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1. Introduction and M otivation

Understanding the nature and consequences ofteliol@nge is at the basis of any
serious mitigation or adaptation policy. Mitigatiomeans curbing climate change, whereas
adaptation means reducing the costs of climategghdn both cases, it is important to assess
what would be the costs of inaction, that is, tkenemic impact of climate change in a
baseline scenario, in which no policies are implet@e.

Avoiding the environmental and socio-economic dgesaon human health and
welfare is the ultimate justification of more stggent climate policies. The knowledge, as
precise as possible, of the monetary benefits adsdcwith avoiding those damages indeed
provides one of the crucial elements, together witis, of the climate policy equation. This
task has been keeping environmental economists duisy in developing appropriate
methodologies, producing the necessary data, asigrdeg and simulating suitable climate-
economy models. As documented in the contributioworking Group Il (WGII) to the last
IPCC Fourth Assessment Report (AR4) (Parry, Camzialutikof, van der Linden, and
Hanson, 2007), the state of the art is nowaday®septed by soft-linking simulation models
of the evolution of global climate, the physical patts of climate alterations, and the

translation of those impacts into socio-economitseguences, expressed in monetary terms.

In this context, it is important to understandttoblmate change will produce very
different effects in several dimensions (sea les&, tourism, etc.), and each effect should be
separately addressed and modelled in a compreleefsimework. Furthermore, climate
change will bring about very different (sometimeassigive) impacts in various regions and
economic sectors. To capture this, an integratedsasnent model should combine a systemic
approach with a sufficiently high level of disagggéon.

One of the chapters of the WGII volume of the IPERA was devoted to Europe, for
the first time documenting a wide range of climmbgacts for the “old continent”. Climate
change is expected to pose challenges to many &amopconomic sectors and to alter the
distribution of economic activity. Table 1 reprodacone of the original AR4 tables,
providing an overview of the different impacts, ithpresumed strength and the regional

relevance.



Table 1 — Summary of Main Impacts of Climate Chandgeurope (from Parry et al., 2007)

Sectors and Area
Systems Impact North Atlantic Central Mediterr. East
Floods bl L Ll & bl
Water resources  Water availability Tt Tt 4 Ll Ll
Water stress 7 Ll + Ll Ll
Beach, dune: low-lying coast erosional 'coastal squeeze' il bl na il Ll
SLR- and surge-driven flooding b b na b bl
River sediment supply to estuaries and deltas b & na Ll &
Coastal and Saltwater intrusion to aquifers 4 4 na bl &
marine systems  Northward migration of marine biota t 1t na 1t t
Rising S5Ts, eutrophication and stress on biosystems Ll L na L i
Development of ICZM 1 1t na 1 t
Deepening and langer inshore waters T T na T Tt
Glacier retreat e 4 il Ll Ll
) Duration of snow cover e il il Ll Ll
SR Permafrost retreat 1 i I3 na 1
cryosphere Tree line upward shift 1t 11 11 T 1t
Nival species losses Ll Ll il Ll Ll
Forest NPP Tt Tt ttod & tTtod
Forest, Northward/inland shift of tree species Tt bl Tt ttod L
shrublands and Stability of forest ecosystems 1l i i il il
grasslands Shrublands NFP Tt 1t t 4l 14
Matural disturbances (e.q., fire, pasts, wind-storm) i I I Ll L
Grasslands NPP ™ T tiod il T
Drvingftransformation of wetlands i 4 4 Ll bl
Wetlapds L Species diversity ttol t 7 b 4
aquatic Eutrophication il "W u Wi i
ecosystems Disturbance of drained peatlands L i L na 4l
Plants 4 L Lh LMt il i
Amphibians Ll il " l::{{ggﬁ Tt
- . LLL(BW)
Biodiversity Reptiles 4 i (i +1(SE) e
Marine marmmals R ?? na Ll ”
Low-lying coastal birds il Ll na Ll 7?
Freshwater biodiversity ttod 29 29 il 29
Suitable cropping area Tt T T b 4
Agricultural land area 4 i i 4 L
Summer crops (maize, sunflower) Tt Tt T Ll L
Agriculture and Winter crops (winter wheat) Tt T tto b 4l t
E— Irrigation nesds na ttod i Ll i
Energy crops Tt Tt t s i
Livestock ttold 4 Ll il Ll
Marine fisheries Tt t na i na
Energy supply and distribution T Tt t i t
Energy and Winter energy demand i) bl t T T
transport Summer energy demand i i 1l il il
Transport T 13 13 13 T
Tourism Winter (including ski) tourism i & bl Tt b
Summer tourism T Tt T 4 T
Property Flooding claims 7? b Ll 7? 7?
insurance Storms claims { Ll Ll ?? 7?
Heat-related mortality/morbidity { e i Wi e
Cold-related mortality/morbidity T T ™ T T
Health effects of flooding 4 i Ll 4l 4
Human health Vector-borne diseases 1 i i I iy
Food safetyMWater-borne diseases 1 i 1 1l 1l
Atopic diseases, due to aeroallergens 1 1 1 1 1

Scoring has taken into account: a) geographical extent of impact/mumber of people exposad; b) intensity and severity of impact. The projected magnitude of
impact increasas with the number of arrows (one to three). Type of impact: positive (Upward, blug); negative (downward, red); a change inthe type of impact
during the course of the century is marked with o’ between arows. na=not applicable; ??=insufficient information; North=boreal and Arctic; Central, Atlartic
and Mediterranean as in Figure 12.3, including their mountains; East=steppic Russia, the Caucasus and the Caspian Sea; Mi=Mountains; SW=5Southwest;

SE=Southaast; SLR=Sea-Level Rise; ICZM=Integrated Coastal Zone Management; SST=Sea-Surface Temperaturs; NPP=Net Primary Productivity.




One of the few studies which has systematicallyyaed climate impacts in Europe is
PESETA (Ciscar, 2009; Van Regemorter, 2011). Fimpact categories were addressed:
agriculture, river floods, coastal systems, touriamd human health; with respect to two time
horizons: the 2020s and 20803he EU was divided in five regions, including Neetn
Europe, British Isles, Central Europe North, CdriEtarope South, and Southern Europe. This
last aggregation includes Portugal, Spain, ItakgeGe, and Bulgaria.

According to both PESETA and IPCC AR4, the Meddaagan region (MED
henceforth) is a hotspot for the physical impadtslinate changé.From Table 1 it can be
seen that MED will likely to be subject to incredseater stress, droughts and wildfire;
reduced summer tourism, reduced agricultural prindtic reduced hydropower; increased
health risks from heat waves, increased summemggrdgmand, land loss in coastal zones.
The region is expected to see a drop in precipitatof 25-30% by mid-century, with a wide
variation around the mean. If rainfall on partstlué European side of MED should increase
significantly, the region would become similar toetdesert in the southern shore and
extended wildfire would seriously threaten the $brewvhich currently cover parts of the
region®

PESETA estimates that, for agricultural yields, theun Europe (SE) will experience
already in 2020 a reduction, unlike the rest ofdbstinent, where the estimated average gain
is around 15%. In 2080, the picture for SE is egomier, with a 25% loss in the hottest
scenario. While river flooding should not affect,Skis will be the case for sea floods. In
2020 conditions for outdoor tourism will improvedlighout Europe. The trend will continue
in 2080 for the spring season, but in the summeridgtc flows will head more towards the
North at the expenses of the MED. SE, which nowants for half total capacity of tourist
accommodation, is projected to be the only regigpedencing a decline in bed-nights.
Finally, in 2020 without adaptation and acclimati@a, heat waves could provoke a toll of
25,000 extra deaths, possibly higher in SE andeinti@l Europe South. This figure is poised
to increase to 60,000 to 165,000 by 2080.

The study did not consider other key impactshsag effects of forestry, ecosystems and biodiyerand
catastrophic events.

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

It is for these reasons that representativeswrieen MED countries met near Athens on Octobed 2
2010 to establish the Mediterranean Climate Chamigiative (MCCI), whereby they pledged to work for
“low-carbon, resource-efficient and climate-resitieeconomies.



In PESETA, the physical impacts are valued by rmedra CGE model. It is estimated
that, if the climate of 2080 would occur today, #mual damage of climate change to the EU
economy, in terms of GDP loss, would be betweehil®n euros for the 2.5°C scenario and
65 billion euros for the 5.4°C scenario, with hgga level rise. Not surprisingly, these figures

hide a high variation across regions, climate sees@and impact categories.

In order to effectively design adaptation plans agsponse strategies, estimates of
impacts at the national, and possibly regionaliaddstrial level, are necessary. In September
2007, the Italian Ministry of the Environment orgaed a conference in Rome, to present and
discuss available evidence of climate change inspémt Italy (Carraro, 2008). Results
obtained with a CGE model, similar to the one usedESETA, were presented there (Eboli,
Parrado, and Roson, 2008). That model accountsnijoacts on health, agriculture, tourism,
energy demand, sea level rise and increased desgidn. Over the period 2001-2050 the
estimated annual loss of Italian GDP would be betw@.12- 0.16% if temperature increases
by 0.93°C (cumulatively 0.12-0.19%) or between €0180% if the increase would be +1,2°C
(cumulatively 0.20-0.38%). This would translateoir welfare reduction, in 2050, of about

20-30 billions Euro at current prices.

This work presents new estimates of economic ingpaictlimate change for Italy, and
compares them with those of some neighboring cammtin the Mediterranean region.
Quiality of results is much superior to that of gnevious estimates, for various reasons. First,
instead of using a static CGE model, a full-fledgshamic integrated assessment model,
coupling a climate module with a sophisticated Gi&nework, is used.Second, the model
runs, at different time intervals, up to the yed0@, bringing about more accurate figures
when future impacts are discounted at present firhigd, additional impacts are considered,
notably those on water availability (obviously innfamt for the MED) and heat effects on

labor productivity’

The paper is organized as follows. The next sed®stribes the model structure and
how different climate impacts have been introduced. Section 3 presents the results for

4 Acomplete description of the model featuresdgond the scope of the paper (see van der Mengibeug

2008). Notable characteristics of the CGE sub-mad&l AIDADS demand system, capital vintages and
limited physical capital mobility, consistency wihort and long run econometric projections of
macroeconomic aggregates.

On the other hand, desertification is not congiddere. However, it was included in a rather glyosay in
the previous national study.



Italy, whereas Section 4 compares them with thdsetleer countries in the MED region,
exploring also the distributional implications. Andl section provides some concluding

remarks.

2. Model Sructure: Impacts of Climate Change

Estimations of climate change impacts presentédisnpaper have been obtained with
a special version of the World Bank’s ENVISAGE (Eibhmental impact and
Sustainability _Applied General _Euilibrium) Model (van der Mensbrugghe, 2008). Key
characteristics of the model and dynamics are dgamliin the Appendix.

ENVISAGE, which runs from a base year of 2004 tgto2100, incorporates a wide
set of impact (or damage) functions that considgrabcompass the economy-wide effects of
climate changé Following Eboli, Parrado, and Roson (2010) thguneed parameters for the
impacts are obtained from a number of differentreesi and specific micro-sectoral studies
(Roson and Sartori, 2010). Climate change impa&srdaroduced as exogenous parameter
variations, affecting the general equilibrium i tahhe steps of the recursive dynamics. The
impacts normally affect exogenous variables, likeclss of land and capital/infrastructure
(e.g., in the case of sea level rise), or pararagli&e factor or multi-factor productivity (e.g.,
in the case of agricultural yield). In a few instag, for example in energy demand changes
due to varying needs for cooling/heating, impadtsca naturally endogenous variables, like

household energy consumption, through shiftingoiacin the demand equations.
We consider here the following climate change ingac

* Agricultural yields

* Sealevelrise

* Water availability

* Tourist arrivals

* Energy demand (cooling / heating)

+ Health effects

® Even though the climate related impacts are #lfyicreferred to as damage functions, there aréosec

regions and time periods for which climate impaate positive and not negative. For example, longer
growing seasons in the northern and southern de#uwvill have positive impacts, and a reductiorthi@
demand for heat would also be seen as positive.



» Heat-related labor productivity

The current version of the model does not accaambther impacts, such as effects of
forestry, ecosystems and biodiversity, extreme e¥atind catastrophic events. We now
describe how each impact has been modelled angohameters have been estimated.

2.1 Agriculture

Variations in agricultural yield are modelled asefes in multifactor productivity for
agricultural activities. Parameters were obtairt@dugh elaboration from data presented in
the IPCC AR4 report (Easterling, Aggarwal, BatinBxander, Erda, Howden, Kirilenko,
Morton, Soussana, Schmidhuber, and Tubiello, 20@%gre a meta-analysis can be found,
summarizing results from many different studiesniGd values for 1, 3 and 5 degrees
changes were collected for three crops (maize, twhie@) and for high and low latitudes
regions, to estimate parameters of a second-dgguBmomial. Table 2 summarizes the
central estimates for a three 3° C variation inalomean temperature, under the scenario

“with adaptation”’

Table 2 — Estimates of Yield Changes for 3°C Deg@®anges in Temperature

Mid-High Latitude Low Latitude
Maize 2% -2%
Wheat 18% -1%
Rice 5% 1%

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

temperature.
2.2 Sea Levd Rise

Sea level rise is modelled through reductions iailalsle stocks of capital and land.

" At present, estimates of climate change on aluicl productivity vary considerably, dependingroany

specific assumption (see, e.g., Cline, 2007). Risrreason, we prefer to rely on meta-analyses,
encompassing a wide range of models and approaches.



Parameters were estimated for a static CGE modasgl®, Roson, and Tol, 2007) from
simulation results of the DIVA model, which is alssed in the PESETA study (Vafeidis,
Nicholls, McFadden, Tol, Hinkel, Spencer, GrashBfipt, and Klein, 2008).

Although the effects of sea level can be dramatisome specific areas, the amount of
land and capital endowments lost in large regitke,those considered in the present study,
is generally limited. Some exceptions are the Ré&ast Asia (XEA) region, where about
0.87% of land and capital stocks are lost for 1&8@rde increase in temperature, and the Rest
of South Asia (XSA), where the loss is restricte®135%.

2.3 Water

Water availability affects multifactor productivifyield) in agriculture. It is assumed
that changes in productivity depend on changes @arMAnnual Runoff (MAR) in each
country, with effects depending on how much eacfjiore is constrained by its water
resources. This is estimated on the basis of tmeemuratio between water demand and

available surface water.

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

2.4 Tourism

Changes in tourism flows, due to variations in elienconditions, are modelled as
adjustments in international income transfers, dooant for changes in the expenditure of
incoming or outgoing tourists. Parameters for temrihave been derived from the Hamburg
Tourism Model (Hamilton, Maddison, and Tol, 200%) described in Berrittella, Bigano,
Roson, and Tol (2006). Positive income transfers astimated for the United States
(becoming, all else equal, a more attractive touriestination), whereas negative effects are

particularly felt in African countries.

2.5 Energy Demand



A model of household energy demand by fuel type leen estimated by DeCian,
Lanzi and Roson (2007) using econometric techniguesa global panel data base. Energy
demand is taken to depend, among other factorsseaisonal average temperatures. By
increasing exogenous temperatures, in all seaspng,°C, it is possible to estimate the
implied (long-run) change in energy demand, forcteleity, gas, and oil products
consumption. For most of the regions, climate ckaisgestimated to reduce total energy
demand by households, as reduced warming needs tnanecompensate the increased
cooling needs. However, some regions do experiancacrease in energy demand. These
are: Rest of East Asia (XEA), India (IND), RestSwuth Asia (XSA) and Brazil (BRA).

2.6 Human Health

Bosello, Roson, and Tol (2006) study the economjgaicts of climate-induced change
in human health, viz. cardiovascular and respiyatiisorders, diarrhea, malaria, dengue fever
and schistosomiasis. Changes in morbidity and riyri@e interpreted as changes in labor
productivity and demand for health care and arel useshock exogenous parameters in a
CGE model including 16 regions. The same variatiarabor productivity are used here and

are applied to all countries inside the same maegmn.

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

2.7 Labour Productivity

We consider the ability to work under different nadite conditions. Increased
temperature and humidity reduce the labor proditgtiac a number of occupations, requiring
open air activity. Kiellstrom, Kovats, Lloyd, Holind Tol (2008) estimate the direct impact of
climate change on regional labor productivity. Thessults have been elaborated to get
estimates of variations in labor productivity féIClincrease in temperature and for 10 macro-

regions.



Variations of labor productivity are always negatand especially significant in China
(CHN), India (IND) and in most developing countriggere 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 campa between two scenarios: a
business-as-usual case without climate change is\pand a counter-factual case where
impacts are included. In both settings policy imettions (related or unrelated to climate
change) are not simulated, nor are technical clsaragyel adaptation measures beyond

substitution processes in production and consumptio

The exercise entails two simulation runs. Firsthaseline is built by running the
recursive dynamic model with endogenous capitabmedation and labor productivity, so
that the model is forced to reproduce given (ecastaoally estimated) scenarios of
economic growth for each region. Subsequently, ihgldabor productivity exogenous,
climate change impacts are introduced, affectingliégium at all time steps, on the basis of

the damage functions described above.

Temperature variations are endogenously estimatedENVISAGE. The global
average temperature is found to change in the &#ury by 4.87°C, reduced to 4.79°C
when climate impact feedbacks are taken into adcdums figure is quite high if compared
with those of the IPCC SRES scenarios (1.79°C fthrB65°C for A1B, 3.13°C for A2), but
consistent with the (upward revised) recent esesaif the MIT Integrated Global Systems

Model, predicting an increase of 5.2°C with respiegire-industrial temperatufe.

Table 3 shows the variations in real GDP betweertlo scenarios (with and without
climate change), for all regions in the model, dtOayears interval, from 2010 up to 2100.
The regions which appear to be most damaged byatdirohange are the developing ones:
Rest of East Asia (XEA), Middle East and North A&i(MNA), Sub-Saharan Africa (SSA),
Rest of the World (XLC), Rest of South Asia (XSAyazil (BRA), India (IND) and China
(CHN). Roson and van der Mensbrugghe (2010) prowddiscussion on these results,

underlying driving factors and policy implications.

8 See http:// globalchange.mit.edu/igsm/.
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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% -0,06% -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% -5,05% -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 perfbadly. Some countries actually
benefit from the climate change, particularly tlegthern ones (Germany, Great Britain and,
to a smaller extent, France), whereas Mediterrangamtries — Italy and Spain —are
negatively affected. Figure 4 provides a graphregkesentation of changes in real GDP in

Europe, highlighting the non-linear effects ovendi

Figure 4 — Deviations in Regional Real GDP of EUuBwies
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Eboli, Parrado and Roson (2008) conducted a sineik@rcise using a static CGE
model (applied only at 2050) and exogenous clinsaenarios. Those authors estimated a
fall in real GDP for Italy, at 2050, of about 0.02t6%, depending on the climate scenario. As
seen in Table 3 the estimated reduction at 2050mteg from the ENVISAGE model is -
0.31%, which is consistent with the much higher mieanperature variatiof!.Eboli, Parrado
and Roson (ibid.) also provided estimates of theuahzed impact over the whole century.
However, having only one observation point (2056gy simply assumed that the damage
evolved quadratically or exponentially. In the getsENVISAGE simulation exercise we can
instead trace the variation at a much finer scallewing us to get a much more precise

estimatet!

Table 4 presents the annualized damage in Itakah GDP obtained in the two
studies, with 1% and 3% discount rates. Results fEboli, Parrado and Roson are kept
distinct for the two climate scenarios, but avedader the two cases of quadratic and

exponential growth.

Table 4 — Annualized Impacts on Italian Real GDP

1% Discount 3% Discount rate
rate
Eboli, Parrado and Ros 0.18% 0.13%
(2008) - B1 Scenario
Eboli, Parrado and Ros 0.37% 0.21%
(2008) — A2 Scenario
This study 0.18% 0.07%

Despite the higher values for the year 2050, thislysproduces lower estimates for
the climate change impacts in terms of real GDRs T due to the much different time
profile, with some gains for the Italian economytta beginning of the century, followed by

losses, rising, however, less than exponentiallyis Timplies lower annualized values,

®  Assumptions about climate change were basedeoPBC SRES scenarios A2 and B1, forecasting agehan

in mean temperature over the period 2001-205025{CLand 0.93°C respectively.

10 Results are much more divergent for other coumtfi®r example, a gain was predicted for Chinaladi,
whereas simulations with the ENVISAGE model predidbss. This is due to a very different modelifig o
impacts in agriculture, as well as to the inclusidreffects on water availability and direct impaon labor
productivity.

11 Original results are at a one year interval upG5? five years up to 2050, ten years afterwards.
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particularly when high discount rates are adopted.

By running model simulations with a subset of exwges shocks, it is possible to
decompose the contribution of each factor to therall/result. Figure 5 shows the variation
of Italian real GDP in 2050 and 2100, obtained bgeasing, in different simulations, the
effects of impacts in energy demand, sea leve] teism, agriculture (including water) and
labor productivity (including health).

Figure 5 — Decomposition of Effects for Italian REDP
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The first blue bar indicates the overall deviatiomeal GDP as in Table 3. The second
bar, which actually cannot be distinguished, washdw the variations in real GDP induced
solely by changes in the consumption demand forggn&he third yellow bar highlights the
contribution of land and capital losses due tolsgal rise. The fourth green bar shows the
tourism impacts. As a consequence of climate chaifigéy is expected to lose some
attractiveness as a tourist destination. Giverstiae of tourism in the national economy, the
impact is quite significant and negative, contribgtto more than -1% of real GDP in 2100.
The fifth purple bar refers to agriculture impadts;luding variations in yield for different
climate conditions and varying water availabililyterestingly, it is the only type of impact
whose sign changes during the century. It is kntlvat limited increases of carbon dioxide
concentrations in the atmosphere may generatetifizédion effect, although there is no
general consensus about how relevant this effegtbmaFor higher GHG concentrations and
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temperatures, however, yields are diminished antemater is needed. Unfortunately, most
regional climate models predict significant redoies of precipitations in the Mediterranean
basin. This explains why, by the end of the centagyicultural impacts on real GDP, despite
the quite low share of the agricultural sectorha ttalian economy, are large and negative.
The sixth cyan bar refers to impacts on labor petidity, including variations in working
hours due to health conditions and direct effettseat on labor productivity. The latter effect
is very small for Italy, whereas it is one of th@imimpact factors in developing countries.
Health effects are related to changing incidenceotd-related, heat-related and vector-borne
diseases. Again, the latter class is irrelevantitidy. It turns out that the reduction of cold-
related diseases more than compensate the indgrebsat-related diseases in the labor force,

which amounts to an increase in labor productigitg real income.

In addition to results in terms of GDP, ENVISAGEoguces results about industrial
production volumes, relative prices, trade flowensumption patterns, and several other
variables. It may be interesting to see how thelpctve structure of the Italian economy is
supposed to vary. Figure 6 plots the changes iansimicl production volumes for the two

reference years 2050 and 2100.

Figure 6 — Changes in Industrial Production Volurakéaly (2050, 2100)
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The most dramatic effect is felt in agriculture,ttwphysical production volumes

dropping by more than 50% by the end of the cenflinis effect was not highlighted in the
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Eboli, Parrado, and Roson (2008), as that studypst at 2050 and considered only mild
gains in agricultural productivity. The findingsrfother industries are more similar. Both
studies predict lower production volumes for enemgyd service industries, and some
increases for manufacturing. Energy productionoiselr because of lower demand. On the
other hand, falling agricultural production is like¢o be accompanied by rising imports of
foods, to be paid through additional exports of ofactured goods. In turn, this is made
possible by a real devaluation, reducing purchagioger and production in non-traded

services.

4. Simulation Results: Italy vs. Rest of the M editerranean

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

The variation in the real GDP in 2050 and 2100 jgdi8 is broadly similar to that of
Italy, in terms of structure, although some diffezes can be noted. If we look at the sign of
the changes in the various impacts for Spain i@ we notice that sea level rise effects
are nearly absent. Another relevant differencersefe agriculture: the GDP change due to
this effect is negative both in 2050 and in 2108 goite sizeable at the end of the century.
This impact is responsible for an overall negatimpact of climate change that is larger for

Spain than for Italy.

12 1deally, one would like to make a comparison teswItaly and all countries in the Mediterranearailable
data and the model disaggregation scale do navaitoto make such a country-level analysis, though.
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Figure 7 — Decomposition of Effects for Spanishl 2P
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For MENA, the overall loss in real GDP is about-fald in 2050 and nine-fold in

2100 relative to Spain. These proportions shouldubiaer multiplied by a factor three, if
comparison is made with Italy (see Table 3). Thmpacts of climate change are much more
severe on the southern shore of the Mediterrarmanfirming that much of the (economic)
burden of climate change is likely to be felt orveleping countries. In the MENA region,
individual impacts on GDP are all negative: in &iddi to a negative effect on agriculture, the
most serious impact is on labour productivity, aiso sea level rise and tourism contribute to
the drop in GDP.
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Figure 8 — Decomposition of Effects for MENA ReBIFG
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These results suggest that climate change wiltersarious distributional issues in the
world, with broader income differences between riahd poor countries (in the
Mediterranean, between northern and southern deghtiTo highlight this aspect, we took
results from simulations with ENVISAGE to build Gindices of inequality for some groups
of countries'® Figure 9 present plots of these indices over fifne.

For the Mediterranean, the Gini index steadily ggp@onfirming the widening of per-
capita income differentials in the area. The evolubf the Mediterranean index looks quite
similar to the American one. Interestingly, the lagaus index built for the European Union
display little growth at the beginning of the camfubut later it increases in a more than
proportional way, whereas no significant distribnal effects are detected for Europe at
large. Therefore, climate change is expected temwiticome differences between southern
and northern Mediterranean, as well as betweenhSand North Europe, but some
convergence in income levels between Eastern arstieVvieEurope is also expected.

13 A Gini index applied to an income distributionwit be zero if all individuals in the sample hake same
per-capita income. In other cases, the wider inceanations are, the higher the index will be.

14 Acronyms as follows: MED Mediterranean, EU EurapéJnion, EUR Europe at large, ASI Asia, AME
America, AFR Africa.
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Figure 9 — Time evolution of a Gini index for greugf countries
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Even for Spain and MENA it is possible to analyzevhithe productive structure of
these economies would be changed by climate changacts. Figures 10 and 11 are
analogous to Figure 6 and display variations irugtdal production volumes for 2050 and
2100. As it was the case for Italy, the most draeretfect is felt in agriculture, with physical
production volumes dropping by almost 80% by the ehthe century. Interestingly, Spain is
quantitatively similar to MENA as far as this impag concerned, instead of Italy. The other
similarity worth pointing out between Spain and M&N the loss of food production, unlike
Italy. Finally, almost all production sectors in IME appear to be adversely affected by
climate change in a non-negligible way, with theeption of other manufacturing production

and services.
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Figure 10 — Changes in Industrial Production VolgmeSpain (2050, 2100)
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Figure 11 — Changes in Industrial Production VolereMENA (2050, 2100)
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4. Concluding Remarks

This study presented new estimates of economicdtapat climate change for Italy
and other countries, obtained with a full-fledgategrated Assessment Model (ENVISAGE),

developed at the World Bank. This model is qualiedy superior to other models used in the
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past for the same purpose, in particular to the ehoded by Eboli, Parrado and Roson
(2008), who carried out a similar exercise. We tbwnt that climate change is expected to
reduce the Italian GDP in 2050, with respect tefarence baseline, by -0.31%. This figure is
about two times higher than the one estimated hytiEHParrado and Roson. However, as the
drop in GDP, in percentage terms, does not increggaficantly over time, annualized GDP
losses are lower in this study.

Declining tourism demand is the main driver of tlegative effect on GDP, as ltaly
would become less attractive as a tourist destinaBy the end of the century, however, Italy
would also experience severe losses in agriculppn@aduction, due to increased temperature
and reduced water availability.

Even if Italy will notably be affected by climatehange, in the absence of any
mitigation or adaptation effort, other countriestire Mediterranean will experience larger
economic impacts. This is the case of Spain, wHesses in agriculture would be
pronounced, but much more so this would be the ohdéiddle East and countries of the
southern shore of the Mediterranean. The lattenti@ms, as other developing countries in the
world, are likely to suffer huge losses. Withoutiae climate policies, income differentials

will widen in the Mediterranean, but also withiretBuropean Union.
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Appendix: A Cursory Description of the ENVISAGE Model

The results in this paper rely on the World Barkisvironmental Impact and Sustainability
Applied General Equilibrium (ENVISAGE) Modét. The ENVISAGE model's core is a
relatively standard recursive dynamic global gehegailibrium (CGE) model. Incorporated
with the core CGE model is a greenhouse gas (GH@stons module that is connected to a
simple climate module that converts emissions @timospheric concentrations, radiative
forcing and changes in mean global temperature. clineate module has feedback on the
economic model through so-called damage functiaffiscting a number of parameters in the
model. The combination of the socio-economic CGEdehawith the climate module is
commonly referred to an integrated assessment nilzd).

ENVISAGE is calibrated to Release 7.1 of the GTA#adet with a 2004 base year. It has
been used to simulate dynamic scenarios througl0.Z2li0e 112 countries/regions and 57
sectors of GTAP are aggregated to a smaller sebwftries/regions and sectors to facilitate
computing. In the current version of the presemdgthe model is run under the regional and
sectoral breakdown presented in the table below.

The GTAP data is supplemented with satellite actsotivat include emissions of the so-called
Kyoto gases—carbon dioxide (GO methane (Ck), nitrous oxide (MO) and
hydrofluorocarbons (F-gases), different electrigiypduction activities (coal, oil and gas,
hydro, nuclear and other), and potential land aridsupplies.

Within each time period a full equilibrium is achesl given the fixed regional endowments,

technology and consumer preferences. Productiomelled as a series of nested constant-
elasticity-of-substitution (CES) functions that afesigned to reflect the substitution and

complementarity of inputs. Unlike many standard slsdenergy plays a key role as an input
and is modelled as a complement to capital in twetgun but a substitute to capital in the

long run. This reflects the putty/clay specificatiof production that incorporates vintage

capital. The key assumption is that there is gremibstitution across inputs in the long run

(i.e. with new capital) than in the short run (wald or installed) capital. One consequence of
this specification is that countries that have kigbgrowth and higher rates of investment

typically have a more flexible economy in the aggtte. There is a single representative
household that consumes goods and services, args.savhe saving rate is partially a

function of the demographic structure of the regi®avings rise as either the elderly or youth
dependency ratios fall. Investment is savings drivAggregate public expenditures are

typically fixed as a share of total GDP and revenadjust to maintain fiscal balance (through
a lump sum tax on households). Other model clodorabe public sector are possible.

Aggregate demand by sector is summed across akstomragents and represents a composite
of domestically produced goods and imports—the aled Armington aggregate. The
aggregate Armington good is allocated between dbgoduction and imports using a two-
nested CES specification. The first nest allocaggregate demand between domestic
production and an aggregate import bundle. Therseoest decomposes aggregate imports
into import by region of origin. This generates #ateral trade flow matrix. Domestic
producers are assumed to supply both domestic xgmartemarkets without friction, i.e. the

1> A detailed description is given in van der Mensjghe (2008).
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law of one price holds for domestically produceddmirrespective of their final destination.

Bilateral trade is associated with three price vesddgrhe first wedge reflects differences
between producer prices and the border (FOB) pirieean export tax or subsidy. The second
wedge reflects international trade and transporgims, i.e. the difference between FOB and
CIF prices. The third wedge reflects the differebe¢ween the CIF price and the end-user
price, i.e. import tariffs. All three wedges ardyibilateral.

Table Al — Regional and Industrial DisaggregatidreE®lVISAGE 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 Oll
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

Countries
XLC Rest of the World

Model closure is consistent with long-term equilibn. As stated above, fiscal balance is
typically maintained through lump sum taxes on letvaéds under the assumption of fixed
public expenditures (relative to GDP). Changesirenues, for example carbon tax revenues,
imply a net decrease in household direct taxesdtment is savings driven. This assumption
implies that changes in investment are likely torélatively minor since public and foreign
savings are fixed and household savings will batiredly stable relative to income. The third
closure rule is that the capital account is baldn&x ante changes in the trade balance are
therefore offset through real exchange rate effécpositive rise in net transfers, for example
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through a cap and trade scheme, would tend totteadeal exchange rate appreciation.

The model dynamics are relatively straightforwdPdpulation and labor force growth rates
are based on the UN population’s projection —wita growth in the labor force equated to
the growth of the working age population (15-6#udstment, as mentioned above, is savings
driven and the latter is partially influenced bymdegraphics. Productivity growth in the

baseline is ‘calibrated’ to achieve a target gropaith for per capita incomes—differentiated
for agriculture, manufacturing and services.

Emissions of GHGs have three drivers. Most are igeee through consumption of goods—
either in intermediate of final demand—for examiple combustion of fossil fuels. Some are
driven by the level of factor input—for example imete produced by rice is linked to the
amount of cultivated land. And the remainder isegated by aggregate output—for example
waste-based methane emissions. The climate moakes &s inputs emissions of GHGs and
converts them to atmospheric concentration, themtige forcing and finally temperature

change. The temperature change is linked badketsdcio-economic model through damage
functions.
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