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Abstract

This study presents new estimates of economic impacts of climate change for Italy and other countries, obtained
with a full-fledged Integrated Assessment Model (ENVISAGE), developed at the World Bank. This model is
qualitatively superior to other models used in the past for the same purpose. It is found out that climate change is
expected to reduce the Italian GDP in 2050, with respect to a reference baseline, by -0.31%. This figure is about
two times higher than previous estimates. Declining tourism demand is the main driver of negative effects on GDP,
as Italy would become less attractive as a tourist destination. By the end of the century, however, Italy would also
experience severe losses in agricultural production, due to increased temperature and reduced water availability.
Even if Italy will notably be affected by climate change, in the absence of any mitigation or adaptation effort, other
countries in the Mediterranean will experience larger economic impacts. This is the case of Spain and Middle East
— North Africa.
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1. Introduction and Motivation

Understanding the nature and consequences of climate change is at the basis of any serious mitigation or
adaptation policy. Mitigation means curbing climate change, whereas adaptation means reducing the costs of
climate change. In both cases, it is important to assess what would be the costs of inaction, that is, the economic
impact of climate change in a baseline scenario, in which no policies are implemented.

Avoiding the environmental and socio-economic damages on human health and welfare is the ultimate
justification of more stringent climate policies. The knowledge, as precise as possible, of the monetary benefits
associated with avoiding those damages indeed provides one of the crucial elements, together with costs, of the
climate policy equation. This task has been keeping environmental economists quite busy in developing
appropriate methodologies, producing the necessary data, and designing and simulating suitable climate-economy
models. As documented in the contribution of Working Group II (WGII) to the last IPCC Fourth Assessment
Report (AR4) (Parry et al., 2007), the state of the art is nowadays represented by soft-linking simulation models of
the evolution of global climate, the physical impacts of climate alterations, and the translation of those impacts into
socio-economic consequences, expressed in monetary terms.

In this context, it is important to understand that climate change will produce very different effects in several
dimensions (sea level rise, tourism, etc.), and each effect should be separately addressed and modelled in a
comprehensive framework. Furthermore, climate change will bring about very different (sometimes positive)
impacts in various regions and economic sectors. To capture this, an integrated assessment model should combine
a systemic approach with a sufficiently high level of disaggregation.

One of the chapters of the WGII volume of the IPCC AR4 was devoted to Europe, for the first time documenting a
wide range of climate impacts for the “old continent”. Climate change is expected to pose challenges to many
European economic sectors and to alter the distribution of economic activity. Table 1 reproduces one of the

Published by Canadian Center of Science and Education 27



www.ccsenet.org/jsd Journal of Sustainable Development Vol. 5, No. 5; May 2012

original AR4 tables, providing an overview of the different impacts, their presumed strength and the regional
relevance.

Table 1. Summary of main impacts of climate change in Europe (from Parry et al., 2007)
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One of the few studies which has systematically analyzed climate impacts in Europe is PESETA (Ciscar, 2009;
Van Regemorter, 2011). Five impact categories were addressed: agriculture, river floods, coastal systems, tourism,
and human health; with respect to two time horizons: the 2020s and 2080s (Notel). The EU was divided in five
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regions, including Northern Europe, British Isles, Central Europe North, Central Europe South, and Southern
Europe. This last aggregation includes Portugal, Spain, Italy, Greece, and Bulgaria.

According to both PESETA and IPCC AR4, the Mediterranean region (MED henceforth) is a hotspot for the
physical impacts of climate change (Note 2). From Table 1 it can be seen that MED will likely to be subject to
increased water stress, droughts and wildfire; reduced summer tourism, reduced agricultural productivity, reduced
hydropower; increased health risks from heat waves, increased summer energy demand, land loss in coastal zones.
The region is expected to see a drop in precipitations of 25-30% by mid-century, with a wide variation around
the mean. If rainfall on parts of the European side of MED should increase significantly, the region would
become similar to the desert in the southern shore and extended wildfire would seriously threaten the forest,
which currently cover parts of the region (Note 3).

PESETA estimates that, for agricultural yields, Southern Europe (SE) will experience already in 2020 a reduction,
unlike the rest of the continent, where the estimated average gain is around 15%. In 2080, the picture for SE is even
gloomier, with a 25% loss in the hottest scenario. While river flooding should not affect SE, this will be the case for
sea floods. In 2020 conditions for outdoor tourism will improve throughout Europe. The trend will continue in
2080 for the spring season, but in the summer touristic flows will head more towards the North at the expenses of
the MED. SE, which now accounts for half total capacity of tourist accommodation, is projected to be the only
region experiencing a decline in bed-nights. Finally, in 2020 without adaptation and acclimatization, heat waves
could provoke a toll of 25,000 extra deaths, possibly higher in SE and in Central Europe South. This figure is
poised to increase to 60,000 to 165,000 by 2080.

In PESETA, the physical impacts are valued by means of a CGE model. It is estimated that, if the climate of 2080
would occur today, the annual damage of climate change to the EU economy, in terms of GDP loss, would be
between 20 billion euros for the 2.5°C scenario and 65 billion euros for the 5.4°C scenario, with high sea level rise.
Not surprisingly, these figures hide a high variation across regions, climate scenarios and impact categories.

In order to effectively design adaptation plans and response strategies, estimates of impacts at the national, and
possibly regional and industrial level, are necessary. In September 2007, the Italian Ministry of the Environment
organized a conference in Rome, to present and discuss available evidence of climate change impacts for Italy
(Carraro, 2008). Results obtained with a CGE model, similar to the one used in PESETA, were presented there
(Eboli et al., 2008). That model accounts for impacts on health, agriculture, tourism, energy demand, sea level
rise and increased desertification. Over the period 2001-2050 the estimated annual loss of Italian GDP would be
between 0.12- 0.16% if temperature increases by 0.93°C (cumulatively 0.12-0.19%) or between 0.16-0.20% if
the increase would be +1,2°C (cumulatively 0.20-0.38%). This would translate into a welfare reduction, in 2050,
of about 20-30 billions Euro at current prices.

This work presents new estimates of economic impacts of climate change for Italy, and compares them with
those of some neighboring countries in the Mediterranean region. Quality of results is much superior to that of
the previous estimates, for various reasons. First, instead of using a static CGE model, a full-fledged dynamic
integrated assessment model, coupling a climate module with a sophisticated CGE framework, is used (Note 4).
Second, the model runs, at different time intervals, up to the year 2100, bringing about more accurate figures
when future impacts are discounted at present time. Third, additional impacts are considered, notably those on
water availability (obviously important for the MED) and heat effects on labor productivity (Note 5).

The paper is organized as follows. The next section describes the model structure and how different climate
impacts have been introduced in it. Section 3 presents the results for Italy, whereas Section 4 compares them
with those of other countries in the MED region, exploring also the distributional implications. A final section
provides some concluding remarks.

2. Model Structure: Impacts of Climate Change

Estimations of climate change impacts presented in this paper have been obtained with a special version of the
World Bank’s ENVISAGE (ENVironmental Impact and Sustainability Applied General Equilibrium) Model (van
der Mensbrugghe, 2008). Key characteristics of the model and dynamics are discussed in the Appendix.

ENVISAGE, which runs from a base year of 2004 through 2100, incorporates a wide set of impact (or damage)
functions that considerably encompass the economy-wide effects of climate change (Note 6). Following Eboli,
Parrado, and Roson (2010) the required parameters for the impacts are obtained from a number of different
sources and specific micro-sectoral studies (Roson & Sartori, 2010). Climate change impacts are introduced as
exogenous parameter variations, affecting the general equilibrium in all time steps of the recursive dynamics.
The impacts normally affect exogenous variables, like stocks of land and capital/infrastructure (e.g., in the case
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of sea level rise), or parameters, like factor or multi-factor productivity (e.g., in the case of agricultural yield). In
a few instances, for example in energy demand changes due to varying needs for cooling/heating, impacts affect
naturally endogenous variables, like household energy consumption, through shifting factors in the demand
equations.

We consider here the following climate change impacts:
. Agricultural yields

. Sea level rise

. Water availability

. Tourist arrivals

. Energy demand (cooling / heating)

. Health effects

. Heat-related labor productivity

The current version of the model does not account for other impacts, such as effects of forestry, ecosystems and
biodiversity, extreme weather and catastrophic events. We now describe how each impact has been modelled and
how parameters have been estimated.

2.1 Agriculture

Variations in agricultural yield are modelled as changes in multifactor productivity for agricultural activities.
Parameters were obtained through elaboration from data presented in the IPCC AR4 report (Easterling et al.,
2007), where a meta-analysis can be found, summarizing results from many different studies. Central values for
1, 3 and 5 degrees changes were collected for three crops (maize, wheat, rice) and for high and low latitudes
regions, to estimate parameters of a second-degree polynomial. Table 2 summarizes the central estimates for a
three 3°C variation in local mean temperature, under the scenario “with adaptation” (Note 7).

Table 2. Estimates of yield changes for 3°C degrees changes in temperature

Mid-High Latitude Low Latitude

Maize 2% -2%
Wheat 18% -1%
Rice 5% 1%

Region-specific parameters for the impact function in this study were obtained through (i) a weighted average of
crop functions, with weights given by the relative share of each crop in total regional output, as well as by the
relative allocation of each region in the two areas (high and low latitudes), and (ii) by forcing the function to be
zero for zero changes in temperature.

2.2 Sea Level Rise

Sea level rise is modelled through reductions in available stocks of capital and land. Parameters were estimated
for a static CGE model (Bosello et al., 2007) from simulation results of the DIVA model, which is also used in
the PESETA study (Vafeidis et al., 2008).

Although the effects of sea level can be dramatic in some specific areas, the amount of land and capital
endowments lost in large regions, like those considered in the present study, is generally limited. Some
exceptions are the Rest of East Asia (XEA) region, where about 0.87% of land and capital stocks are lost for 1°C
degree increase in temperature, and the Rest of South Asia (XSA), where the loss is restricted to 0.35%.

2.3 Water

Water availability affects multifactor productivity (yield) in agriculture. It is assumed that changes in
productivity depend on changes in Mean Annual Runoff (MAR) in each country, with effects depending on how
much each region is constrained by its water resources. This is estimated on the basis of the current ratio between
water demand and available surface water.

Data for MAR 2000, municipal and industrial demand, environmental flow requirements, and estimates of MAR
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2050 according to two different climate GCM models (a simple average of the two scenarios was used here), are
taken from Strzepek and Boehlert (2009). For the regional aggregation used in this study, we estimate a strong
negative effect of reduced water availability for the Middle East and North Africa (-8.13% change in agriculture
productivity for a one degree increase in temperature) and a positive effect for China (CHN), India (IND), and
Sub-Saharan Africa (SSA).

2.4 Tourism

Changes in tourism flows, due to variations in climate conditions, are modelled as adjustments in international
income transfers, to account for changes in the expenditure of incoming or outgoing tourists. Parameters for
tourism have been derived from the Hamburg Tourism Model (Hamilton et al., 2005) as described in Berrittella,
Bigano, Roson and Tol (2006). Positive income transfers are estimated for the United States (becoming, all else
equal, a more attractive tourism destination), whereas negative effects are particularly felt in African countries.

2.5 Energy Demand

A model of household energy demand by fuel type has been estimated by DeCian, Lanzi and Roson (2007) using
econometric techniques and a global panel data base. Energy demand is taken to depend, among other factors, on
seasonal average temperatures. By increasing exogenous temperatures, in all seasons, by 1°C, it is possible to
estimate the implied (long-run) change in energy demand, for electricity, gas, and oil products consumption. For
most of the regions, climate change is estimated to reduce total energy demand by households, as reduced
warming needs more than compensate the increased cooling needs. However, some regions do experience an
increase in energy demand. These are: Rest of East Asia (XEA), India (IND), Rest of South Asia (XSA) and
Brazil (BRA).

2.6 Human Health

Bosello, Roson and Tol (2006) study the economic impacts of climate-induced change in human health, viz.
cardiovascular and respiratory disorders, diarrhea, malaria, dengue fever and schistosomiasis. Changes in
morbidity and mortality are interpreted as changes in labor productivity and demand for health care and are used
to shock exogenous parameters in a CGE model including 16 regions. The same variations in labor productivity
are used here and are applied to all countries inside the same macro-region.

Changes can be both positive and negative. Positive variations of labor productivity are expected when climate
change reduces the incidence of some diseases, for example cold-related. Positive effects are estimated for China
(CHN), Russia (RUS), and other regions. Negative and significant effects, however, are estimated for
Sub-Saharan Africa (SSA), Middle East and North Africa (MNA), India (IND), Rest of South (XSA) and East
(XEA) Asia, United States (USA) and Rest of the World (XLC).

2.7 Labour Productivity

We consider the ability to work under different climate conditions. Increased temperature and humidity reduce
the labor productivity in a number of occupations, requiring open air activity. Kiellstrom, Kovats, Lloyd, Holt,
and Tol (2008) estimate the direct impact of climate change on regional labor productivity. These results have
been elaborated to get estimates of variations in labor productivity for 1°C increase in temperature and for 10
macro-regions.

Variations of labor productivity are always negative and especially significant in China (CHN), India (IND) and
in most developing countries, where the incidence of agriculture and other open-air activities is relatively larger.

3. Simulation Results: Italy vs. Rest of the World

We present the simulation results in terms of comparison between two scenarios: a business-as-usual case
without climate change impacts, and a counter-factual case where impacts are included. In both settings policy
interventions (related or unrelated to climate change) are not simulated, nor are technical changes and adaptation
measures beyond substitution processes in production and consumption.

The exercise entails two simulation runs. First, a baseline is built by running the recursive dynamic model with
endogenous capital accumulation and labor productivity, so that the model is forced to reproduce given
(econometrically estimated) scenarios of economic growth for each region. Subsequently, holding labor
productivity exogenous, climate change impacts are introduced, affecting equilibrium at all time steps, on the
basis of the damage functions described above.

Temperature variations are endogenously estimated in ENVISAGE. The global average temperature is found to
change in the 21st century by 4.87°C, reduced to 4.79°C when climate impact feedbacks are taken into account.
This figure is quite high if compared with those of the IPCC SRES scenarios (1.79°C for B1, 2.65°C for A1B,
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3.13°C for A2), but consistent with the (upward revised) recent estimates of the MIT Integrated Global Systems
Model, predicting an increase of 5.2°C with respect to pre-industrial temperature (Note 8).

Table 3 shows the variations in real GDP between the two scenarios (with and without climate change), for all
regions in the model, at a 10-years interval, from 2010 up to 2100. The regions which appear to be most
damaged by climate change are the developing ones: Rest of East Asia (XEA), Middle East and North Africa
(MNA), Sub-Saharan Africa (SSA), Rest of the World (XLC), Rest of South Asia (XSA), Brazil (BRA), India
(IND) and China (CHN). Roson and van der Mensbrugghe (2012) provide a discussion on these results,
underlying driving factors and policy implications.

Table 3. Deviations in regional real GDP

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
CHN -0,03% -0,56% -0,41% -0,44% -0,93% -1,14% -1,49% -2,13% -3,02% -4,13%
JPN -0,02% -0,10% -0,11% -0,14% -0,18% -0,14% -0,11% -0,05% 0,03% 0,13%
XEA -2,056% -5,89% -7,30% -8,71% -10,20% -10,36% -10,77% -11,44% -12,35% -13,47%
IND 0,71% 0,17% 0,05% -0,29% -1,08% -1,23% -1,67% -2,48% -3,65% -5,21%
XSA 0,30% -0,46% -0,90% -1,65% -2,63% -2,85% -3,39% -4,25% -5,38% -6,76%
CAN 0,68% 1,89% 2,80% 3,59% 4,22% 4,44% 4,13% 3,24% 1,67% -0,70%
USA -0,07% -0,23% -0,22% -0,24% -0,26% -0,07% -0,01% -0,09% -0,35% -0,86%
BRA -0,52% -1,69% -2,23% -2,85% -3,53% -3,67% -3,87% -4,21% -4,78% -5,61%
FRA 0,33% 0,58% 0,64% 0,70% 0,79% 0,81% 0,77% 0,68% 0,51% 0,29%
DEU 0,20% 0,40% 0,48% 0,57% 0,72% 0,82% 0,97% 1,15% 1,39% 1,73%
ITA 0,14% 0,10% -0,05% -0,19% 0,31% -0,42% -0,51% -0,55% -0,51% -0,35%
ESP 0,01% -0,20% -0,56% -0,86% -1,11% -1,33% -1,48% -1,56% -1,52% -1,33%
GBR 0,18% 0,38% 0,50% 0,62% 0,76% 0,88% 1,02% 1,22% 1,48% 1,87%
RUS 1,22% 3,63% 4,08% 4,20% 4,14% 4,03% 3,88% 3,67% 3,37% 2,98%
XEC 1,15% 1,18% 0,74% 0,26% -0,30% -0,50% -0,87% -1,47% -2,30% -3,39%
REU 0,31% 0,56% 0,58% 0,60% 0,61% 0,62% 0,64% 0,70% 0,84% 1,11%
SSA -0,66% -3,34% -4,67% -5,6/% -6,57% -6,41% -6,57% -7,10% -8,01% -9,22%
MNA -0,87% -2,91% -3,90% -5,06% -6,38% -6,89% -7,54% -8,28% -9,02% -9,58%
RHY -0,07% -0,42% -0,58% -0,74% -0,86% -0,79% -0,74% -0,72% -0,78% -0,90%
XLC -1,01%  -3,12% -4,17% -5,22% -6,25% -6,42% -6,70% -7,16% -7,80% -8,61%

At a global scale, European countries do not perform badly. Some countries actually benefit from the climate
change, particularly the northern ones (Germany, Great Britain and, to a smaller extent, France), whereas
Mediterranean countries — Italy and Spain —are negatively affected. Figure 1 provides a graphical representation
of changes in real GDP in Europe, highlighting the non-linear effects over time.
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Figure 1. Deviations in regional real GDP of EU countries

Eboli, Parrado and Roson (2008) conducted a similar exercise using a static CGE model (applied only at 2050)
and exogenous climate scenarios (Note 9). Those authors estimated a fall in real GDP for Italy, at 2050, of about
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0.12-0.16%, depending on the climate scenario. As seen in Table 3 the estimated reduction at 2050 stemming
from the ENVISAGE model is -0.31%, which is consistent with the much higher mean temperature variation
(Note 10). Eboli, Parrado and Roson (ibid.) also provided estimates of the annualized impact over the whole
century. However, having only one observation point (2050), they simply assumed that the damage evolved
quadratically or exponentially. In the present ENVISAGE simulation exercise we can instead trace the variation
at a much finer scale, allowing us to get a much more precise estimate (Note 11).

Table 4 presents the annualized damage in Italian real GDP obtained in the two studies, with 1% and 3%
discount rates. Results from Eboli, Parrado and Roson are kept distinct for the two climate scenarios, but
averaged for the two cases of quadratic and exponential growth.

Table 4. Annualized impacts on Italian real GDP

1% Discount rate 3% Discount rate

Eboli, Parrado and Roson (2008) - B1 Scenario 0.18% 0.13%
Eboli, Parrado and Roson (2008) - A2 Scenario 0.37% 0.21%
This study 0.18% 0.07%

Despite the higher values for the year 2050, this study produces lower estimates for the climate change impacts
in terms of real GDP. This is due to the much different time profile, with some gains for the Italian economy at
the beginning of the century, followed by losses, rising, however, less than exponentially. This implies lower
annualized values, particularly when high discount rates are adopted.

By running model simulations with a subset of exogenous shocks, it is possible to decompose the contribution of
each factor to the overall result. Figure 2 shows the variation of Italian real GDP in 2050 and 2100, obtained by
assessing, in different simulations, the effects of impacts in energy demand, sea level rise, tourism, agriculture
(including water) and labor productivity (including health).
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Figure 2. Decomposition of effects for Italian real GDP

The first bar indicates the overall deviation in real GDP as in Table 3. The second bar, which actually cannot be
distinguished, would show the variations in real GDP induced solely by changes in the consumption demand for
energy. The third bar highlights the contribution of land and capital losses due to sea level rise. The fourth bar
shows the tourism impacts. As a consequence of climate change, Italy is expected to lose some attractiveness as
a tourist destination. Given the share of tourism in the national economy, the impact is quite significant and
negative, contributing to more than -1% of real GDP in 2100. The fifth bar refers to agriculture impacts,
including variations in yield for different climate conditions and varying water availability. Interestingly, it is the
only type of impact whose sign changes during the century. It is known that limited increases of carbon dioxide
concentrations in the atmosphere may generate a fertilization effect, although there is no general consensus about
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how relevant this effect may be. For higher GHG concentrations and temperatures, however, yields are
diminished and more water is needed. Unfortunately, most regional climate models predict significant reductions
of precipitations in the Mediterranean basin. This explains why, by the end of the century, agricultural impacts on
real GDP, despite the quite low share of the agricultural sector in the Italian economy, are large and negative. The
sixth bar refers to impacts on labor productivity, including variations in working hours due to health conditions
and direct effects of heat on labor productivity. The latter effect is very small for Italy, whereas it is one of the
main impact factors in developing countries. Health effects are related to changing incidence of cold-related,
heat-related and vector-borne diseases. Again, the latter class is irrelevant for Italy. It turns out that the reduction
of cold-related diseases more than compensate the increase in heat-related diseases in the labor force, which
amounts to an increase in labor productivity and real income.

In addition to results in terms of GDP, ENVISAGE produces results about industrial production volumes,
relative prices, trade flows, consumption patterns, and several other variables. It may be interesting to see how
the productive structure of the Italian economy is supposed to vary. Figure 3 plots the changes in industrial
production volumes for the two reference years 2050 and 2100.
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Figure 3. Changes in industrial production volumes -Italy (2050, 2100)

The most dramatic effect is felt in agriculture, with physical production volumes dropping by more than 50% by
the end of the century. This effect was not highlighted in the Eboli, Parrado, and Roson (2008), as that study
stopped at 2050 and considered only mild gains in agricultural productivity. The findings for other industries are
more similar. Both studies predict lower production volumes for energy and service industries, and some
increases for manufacturing. Energy production is lower because of lower demand. On the other hand, falling
agricultural production is likely to be accompanied by rising imports of foods, to be paid through additional
exports of manufactured goods. In turn, this is made possible by a real devaluation, reducing purchasing power
and production in non-traded services.

4. Simulation Results: Italy vs. Rest of the Mediterranean

How Italy would score, in comparison with other Mediterranean countries? We contrast here results for Italy
with results obtained for two other regions: Spain, a country similar to Italy in terms of development and
representative of Northern Mediterranean, and Middle East — North Africa (MENA), a composite aggregate of
countries, representative of Southern Mediterranean (Note 12).

The variation in the real GDP in 2050 and 2100 of Spain is broadly similar to that of Italy, in terms of structure,
although some differences can be noted. If we look at the sign of the changes in the various impacts for Spain in
Figure 4 we notice that sea level rise effects are nearly absent. Another relevant difference refers to agriculture:
the GDP change due to this effect is negative both in 2050 and in 2100 and quite sizeable at the end of the
century. This impact is responsible for an overall negative impact of climate change that is larger for Spain than
for Italy.
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Figure 4. Decomposition of effects for Spanish real GDP

For MENA, the overall loss in real GDP is about six-fold in 2050 and nine-fold in 2100 relative to Spain. These
proportions should be further multiplied by a factor three, if comparison is made with Italy (see Table 3). Thus
impacts of climate change are much more severe on the southern shore of the Mediterranean, confirming that
much of the (economic) burden of climate change is likely to be felt on developing countries. In the MENA
region, individual impacts on GDP are all negative: in addition to a negative effect on agriculture, the most
serious impact is on labour productivity, but also sea level rise and tourism contribute to the drop in GDP.
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Figure 5. Decomposition of effects for Mena real GDP

These results suggest that climate change will create serious distributional issues in the world, with broader
income differences between rich and poor countries (in the Mediterranean, between northern and southern
countries). To highlight this aspect, we took results from simulations with ENVISAGE to build Gini indices of
inequality for some groups of countries (Note 13). Figure 6 present plots of these indices over time (Note 14).

For the Mediterranean, the Gini index steadily grows, confirming the widening of per-capita income differentials
in the area. The evolution of the Mediterranean index looks quite similar to the American one. Interestingly, the
analogous index built for the European Union display little growth at the beginning of the century, but later it
increases in a more than proportional way, whereas no significant distributional effects are detected for Europe at
large. Therefore, climate change is expected to widen income differences between southern and northern
Mediterranean, as well as between South and North Europe, but some convergence in income levels between
Eastern and Western Europe is also expected.
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Figure 6. Time evolution of a Gini index for groups of countries

Even for Spain and MENA it is possible to analyze how the productive structure of these economies would be
changed by climate change impacts. Figures 10 and 11 are analogous to Figure 3 and display variations in
industrial production volumes for 2050 and 2100. As it was the case for Italy, the most dramatic effect is felt in
agriculture, with physical production volumes dropping by almost 80% by the end of the century. Interestingly,
Spain is quantitatively similar to MENA as far as this impact is concerned, instead of Italy. The other similarity
worth pointing out between Spain and MENA is the loss of food production, unlike Italy. Finally, almost all
production sectors in MENA appear to be adversely affected by climate change in a non-negligible way, with the
exception of other manufacturing production and services.
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Figure 7. Chang in industrial production volumes Spain (2050, 2100)
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Figure 8. Change in industrial production volumes MENA (2050, 2100)

4. Concluding Remarks

This study presented new estimates of economic impacts of climate change for Italy and other countries,
obtained with a full-fledged Integrated Assessment Model (ENVISAGE), developed at the World Bank. This
model is qualitatively superior to other models used in the past for the same purpose, in particular to the model
used by Eboli, Parrado and Roson (2008), who carried out a similar exercise. We found out that climate change
is expected to reduce the Italian GDP in 2050, with respect to a reference baseline, by -0.31%. This figure is
about two times higher than the one estimated by Eboli, Parrado and Roson. However, as the drop in GDP, in
percentage terms, does not increase significantly over time, annualized GDP losses are lower in this study.

Declining tourism demand is the main driver of the negative effect on GDP, as Italy would become less attractive
as a tourist destination. By the end of the century, however, Italy would also experience severe losses in
agricultural production, due to increased temperature and reduced water availability.

Even if Italy will notably be affected by climate change, in the absence of any mitigation or adaptation effort,
other countries in the Mediterranean will experience larger economic impacts. This is the case of Spain, where
losses in agriculture would be pronounced, but much more so this would be the case of Middle East and
countries of the southern shore of the Mediterranean. The latter countries, as other developing countries in the
world, are likely to suffer huge losses. Without active climate policies, income differentials will widen in the
Mediterranean, but also within the European Union.
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Notes

Note 1. The study did not consider other key impacts, such as effects of forestry, ecosystems and biodiversity,
and catastrophic events.

Note 2. Indeed, the chapter on Europe of the Fifth Assessment Report due to come out in 2013 will mainly focus
on MED, recognized as an especially vulnerable region.

Note 3. It is for these reasons that representatives of seventeen MED countries met near Athens on October 22nd,
2010 to establish the Mediterranean Climate Change Initiative (MCCI), whereby they pledged to work for
“low-carbon, resource-efficient and climate-resilient” economies.

Note 4. A complete description of the model features is beyond the scope of the paper (see van der Mensbrugghe,
2008). Notable characteristics of the CGE sub-model are: AIDADS demand system, capital vintages and limited
physical capital mobility, consistency with short and long run econometric projections of macroeconomic
aggregates.

Note 5. On the other hand, desertification is not considered here. However, it was included in a rather grossly
way in the previous national study.

Note 6. Even though the climate related impacts are typically referred to as damage functions, there are sectors,
regions and time periods for which climate impacts are positive and not negative. For example, longer growing
seasons in the northern and southern latitudes will have positive impacts, and a reduction in the demand for heat
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would also be seen as positive.

Note 7. At present, estimates of climate change on agricultural productivity vary considerably, depending on
many specific assumption (see, e.g., Cline, 2007). For this reason, we prefer to rely on meta-analyses,
encompassing a wide range of models and approaches.

Note 8. See http:// globalchange.mit.edu/igsm/.

Note 9. Assumptions about climate change were based on the [IPCC SRES scenarios A2 and B1, forecasting a
change in mean temperature over the period 2001-2050 of 1.2°C and 0.93°C respectively.

Note 10 Results are much more divergent for other countries. For example, a gain was predicted for China and
India, whereas simulations with the ENVISAGE model predict a loss. This is due to a very different modeling of
impacts in agriculture, as well as to the inclusion of effects on water availability and direct impacts on labor
productivity.

Note 11. Original results are at a one year interval up to 2015, five years up to 2050, ten years afterwards.

Note 12. Ideally, one would like to make a comparison between Italy and all countries in the Mediterranean.
Available data and the model disaggregation scale do not allow us to make such a country-level analysis, though.

Note 13. A Gini index applied to an income distribution would be zero if all individuals in the sample have the
same per-capita income. In other cases, the wider income variations are, the higher the index will be.

Note 14. Acronyms as follows: MED Mediterranean, EU European Union, EUR Europe at large, ASI Asia, AME
America, AFR Africa.

Note 15. A detailed description is given in van der Mensbrugghe (2008).

Appendix: A Cursory Description of the ENVISAGE Model

The results in this paper rely on the World Bank’s Environmental Impact and Sustainability Applied General
Equilibrium (ENVISAGE) Model (Note 15). The ENVISAGE model’s core is a relatively standard recursive
dynamic global general equilibrium (CGE) model. Incorporated with the core CGE model is a greenhouse gas
(GHG) emissions module that is connected to a simple climate module that converts emissions into atmospheric
concentrations, radiative forcing and changes in mean global temperature. The climate module has feedback on
the economic model through so-called damage functions, affecting a number of parameters in the model. The
combination of the socio-economic CGE model with the climate module is commonly referred to an integrated
assessment model (IAM).

ENVISAGE is calibrated to Release 7.1 of the GTAP dataset with a 2004 base year. It has been used to simulate
dynamic scenarios through 2100. The 112 countries/regions and 57 sectors of GTAP are aggregated to a smaller
set of countries/regions and sectors to facilitate computing. In the current version of the present study the model
is run under the regional and sectoral breakdown presented in the table below.

The GTAP data is supplemented with satellite accounts that include emissions of the so-called Kyoto
gases—carbon dioxide (CO,), methane (CHy), nitrous oxide (N,0O) and hydrofluorocarbons (F-gases), different
electricity production activities (coal, oil and gas, hydro, nuclear and other), and potential land and hydro
supplies.

Within each time period a full equilibrium is achieved given the fixed regional endowments, technology and
consumer preferences. Production is modelled as a series of nested constant-elasticity-of-substitution (CES)
functions that are designed to reflect the substitution and complementarity of inputs. Unlike many standard
models, energy plays a key role as an input and is modelled as a complement to capital in the short-run but a
substitute to capital in the long run. This reflects the putty/clay specification of production that incorporates
vintage capital. The key assumption is that there is greater substitution across inputs in the long run (i.e. with
new capital) than in the short run (with old or installed) capital. One consequence of this specification is that
countries that have higher growth and higher rates of investment typically have a more flexible economy in the
aggregate. There is a single representative household that consumes goods and services, and saves. The saving
rate is partially a function of the demographic structure of the region. Savings rise as either the elderly or youth
dependency ratios fall. Investment is savings driven. Aggregate public expenditures are typically fixed as a share
of total GDP and revenues adjust to maintain fiscal balance (through a lump sum tax on households). Other
model closures for the public sector are possible.
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Table Al. Regional and industrial disaggregation of ENVISAGE model (version used here)

Acronym Region Acronym Industry
CHN China AGRIC Agriculture
JPN Japan PFOOD Processed Food
XEA Rest of East Asia COAL Coal
IND India C-OIL Crude Oil
XSA Rest of South Asia GAS Gas
CAN Canada R-OIL Refined Oil
USA United States PMM Paper, Minerals and Metals
BRA Brazil OT _MAN Other Manufacturing
FRA France COAL-E Coal Energy
DEU Germany GAS-E Gas Energy
ITA Italy HYDRO-E Hydro Energy
ESP Spain NUC-E Nuclear Energy
GBR Great Britain OTH-E Other Sources Energy
RUS Russia GAS-D Gas Distribution
XEC Rest of Europe TRANS Transportation
REU Rest of European Union SERV Services
SSA Sub-Saharan Africa
MNA Middle East and North Africa

RHY Rest of High Income (Annex I) Countries

XLC Rest of the World

Aggregate demand by sector is summed across all domestic agents and represents a composite of domestically
produced goods and imports—the so-called Armington aggregate. The aggregate Armington good is allocated
between domestic production and imports using a two-nested CES specification. The first nest allocates
aggregate demand between domestic production and an aggregate import bundle. The second nest decomposes
aggregate imports into import by region of origin. This generates a bilateral trade flow matrix. Domestic
producers are assumed to supply both domestic and export markets without friction, i.e. the law of one price
holds for domestically produced goods irrespective of their final destination. Bilateral trade is associated with
three price wedges. The first wedge reflects differences between producer prices and the border (FOB) price, i.e.
an export tax or subsidy. The second wedge reflects international trade and transport margins, i.e. the difference
between FOB and CIF prices. The third wedge reflects the difference between the CIF price and the end-user
price, i.e. import tariffs. All three wedges are fully bilateral.

Model closure is consistent with long-term equilibrium. As stated above, fiscal balance is typically maintained
through lump sum taxes on households under the assumption of fixed public expenditures (relative to GDP).
Changes in revenues, for example carbon tax revenues, imply a net decrease in household direct taxes.
Investment is savings driven. This assumption implies that changes in investment are likely to be relatively
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minor since public and foreign savings are fixed and household savings will be relatively stable relative to
income. The third closure rule is that the capital account is balanced. Ex ante changes in the trade balance are
therefore offset through real exchange rate effects. A positive rise in net transfers, for example through a cap and
trade scheme, would tend to lead to a real exchange rate appreciation.

The model dynamics are relatively straightforward. Population and labor force growth rates are based on the UN
population’s projection —with the growth in the labor force equated to the growth of the working age population
(15-64). Investment, as mentioned above, is savings driven and the latter is partially influenced by demographics.
Productivity growth in the baseline is ‘calibrated’” to achieve a target growth path for per capita
incomes—differentiated for agriculture, manufacturing and services.

Emissions of GHGs have three drivers. Most are generated through consumption of goods—either in
intermediate of final demand—for example the combustion of fossil fuels. Some are driven by the level of factor
input—for example methane produced by rice is linked to the amount of cultivated land. And the remainder is
generated by aggregate output—for example waste-based methane emissions. The climate module takes as
inputs emissions of GHGs and converts them to atmospheric concentration, then radiative forcing and finally
temperature change. The temperature change is linked back to the socio-economic model through damage
functions.
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