations (out of 50) for welfare. Even if we
would define our criterion even less strong and allow for a variation of up to
100% around the mean, 39 simulations for GDP and 32 simulations for welfare
would not fulfil this criterion.

The lowest maximum-minimum spread lies at 12.3% of the mean. 10% of our
simulations have a spread below or equal to 36% of the mean, 20% lie below
89% of the mean. However, three quarters of our simulations show a spread

between maximum and minimum result of more than 100% of the mean, more

9Trade results are not shown in the following graphs for brevity. Trade reacts always as expected.
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than 50% lie above 300%. Even after excluding the simulations which did not
show convergence in a noteworthy share of the simulations, we end up with
more than half of the models being not considered as robust by this criterion.

Figure 2: Hicks equivalent change in private welfare: Maximum-Minimum spread
relative to mean %
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Welfare results vary far less than GDP results. Even though there exist,
also here, some very high spreads between maximum and minimum in some
models, the majority of models produces more robust welfare results compared
to GDP. 25% of all simulations show a maximum-minimum spread for welfare
below 50% of the mean, 40% of the results lie below 100%. However, there
exist also some simulations with a spread above 200%. Even excluding an out-
lier model which does not converge in many of our simulations, still in quite
a number of simulations in other models the Maximum-Minimum spread is
more than 1000% relative to the mean. We still consider this worrying even
though it is — of course — much less extreme than the GDP results.

4.2 Mean-Original Spread

This is the second strongest criterion. A model is regarded as robust if the
original simulation result does not deviate by more than 25% from the mean

in our simulations.

This criterion is met by 12 out of the 50 simulations for the change in real
GDP and by 19 out of the 50 simulations for the change in real welfare. Hence,
some further models are judged as robust if this criterion is used. Still, most

14



of the models have to be regarded as not robust (especially concerning GDP)
if elasticities are changed substantially.

Figure 3: GDP: Deviation of original result from mean %
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The highest deviation between the original results and the mean in the ro-
bustness tests, once again excluding non-convergent models from the results,
is at 716% for GDP and at 460% for welfare, meaning that the GDP effect in
the mean simulation in our study is more than 7 times as high as the result
in the original study and 460% for welfare respectively. Roughly 30% of our
simulations show deviation of the original result from the mean by not more
than 25%, 55% of the simulations lie below 50% original-mean deviation. This
is, indeed, a more positive picture compared to the first criterion. Nonetheless,
a majority or at least half of the models are still to be considered not robust,
also by this criterion. Again, this is worrisome as a strong misjudgement of
the GDP effect of the simulated policy is possible.
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Figure 4: Hicks equivalent change in private welfare: Deviation of original result
from mean %
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Interestingly, the models which deviate largely in the case of this criterion are
not necessarily the same as those which do not meet the maximum-minimum
criterion and this is not only explicable by a generally higher elasticity in the
original simulation. It seems that while some models produce a strong varia-
tion (close to random in some cases) in results if elasticities are altered other
ones have a rather small spread of results but the original simulation is closer
to a corner solution than to the mean or median of all simulations. Both these
findings are worrying even if implications differ. A large spread of possible
results reduces the reliability of any possible result produced by the respec-
tive model while a corner solution in the original simulation gives reason to
question the concrete effects presented in the respective papers while not nec-
essarily reducing the reliability of the model per se.

4.3 Qualitative switches

This criterion is the least strict one and on the other hand the one which points
most strikingly at problems in the elasticity specification. It will consider a
model as not robust if in more than 1% of the 1000 robustness simulations
the result for either GDP or welfare has the opposite mathematical sign from
the majority of the simulations. In other words, if the simulation produces
qualitatively different results. This is obviously a severe problem. If a policy
scenario is considered GDP increasing under one elasticity specification and
GDP decreasing under another or welfare respectively, the model results are
completely ambiguous.
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Figure 5: Qualitative switches in GDP and in welfare results
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This criterion is not met by 12 of the 50 simulations for GDP and 15 for
welfare which means that about one quarter of the simulations are clearly to
be considered as not robust if elasticities are changed within a wide range. As
figure 7?7 shows, there is a considerable number of models where qualitative
switches occur in more than 10% of the cases. It might well be that changing
the elasticities within the range of traditional time series estimations (0.5-5)
would not cause any noteworthy problems but with the span simulated here
(0.00001-18) the results of many models included are highly affected. How-
ever, the good news is that for this very lax criterion the majority of the models

is robust, at least.

4.4 Relationship between robustness and application scenario

One might argue that it is completely intuitive and even desirable that a cru-
cial change in trade preferences creates noteworthy effects. However, we do
not present the direct effects on trade itself here, but the indirect effect on
GDP and welfare. Moreover, only part of the simulations included are trade-
related policy scenarios. One would expect that trade policy scenarios might
in general be more sensitive to changes in the elasticities compared to scenarios
which only include national policies like tax reform or public spending scenar-
ios. Hence, in figure 7?7 we present the results for GDP separately for trade and

non-trade simulations. Figure 7?7 shows the same distinction for welfare effects.
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It is obvious that the most important outliers in the span of results measured
by the Max-Min-Criterion are all trade-focused models. However, noteworthy
deviations of original results from the mean also occur in non-trade focused
models, especially in the case of GDP.

Taking all results and both criteria into account non-trade simulations are
much more likely to be robust with respect to changes in the elasticity set.
This applies both to GDP as well as to welfare effects. Hence, in simulations
in which the trade effects are only indirect and not direct effects from the sim-
ulated policy, the choice of the elasticities is somewhat less crucial compared
to models focused on trade.

Figure 6: GDP: Max-Min-Criterion and Original-Mean-Criterion distinguished by

application
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The same conclusion also applies to the Qualitative-Switch-Criterion where
most of the models with qualitative switches are, indeed, trade models.
4.5 Relationship between robustness and base year

As noted above, the rather low elasticities found in the traditional time series
estimations have mostly been published in the 1980s and 1990s. Hence, one

might suspect that more recent models use higher elasticities and - as it is
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Figure 7: Welfare: Max-Min-criterion and Original-Mean-Criterion distinguished by

application
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argued that the low elasticities lead to a bias in model results - and are more
robust. However, we cannot clearly confirm this reasoning. While we clearly
see a trend towards more disaggregate and more complex models with more
sectors and sector-specific elasticities, still, also in more recent models low elas-
ticities around unity prevail. We have disaggregated our results by base year
and initial elasticity and the results in figures ?? to ?? do not show a clear

picture.

For GDP we see that the older models show a somewhat higher spread be-
tween maximum and minimum. However, the deviation between original result
and mean is highest in younger models. For welfare, the picture is somewhat
clearer with a tendency of older models to be less robust. This, however, is not
completely due to lower elasticities. Figures 77 and 7?7 show that while models
with lower elasticities produce a larger spread between maximum and minimum
for GDP, the original-mean deviation is higher in models with higher elastic-
ities. Furthermore, for welfare the picture is somewhat mixed. Hence, even
though we find a tendency of older models, or models with lower elasticities,
to be less robust, there is a considerable number of observations contradicting
this.
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Figure 8: GDP: Max-Min-Criterion and
base year
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Figure 9: Welfare: Max-Min-Criterion and Original-Mean-Criterion

by base year
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Figure 10: GDP: Max-Min-Criterion and Original-Mean-Criterion distinguished by
initial elasticity
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Figure 11: Welfare: Max-Min-Criterion and Original-Mean-Criterion distinguished
by initial elasticity
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5 Implications and future research

In brief, our answer to the question posed in the title is: “We should, indeed,
care much more about Armington elasticities.” We have shown in a small meta-
study including 50 model simulations that altering the Armington elasticities
by an important amount has a strong influence on model results in at least half
of the cases. This conclusion applies to both increased elasticities in models
with rather low initial ones and the opposite, lowering elasticities in models
with initially high ones. The largest effect has been found in trade-focused
models which initially used one single elasticity for all sectors. Older models
with lower elasticities seem to be slightly more affected. The results in our ro-
bustness checks showed such a high variance that even qualitative switches in
the results occurred in a noteworthy number of simulations. Hence, the same
policy would be judged as either welfare increasing or decreasing depending on
the elasticity set. This finding is in line with e.g. Valenzuela et al. (2008) who
show that choosing a small elasticity may lead to an optimum-tariff-result in

models which would find a tariff to be non-optimal in case of higher elasticities.

Our findings have strong implications for applied economic modelling espe-
cially in ex-ante simulations of planned trade reforms. We do explicitly not
argue here that one or the other method of estimating the elasticities is the
“right” one, however, we emphasize that elasticities do matter. And modellers
who use, for any reason, a specific set of elasticities should be aware that their
results are only a local result conditional on this specific elasticity set. Hence,
we call for more transparency concerning the role of Armington elasticities.
Model results, even for the same country, year and policy are not comparable
if elasticities differ substantially. It is thus important for both the scientific
community as well as for policymakers, who make choices based on model re-
sults, to know which elasticities have been used — and ideally also why these
and not other ones.

It would be in the interest of both credibility and comparability as well as
good scientific practice that modellers include robustness checks as the ones
shown in this paper per default into their articles and reports. Such a practice
would have a number of positive effects: a) it would be visible within which
span of elasticities the results remain reliable, b) results would be more com-
parable across models, ¢) the problem would be quantified further, d) such a
transparent approach would increase the trust in CGE models and acceptance
of these as an important tool for economic policy analysis given that CGEs
are at the moment much too often perceived as “black boxes”.
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A broadened and deepened scientific discussion about the size and role of
Armington elasticities is necessary. Consistent estimations of Armington elas-
ticities are still the best way to deal with the demonstrated non-robustness of
model results. If one was sure that he or her chose the Armington elasticities
wisely, even a strong influence of these on model results would not be worry-
ing. However, we are simply not sure about the correct way to estimate the
elasticities and a considerable part of the CGE modelling community is also

completely ignorant of the problem per se.

As an extension of this study we will have a closer look at more disaggregate
results, which have not been included in this paper but are, as far as it is
visible at the moment, even more sensitive to changed elasticities. Especially
the influence of the elasticity choice on income distribution seems worth a
closer look, a point which is in line with the influential work of Arkolakis et al.
(2012). We have also completely focused on real variables here even though
also price variables are, of course, affected by the elasticity choice, as has been
shown by Schiirenberg-Frosch (2015). We will also investigate further whether
there are critical values for the elasticities, i.e., alter the interval of elasticities
from which we draw the elasticity sets randomly. The meta-study presented
here will later be complemented by an econometric study which estimates the
Armington elasticities for a large group of countries and investigates the key
determinants of Armington elasticities. This research program will hopefully
shed more light on both, the influence of Armington elasticities and the correct
way to chose these, even if they are highly influential.
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6 Appendix

Table 1: Model and simulation overview

Model Country model type Policy Simulation  Original Elas-
Index ticities

la Tanzania MPSGE, Increase in production and export of 2 for all sect
single-country,  cotton and clothing
static

1b Tanzania MPSGE, Increase in production and export of 2 for all sect
single-country,  tea and coffee
static

lc Tanzania MPSGE, Increase in production and export of 2 for all sect
single-country,  tobacco
static

2 Peru MPSGE, Tariff abolition 5 for all sect
single-country,
static

3 Zambia MPSGE, Increase in public budget by 2% of around 1
single-country, ~GDP based on lit.
static

4a Zambia MPSGE, Increase in public capital investment around 1
single-country, by 5-100%, no productivity effect based on lit.
static

4b Zambia MPSGE, Increase in public capital investment around 1
single-country, by 5-100%, low productivity effect based on lit.
static

4c Zambia MPSGE, Increase in public capital investment around 1
single-country, by 5-100%, high productivity effect based on lit.
static

5 Zambia MPSGE, Increase in public consumption by 5-  around 1
single-country,  100% based on lit.
static

6 Zambia MPSGE, Increase in remittances by 2% of GDP  around 1
single-country, based on lit.
static

7 Zambia MPSGE, Increase in FDI by 2% of GDP around 1
single-country, based on lit.
static

8 Zambia MPSGE, Investment in road infrastructure around 1,
single-country, based on lit.
recursive-
dynamic

9 Finland MPSGE, Budget-neutral tax-reform 2 for all sect.

single-country,

static
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Table 1: Model and simulation overview

Model Country model type Policy Simulation  Original Elas-
Index ticities
10 Cameroon  MPSGE, Uniform tariff slightly below
single-country, or around 1
static
1la UK, EC, MCP, four- Economic effects of UK joining the 3 for all sect.
CW country, static ~ EEC, Integration without transfer
11b UK, EC, MCP, four-  Economic effects of UK joining the 3 for all sect.
CwW country, static ~ EEC, Integration with tax transfer
1lc UK, EC, MCP, four-  Global free trade 3 for all sect.
CW country, static
12 Uganda NLP, sin-  Consequences of aid-funded public ex- 0.5 for all
gle country, penditure programs sect.
recursive-
dynamic
13 Brazil, MPSGE, Increase in European producer tax around 5
Germany, world  model
Ghana, In-  with 12 re-
dia, South gions
Korea,
Nether-
lands,
Poland,
United
States,
Tanzania,
Saudi
Arabia
14 Ukraine MPSGE, Import tariff abolition for EU-goods around 5
single-country,
static
15 Ukraine MPSGE, Import tariff reduction by 50% around 5
single-country,
static
16 Ukraine MPSGE, Import tariff reduction by 50% around 5

single-country,

static
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