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1.Introduction
In 2000, Nakicenovic et al. published a set of new baseline scenarios (Special Report
on Emission Scenarios, SRES) in response to a request from IPCC to develop
reference scenarios (without explicit climate policies) (Nakicenovic, 2000). These
scenarios aimed to cover a significant portion of the possible future greenhouse gas
(GHG) emissions and their driving forces on the basis of the scenarios in the
literature. The scenarios were developed using six of different integrated assessment
models, most of them with a more-or-less physical-orientation towards the description
of the drivers of future GHG emissions (energy system models; physically oriented
integrated assessment models).Consistent with most of the existing literature, the
economic growth in most of the SRES scenarios and their regions were reported in
US dollars based on conversions using market-exchange rates (MER).

In 2003, however, the use of MER-based economic projections in SRES were subject
to criticism, primarily from Castles and Henderson (see, for example, (Castles and
Henderson, 2003b;Castles and Henderson, 2003a;Henderson, 2005). The main thrust
of this criticism is linked to the assumption made in (some of) the SRES scenarios
that relative income per capita levels across regions partially converge over the
scenario horizon. According to the critics, the per capita income should be compared
by using purchasing power parities (PPP) to more properly compare the actual welfare
levels in the different regions. By using market exchange rates, the economic activity
levels in developing (non-OECD) regions generally appear to be lower than they
actually are when measured in PPP units (as shown in Figure 1). Thus, according to
the critics, using MER to reach convergence leads to overstated economic growth in
the poorer regions in the scenarios and, as a result, excessive growth in energy
demand and emission levels.

A team of SRES researchers responded to this criticism, indicating that in their view,
the use of MER or PPP data did not in itself lead to totally different emission
projections, and that the use of PPP data was complicated (and probably still is) by
lack of data (Nakicenovic et al., 2003;Griibler et al., 2004). They further pointed to
one of the SRES scenarios based on a hybrid approach (Nakicenovic et al., 2000),
reported both in MER and PPP. Other researchers too have indicated their opinion on
this issue or explored it in a more quantitative sense (e.g. (Manne and Richels,
2003;McKibbin et al., 2004a;Holtsmark and Alfsen, 2005;Tol, 2006)

The debate on this issue could clearly be important for climate policy. Thus far, the
majority of the models used for developing greenhouse gas emission scenarios or
estimating costs levels for abatement actions, use MER-based GDP numbers as part of
their calculations. More specifically, almost all economic general equilibrium models
are MER-based. The more energy-oriented, partial equilibrium models also use MER
numbers in a majority of cases, although a few PPP-based or hybrid models also exist.
Unfortunately, despite the possible importance of the debate and the fact that the issue
can be further explored in a scientific way, the debate itself has up to now not always



been very scientific. Most of the criticism has not been published in peer-reviewed
journals, the issue has been misused by some to discredit the research on climate
change, in general, and the IPCC process, in particular. Furthermore, some of the
responses from IPCC had a defensive tone that did not contribute to furthering the
debate on the issue of which metric to use.

Fortunately, some exceptions exist. For instance, the recent Energy Modelling Forum
provided an opportunity to further elaborate the scientific questions and answers
involved. The same goes for the time devoted to the subject at [IPCC workshops on
scenario development in Amsterdam and Washington (early 2003 and early 2005) —
and also for some of the publications currently available. We are convinced that for
some aspects of this issue the final answers are still not available (Tol’s contribution
to this issue also leaves important questions open). Only by organising the debate into
scientific (sub-) questions, and analysing and exploring these, can progress be made.
In this contribution, we will try to take a few steps along this path by subdividing the
main issue into several sub-questions to see whether we can find evidence to answer
those.

In our view, the debate can be split into a few main strands:

e First of all, there is the question of whether economic development paths in
SRES are reasonable or even plausible? How do convergence assumptions
relate to this?

¢ Second, what is the right measure of economic growth in international
comparison? Are MER-based models appropriate for developing economic
scenarios?

® Third, there is the question of whether the choice of MER versus PPP as an
exchange rate metric influences the projected emission levels.

¢ Fourth, the issue of PPP versus MER may have implications for other issues
relevant to climate policy.

2. The economic growth rates in the SRES scenarios and the issue of convergence
Although not strictly a PPP-MER question, some of the criticism simply questions the
realism of some of the high economic growth rates reported in the SRES scenarios.
This issue can in turn be subdivided into two sub-questions:

e Are the economic growth rates of SRES scenarios plausible?

¢ Is convergence a meaningful assumption for future economic growth?

The economic growth rates of the SRES scenarios

Van Vuuren and O’Neill (2006) recently evaluated the assumptions of the SRES
scenarios against more recently published scenarios — and to some degree, historical
trends. Obviously, this is a limited check on plausibility — as other scenarios do not
necessarily form the “truth”. In terms of economic growth, these scenarios find the
IPCC scenarios to be somewhat more representative of high economic growth
scenarios than of low economic growth scenarios (the SRES global growth rates
between 2000 and 2015 range from 1.0-2.8% annually, while more recent projections
range from 1.2-2.3%; over the whole 2000-2100 period, the numbers are respectively
2-3% and 1.7-2.8%). The IPCC SRES growth assumptions specifically for the Latin
America-Africa-Middle East regions are, as a set, higher than most other projections.
This study does not lead to a conclusion, however, that global economic growth is
dramatically overestimated in SRES.



Using (partial) convergence as a scenario assumption

The SRES scenarios loosely mention convergence as one of the leading themes in 2 of
the 4 scenario families (in SRES, the term convergence is used more-or-less
synonymous with global integration). At the same time, the relative gap in all
scenarios between low and high income regions decreases. There is a very wide range
of literature on the question of whether income convergence is a logical attribute of
larger economic systems and whether such convergence can actually be observed in
the past. There is evidence of convergence within large regional markets, which act
more or less as a common market. Examples are the European Union and the USA
(Quah, 1996;Sala-i-Martin, 1996). Similar evidence on convergence is found within
groups of low-income countries, such as Western Africa (Sala-i-Martin, 1996;Jones,
2002). Whether convergence occurs globally is more controversial, and depends
partly on the metrics used (Ben-David, 1996;Pritchett, 1997). Over the last decades
Asia (low-income) has experienced higher growth rates than the OECD (high-income)
average. At the same time, Latin America and, in particular, Africa have not
contributed to this convergence.

While historical evidence is inconclusive, most scenarios on future economic growth
assume higher growth rates for low-income region than for high-income regions
(probably driven by globalisation assumptions). As such, the SRES scenarios are thus
more similar to examples of common practice than exceptions to such practice. The
storylines of the scenarios developed by IPCC clearly suggest convergence in at least
2 of the 4 cases. The degree of convergence, also within the total set of SRES
scenarios, is obviously open to debate. More important, the scenario growth rates need
to be elaborated and evaluated in terms of plausible pathways for the underlying
determinants of economic growth (for example, in the SRES context; see (De Vries et
al., 2000)).

On the basis of the considerations above, we should note that it would seem
reasonable for new literature to explore further what impact very low growth
scenarios or scenarios without convergence have on emissions. Such scenarios can
already be found in literature — but with diverging results.

3. The right measure of economic growth in international economic scenarios

Are economic growth rates reported in MER appropriate?

Metrics of economic growth (like any other metric) are developed for certain purposes
— and so are the three metrics normally used for expressing income levels: local
currencies, PPP and MER numbers. Of these, the most relevant metric for a specific
country are the growth numbers measured in local currencies. This is mainly because
these are prices actually observed by actors within the country — and therefore guide
their decisions and budgets. However, in an international context metrics are needed
that relate different local currencies to each other. For this purpose, the MER
methodology has traditionally been applied for a number of reasons. First of all, there
is an important pragmatic consideration; i.e. that MER numbers are observable and
therefore better available and less uncertain than alternative measures aimed at
correcting for purchasing power differences. In fact, important methodological
barriers still exist in developing a complete set of PPP based numbers covering both
the consumption and production side of the economy. Second, for many purposes



MER numbers are not only sufficient, but can also be the right choice. This is, in
particular, the case for applications where internationally tradable goods (traded in
MER) play an important role. In other cases, PPP numbers may be preferable, for
instance, if the aim is to describe welfare differences between countries in very
different stages of economic development, but also if a true measure of differences in
activity among different countries is sought.

On the question of whether PPP or MER should be employed in economic scenario
work, the debate at the moment seems to be fully open — where both theoretical and
pragmatic considerations play a role. While Castles and Henderson proposed to use
only PPP numbers , Nordhaus (2005), for instance, recommends, for principle and
practical reasons, a hybrid approach. An important pragmatic reason for Nordhaus not
to recommend full use of PPP numbers is that a full, consistent set of economic data
to run economic models (like the GTAP database) is still lacking. In the hybrid
approach, economic growth scenarios should be constructed by using regional or
national accounting MER-based figures (including growth rates) for each region, but
using PPP exchange rates for aggregating regions. Therefore, as an alternative, the
PPP rates should be updated over time by using a superlative price index, for instance,
the Tornqgvist index. In contrast, Timmer (2005) actually prefers the use of MER data
in long-term modelling. His main argument is that in a model, economic growth
should be modelled with relevant observable prices. Within a region, these are mostly
domestic prices and across regions, MER-based numbers. PPP would create another
set of prices that is not observable.

What is the cause of differences between PPP-based and MER-based income?
Interestingly enough, in the debate so far very little attention has been paid to the
cause of the difference between PPP and MER numbers. In the literature, different
reasons have been postulated for the existence of price differences between countries,
global regions and even within countries. The most commonly used theorem explains
differences in terms of productivity differences between traded goods and non-traded
goods and services. High productivity (and thus high-income levels) in traded goods
and services also leads to higher wages in labour-intensive, non-traded goods and
services and thus to relatively high prices for these goods and services. Given the fact
that these are not internationally traded, their price differences persist (this is also
called the Balassa-Samuelson hypothesis). However, there are alternative explanation
that explain differences in relation to: 1) size of the informal sector (and the
formalisation process), 2) the higher level of capital inflows, resulting in currency
appreciation, 3) relative differences in the abundance of money, 4) changes in demand
for goods and services as a function of income, which impacts the consumer price
index or 5) the impacts of protective trade policies. These different explanations will
clearly have consequences for the productivity gains possible within a country. We
would strongly favour dedicated models that provide more insight into these issues in
the context of the present debate on long-term growth potential (and consequences for
emissions). Some attempts are already being made by (McKibbin et al.,
2004a;Bagnoli, 2005).

In general

We personally feel that scientific debate on the issue of right metrics for economic
modelling still has to continue, while further research is necessary to facilitate better
and more comprehensive PPP data sets and to develop economic development models



with PPP metric to complement now predominantly models specified in MER.
Clearly, the right choice of metric (MER or PPP) in economic projections depends on
the issues one is seeking to elaborate, with MER being preferable where international
market conditions are in focus, and PPP being preferable when welfare comparisons
are the goal (at least when welfare is dominated by domestic market transactions). In
the short term, several economic projections will possibly adopt the suggestions made
by Nordhaus. Most economic models, however, are likely to continue using MER-
based configurations, if only for data availability reasons. In any case, it is important
that a consistent set of numbers is used in model construction (estimation and
calibration) and scenario development. We do not feel competent ourselves to add
much more to this debate.

4. Does the choice of MER versus PPP as exchange rate metric influence the
projected emission levels?

When it comes to the emission scenarios, the question is how a shift from MER to
PPP numbers, in combination with convergence, would change emissions in general,
and in the context of SRES, more specifically. We believe that the impact will be very
small, if any. The reason for this is that at the base level, emissions are related to
physical activities in manufacturing and the service industries, and in consumption.
These activities are usually aggregated within a country using monetary unit; a
national or regional emission coefficient is calculated by comparing base-year
emissions with base-year economic activity measures in monetary units (most models
will work with energy intensity and then a factor relating emissions to energy use,
which does not change the argument). In theory, different metrics could be used to
aggregate — and the best aggregates are those that are either most closely related to the
variable of interest (here emissions) or to other variables studied (e.g. welfare effects).
Monetary activity data seem to be most attractive in this respect.

The economic activity is then projected into the future on the basis of assumed or
modelled development in the labour force, capital stock, productivity of the input
factors, etc., as is the development of the emission coefficients. At the end of the
simulation period, these entities are combined to produce emission levels measured in
physical units. The point is that while the choice of metric for the economic activity
will clearly influence the numerical value of that activity, it will also affect the
numerical values of emission coefficients. The important factor is that consistent
metrics need to be used throughout. Small changes are possible, for a start because
calibration of the underlying model will be somewhat different — but these small
changes could go in both directions.

The argument is illustrated below using regional data for 1995 for both GDP and
energy use. Figure 2 plots the energy intensity (the ratio between energy use and
GDP) against income measured in MER (left) and PPP (right). In both cases, there
seem to be a relationship — with high-income countries having a lower ratio than low-
income countries. However, the actual values change from MER (left) to PPP (right),
with the energy intensity of developing countries dropping by a factor of 4 or so (the
difference in energy intensity between high and low income regions is in the order of
2-10 for MER numbers and in the order of 2-3 for PPP numbers). So that while
switching from MER to PPP could give different insights into possibilities for
monetary economic growth in developing regions (less "room for growth"), it also
directly changes insights into possible efficiency improvement (less efficiency



improvement possible). It is unlikely that there is a substantial change in the
assessment of total energy use by switching metrics in a consistent manner.

Nevertheless, Manne and Richels (2003), McKibben et al. (2004a;McKibbin et al.,
2004b) and Dixon and Rimmer (2005) have, in their modelling work, found some
differences in emission levels between using PPP and MER-based estimates, as a
result of counteracting influences in their models. Detailed analysis of their work
shows that these results critically depend on the interpretation of convergence
assumptions made in SRES. More importantly, not all relationships within the model
seem to have been adjusted for the switch in metrics. Manne and Richels (2003)
change their model from MER to PPP by, first of all, decreasing the economic growth
rates of developing countries. This automatically slows down some of the efficiency
improvements, as their equation for autonomous efficiency improvement includes
GDP growth as one constituent. However, as far as we understand it, no further
changes are made; all fundamental model relationships have in fact been calibrated on
MER data. McKibben et al. (2004a;McKibbin et al., 2004b) does more-or-less the
opposite by running a PPP-based model on the basis of adjusted economic growth
rates.

In their simple theoretical model, Holtsmark and Alfsen (2005) showed that consistent
replacement of the metric for economic activities (PPP for MER) — for income levels
and for underlying technology relationships — leads to a full cancellation of the impact
of metric choice on projected emission levels. While using PPP values might give rise
to lower economic growth rates for developing countries under the convergence
assumption — it will also have an impact on the relationship between income and
demand for energy, with lower economic growth leading to slower improvements in
energy intensities.

Finally, it should be noted that in the comparison of PPP-based (e.g. POLES/IEA) to
MER-based models in the literature no fundamental difference in emission growth
rates is observed; this is consistent with our view that if a consistent calibration is
used, no fundamental difference is found. In physical terms (e.g. energy per capita)
the pathways depicted by SRES also do not seem implausible.

Clearly, a switch from PPP to MER numbers will require changes in the model for a
large number of aspects (technology improvement, elasticities etc. etc.). In our view,
it would be a useful exercise to see whether this can be done consistently in different
types of models.

5. PPP and MER and other issues relevant to climate policy: Mitigation and
adaptation potential

Tol (2006) provides an important extension to the literature by raising the problem of
how to assess the mitigation and adaptation potentials of countries. This clearly
depends on the state of the economy, and as we have seen, on the kind of metric used
to compare and aggregate regions. Furthermore, mitigation and adaptation, in
particular in developing countries, may to a degree depend on access to goods and
services traded on the world market in addition to domestic resources. The size of the
economy measured in MER gives an indication of the purchasing power of the
economy on the world markets, while PPP is best suited to assessing the domestic
resource base.



A crucial question for mitigation is whether mitigation technology will be developed
locally or will be traded at international markets. The consequences for prices could
be large. Examples of both cases exist: windmills in India will typically be locally
produced. On the other hand, PV cells in projects in developing countries will often
be bought on international markets. Furthermore, conventional power plants can be
more costly in developing countries because they include major components bought at
international prices even though some of the components and labour costs are local
and thus lower.

Similar difficult questions could apply to impact studies. While studying the impact of
climate change (and climate change policy) in North Scandinavia, for instance,
impacts on oil and gas industries should be in MER as nearly all oil and gas is
exported — while other more domestic impacts might be better captured by PPP. The
exact ratio for converting impacts (for comparison with other regions) thus may
depend on the distribution of impacts across tradable and non-tradable goods. It is
therefore difficult at this stage to provide clear guidance on what to use in cases where
mitigation and adaptation is at the core of studies.

To some degree, again, consistent replacement of all model parameters is likely to
lead to cancellation of the impacts of a PPP-MER switch. To what degree is
something that needs to be explored.

Conclusions and discussions

In this contribution, we have tried to entangle the debate on how exchange rates
influence emission scenarios in various separate issues — all of which can be explored
further. We agree with Tol’s conclusion (2006) that the influence of exchange rates is
a result of model imperfections — and that in an ideal, country-level model the choice
of exchange rate should not impact the outcomes. We also agree that, as some of the
questions posed in this paper can still not be answered, the issue of how to deal with
exchange rates is a relevant one. On the most important issue, i.e. the impact of
exchange rates on emission scenarios, we are convinced that using PPP-based values
instead of MER-based values would at most only mildly change results in terms of
physical parameters, such as energy use or greenhouse gas emissions measured in
physical units. Important questions remaining are the impact of this debate on long-
term economic scenarios (thus the income numbers; not emissions), and how to
develop modelling tools and datasets that are able to work on a PPP basis. Tol (2006)
points out that the PPP-MER choice may be more important when it comes to
studying future mitigation and adaptation possibilities in various regions, but further
research is clearly required here.

To end our contribution, we also want to bring this issue into the proper perspective.
Long-term scenarios are by definition beset by uncertainties and simplification — and
the assumptions made by modellers on some of these can have a very large influence
on their outcomes for global emissions, mitigation potential and thus on adaptation
possibilities. This includes such factors as choice of technology, structural changes in
future economies and societal preferences. SRES shows that the difference in
technology assumptions alone may result in more than a 300% difference in 2100
emissions (in A1T versus A1FI scenario) and a similar range for assumptions on
structural change (in the B1 versus Alb scenario). These are impacts that go clearly



beyond even the largest estimates of the exchange rate substitution. While we have
argued that some issues related to PPP-MER deserve further attention, at the same
time, we hope that this can be done within the proper context.
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Figure 1: Regional GDP per capita numbers in MER and PPP on the basis of World
Bank data aggregated to 17 global regions. The left y-axis and columns compare
absolute data, while the right y-axis and line graph compare ratio between PPP and
MER data.

10



Energy intensity ($/MJ)

MER-based

T T
20000 30000
Income ($/capita)

T
10000

Energy intensity (MJ/$)

90+
80+
704

60

ppp-based

T T T
20000 30000 40000

Income ($/capita)

Figure 2: Energy intensity versus income levels for 17 World Regions (1995 data)
based on MER and PPP based GDP numbers. The lines indicate the suggested relation
(for 1995) between income and energy intensity. The change of metric does not only
influence the interpretation of growth rates for income convergence, but also the
growth rates for energy intensity convergence.
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