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1 Introduction to the section/methodology 
 
Final aim of this part of the research is to assessing the economic consequences of climate change 
impacts for major world regional economic systems not restricting to direct costs, but considering, in 
addition, social and economic reactions triggered within economic systems by those impacts. 

 

Table 1: Methodological approaches in the economic assessment of climate change . 

 
Market value based 

assessments 
Non market values based 

assessments 

Partial Equilibrium 
“Direct Costing” and Partial 

Equilibrium 
“Direct Costing” + Non Market 

Evaluation 

General Equilibrium “CGE Modelling” 
“CGE Approach” + Non Market 

Evaluation 

 

As shown by table 1 which classifies available approaches proposed by the impact literature a partial 
and a general equilibrium perspectives can be first of all identified. 

The first, offers an assessment of costs which does not take into account the feedback that an 
economic perturbation into a sector or activity exerts on the rest of the systems. Albeit the many 
differences in direct costing techniques, cost estimation is generally confined to direct impacts and its 
final result can be described with the process below: 

(Economic cost of climate change) = (“Quantity with Climate Change” – “Quantity without Climate 

Change”) x (“Price”). 
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As a typical example of this perspective, the direct cost of  sea-level rise induced land loss can be 
expressed as the quantity of land lost times its price. These methodologies are largely diffused in the 
literature (see e.g.  Fankhauser, (1994); Yohe et al. (1996); Yohe and Schlesinger, (1998) Dennis et al., 
(1995), Volonte and Nicholls, (1995) Gambarelli and Goria (2004) for sea-level rise; Hamilton et al., 
2005a,b; Hamilton and Tol, 2007; Amelung et al., 2007, Elsasser and Burki, 2002; Scott et al., 2004; 
2007; OECD, 2007 for tourism, the survey of Aldy and Viscusi (2003) for health).  Their strength is 
their relatively easier applicability and perhaps a smaller degree of uncertainty in the estimated values as 
a more limited number of simplifying assumptions on economic dynamics are necessary compared to a 
general equilibrium approach. 

Their major shortcomings is that they cannot measure possible rebounds on costs that a changing 
economic context can impose.  

In fact sectors within the economy are not isolated and markets are linked by flows of input, goods and 
services domestically and internationally. Thus, economic perturbations like those induced by a 
changing climate can spread their effect outside the area initially impacted and, more importantly, can 
induce a reallocation of resources that can smooth or amplify the initial effect. 

To capture these processes a systemic perspective is necessary. This concept is made operational by 
Computale General Equilibrium (CGE) models. 

At the beginning, CGE models were developed mainly to analyse international trade policies and to a 
lesser extent public sector policies. But, soon, due to their great flexibility, they started to be applied to 
environmental taxation and climate change impact assessment  The peculiar feature of CGE models is 
market interdependence. All markets are linked, as factors of production are mobile between sectors 
and internationally, each change in relative prices induces a cost-minimizing input reallocation in the 
entire economic system. This is true also for the demand side: responding to scarcity signal in one 
market, utility-maximising consumers readjust their entire consumption mix. As a consequence, CGE 
models can capture and describe the propagation mechanism induced by a localised shock onto the 
global context via price and quantity changes and vice versa. Moreover they are able to assess the 
“systemic” effect of these shocks, that is the final welfare or general equilibrium outcome which is 
determined after all the adjustment mechanisms at play in the economic system operated. The final 
impact on national GDPs summarises these “higher order” effects which are usually very different 
from the initial impacts; this last difference quantifies market driven adaptation. 

In this research phase we follow this approach and we quantify market-driven adaptation, applying a 
computable general equilibrium (CGE) model, ICES, developed on purpose. ICES is a recursive 
dynamic CGE model, running from 2001 to 2050. It has been calibrated to replicate regional GDP 
growth paths consistent with the A2 IPCC scenario and has then be used to assess climate change 
economic impacts for 1.2 and 3.2 °C increase in 2050 wrt 2000 which is the likely temperature range 
associated to that scenario.  

The regional and sectoral detail of ICES adopted within this exercise are reported by table2. 
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Table 2. Regional and sectoral disaggregation of the ICES model 

REGIONAL DISAGGREGATION OF THE ICES MODEL (this study) 

USA: United States 

Med_Europe: Mediterranean Europe 

North_Europe: Northern Europe 

East_Europe: Eastern Europe 

FSU: Former Soviet Union 

KOSAU: Korea, S. Africa, Australia 

CAJANZ: Canada, Japan, New Zealand 

NAF: North Africa 

MDE: Middle East 

SSA: Sub Saharan Africa 

SASIA: India and South Asia 

CHINA: China 

EASIA: East Asia 

LACA: Latin and Central America 

SECTORAL DISAGGREGATION OF THE ICES MODEL (this study) 

Rice Gas 

Wheat Oil Products 

Other Cereal Crops Electricity 

Vegetable Fruits Water 

Animals Energy Intensive industries 

Forestry Other industries 

Fishing Market Services 

Coal Non-Market Services 

Oil  

 
 

It is evident that economics is not independent from other disciplines; it comes into play only after 
climatic changes have been translated into physical consequences (impacts) on their turn able to induce 
a change into human activities (see Figure 1).   

 

 

 

Figure 1. The structure of the integrated impact assessment exercise 
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The present study thus assessed firstly the physical implications of an extended set of climate-change 
impacts through a comprehensive survey and meta analysis of the available literature. Then proceeded 
to their transformation into meaningful changes in key economic variables suitable to be used as an 
input to the ICES model. This has been done representing climatic impacts as changes in productivity, 
supply or demand for different inputs and/or outputs of the model as reported in Table 3.  

 

Table 3: Climate-change impact analyzed within this assessment 

Supply- side impacts 

Impact on labour quantity (change in mortality – health effect of climate change) 

Impacts on labour productivity (change in morbidity – health effect of climate change) 

Impacts on land quantity (land loss due to sea level rise) 

Impacts on land productivity (Yield changes due to temperature and CO2 concentration changes) 

Demand-side impacts 

Impacts on energy demand (change in households energy consumption patterns for heating and cooling purposes) 

Impacts on recreational services demand (change in tourism flows induced by changes in climatic conditions) 

Impacts on health care expenditure 

 

In what follows section 2 will describe the impact assessments studies by category, section 3 the general 
equilibrium assessment, section 4 will conclude the chapter. 

 
 
2 Assessing climate change impacts by category 
 
2.1 Sea-level rise 
   

Introduction and background 

Sea-level rise is often seen as one of the most threatening impacts of climate change. Coastal erosion 
and sea floods, impacts on often densely populated and infrastructure rich river deltas, wiping out of 
entire islands and island nations (Nichols et al., 2007) make it one of the most prominent assessments in 
the climate change impact literature. 

In 1991 the IPCC already proposed methodologies and estimates of the cost of sea level rise and of the 
benefit of coastal protection (IPCC CZMS, 1991). The following and very large body of literature was 
dominated by engineering researches and on Geographical Information Systems (GIS) use to determine 
areas, people and activities at risk to which an economic value was attached. Studies in this vein include 
investigation at the world level with macro regional and country detail (see e.g. Hoozemans et al., 1993; 
Fankhauser, 1998, Tol, 2002; 2006), at the macro-regional level (see e.g.  Fankhauser, (1994); Yohe et al. 
(1996); Yohe and Schlesinger, (1998) for the USA; Nicholls and Klein, (2003); CEC, (2007), for 
Europe), at the country level (see e.g. Dennis et al., (1995) for Senegal, Volonte and Nicholls, (1995) for 
Uruguay, Volonte and Arismendi, (1995) for Venezuela, Morisugi et al. (1995) for Japan, Zeider (1997) 
for Poland) and at the site level (see e.g. Gambarelli and Goria (2004) for the Fondi plane in Italy, Breil 
et al. (2005) for the city of Venice, Smith and Lazo (2001) analysing among others the Estonian cities of 
Tallin and Pärnu, and the Zhujian Delta in China, Saizar (1997) for Montevideo).   
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This vast literature concentrates on the direct costs of sea level rise and of possible adaptation options. 
The main result of these studies is that the cost of sea level rise (albeit in some cases a small fraction of 
GDP) can be considerably high in absolute terms. As an example, US$ 0.06 billions is the estimated 
annuitised cost of 50 cm. of sea level rise for the US according to Yohe et al. (1996). US$ 3.4 billions is 
Morisugi et al, (1995) estimate for Japan. A yearly cost ranging from Euros 4.4 to 42.5 billions is the 
evaluation proposed for Europe by CEC (2007) for a sea level increase of 22 and 96 cm., respectively. 
The Netherlands, Germany and Poland are expected to suffer a cumulated undiscounted capital loss of 
US$ 186, 410 and 22 billions for 1 meter of sea level rise according to Nicholls and Klein (2003). 
Against this background, coastal protection seems to be not only effective, but also efficient in most 
cases. This is for instance confirmed for Europe as a whole (CEC, 2007), for the Netherlands, 
Germany (Klein, 2003), Poland (Zeider, 1997; Klein, 2003), for Japan (Morisugi et al., 1995) Senegal 
(Dennis et al. 1995). Tol (2007), showed, that high levels of coastal protection (>70% of the threatened 
coast) would be optimal for the majority of the world’s regions. However, for some countries or sites 
the efficient level of coastal protection is likely to be low or even zero (e.g. the case of Dar es Salaam 
and of the entire populated coastline of Tanzania (Smit and Lazo, 2001), Uruguay (Volonte and 
Nicholls, 1995) or Venezuela (Volonte and Arismendi, 1995)), pointing out the importance of carefully 
evaluating benefits and costs of different options for sea level rise adaptation.. 

The cited studies are based on a direct costing approach: they basically evaluate costs multiplying a 
quantity loss (land or capital) or “displaced” (people), by the unitary “price” of the item lost or of the 
displacement. By contrast, the present research attempts to assess the “higher-order” impact of sea 
level rise.  

Similar approach has been followed by Deke et al. (2002), Darwin and Tol (2001), Bosello et al. (2004), 
Bigano et al., (2008). 

Deke et al. (2002) use a recursive dynamic CGE model, they restrict the study to the costs of coastal 
protection, ignoring land loss and its wider economic consequences. The costs of coastal protection are 
subtracted from investment, this essentially reduces the capital stock, and hence economic output. They 
estimate a direct protection costs against the 13 cm. of sea level rise in 2030 ranging from 0.001% of 
GDP in Latin America to 0.035% in India and a final GDP loss ranging from 0.3% of India to 0.006% 
of Western Europe with respect to the no protection case. 

Darwin and Tol (2001) Bosello et al. (2004) Bigano et al. (2008) use all static CGE models for their 
assessment. The three studies, in accordance with Deke et al. (2002), highlight limited impacts on GDP, 
but considerable in absolute value, from sea-level rise. In the no protection case, Darwin and Tol, 
(2001) estimate the annuitised total cost for 50 cm. of sea level rise in 2100 of nearly US$ 66 billions. 
The highest losses among OECD countries are the nearly US$ 7 billions of Europe. Asian economies 
as a whole would lose US$ 42 Billions. With an optimal protection policy direct costs are US$ 4.4 
billions for the world as a whole. In developed regions they are fairly small, they reach the highest level 
in the China-South Korea-Taiwan-Hong Kong region where they amount to 0.1% of 1990 expenditure. 
Bosello et. al. (2004), Bigano et al. (2008) highlight the highest GDP loss for South East Asia 
amounting to (-) 0.1% in 2050. 

 

Assessing the impact of climate change on sea-level rise induced land losses 

Estimates of potential dryland loss, in the absence of any protection intervention for each region 
analyzed are reported in Table 4. As described in Bosello et al. (2004) areas at inundation risk for all 
coastal countries are extracted from the Global Vulnerability Analysis (Hoozemans et al., 1993).  
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To get land losses, the starting point is Bijlsma et al. (1996) reporting this information for 18 selected 
countries. Then, the exponent of the geometric mean of the ratio between area-at-risk and land loss for the 
18 countries was used to derive land loss for all other countries. Combined these data specify, per 
country, the amount of land lost due to a sea level rise of one metre. Land loss is assumed to be linear 
in sea level rise thus results can be parameterized to any other sea-level rise scenario. This overly 
simplified procedure introduces obvious imprecision in land loss estimates, however better estimates 
would have required the complex use of land elevation maps at the world level, not feasible within the 
present exercise. 

Moreover, it is also worth stressing that presently there is a still high uncertainty concerning on the one 
hand sea-level rise processes themselves, particularly at the local scale (for instance, scientists are still 
debating if and how the Mediterranean responded to global warming in the last decades, apparently its 
level is not rising as its increasing salinity seems to compensate thermal expansion); on the other hand 
the measure and forecast of their effects on coastal areas determined by complex and not yet fully 
understood interactions between eustatism, geological and anthropic subsidence, tectonic movements, 
pressure differential of water and ice masses.  

 

Table 4: Estimated land losses to sea-level rise  in 2050 (Km2) 

 +1.2°C +3.1°C 

USA 2388 5000 

Med_Europe 130 271 

North_Europe 395 826 

East_Europe 226 474 

FSU 1566 3279 

KOSAU 488 1022 

CAJANZ 417 874 

NAF 997 2088 

MDE 210 440 

SSA 15161 31745 

SASIA 9751 20416 

CHINA 4223 8842 

EASIA 20886 43732 

LACA 5041 10555 

 
 
2.2 Tourism 
 

Introduction and background 

Climate change plays an obvious role in tourist destination choice. Although climate is by no means the 
only determinant of holiday destination choice (Crouch, 1995; Witt and Witt, 1995; Gossling and Hall, 
2006a,b; Bigano et al., 2006a; Rosello et al., 2005), the “amenity of climate” is recognised as one of the 
major determinants of tourism flows (Maddison, 2001; Lise and Tol, 2002; Bigano et al., 2006b). The 
Mediterranean in particular benefits from this determinant, being close to the main holidaymakers of 
Europe’s wealthy, but cool and rainy, Northwest. Tropical islands are another example, where in the 
recipe of a dream holiday their “perfect” climate is a fundamental ingredient. 
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Climate change would alter that, as tourists are particularly footloose. The currently popular holiday 
destinations may become too hot, and destinations that are currently too cool would see a surge in their 
popularity (Hamilton et al., 2005a,b; Hamilton and Tol, 2007; Amelung et al., 2007). Low ski resorts 
and winter tourism may be particularly vulnerable (Elsasser and Burki, 2002; Scott et al., 2004; 2007; 
OECD, 2007). This could have a major impact on some economies. Just consider that about 10% of 
world GDP is now spent on recreation and tourism, and that recent contributions highlight the 
importance of tourism in stimulating economic growth (Lee and Chang, 2008). 

 

Assessing the impact of climate change on tourism expenditure 

The aim of the present research is to assess the economic implications of climate change impacts on 
tourism activity; the necessary first step is thus to define how tourism activity could be affected by a 
changing climate.  

In the present approach we proxy “tourism activity” with “tourism expenditure”, this on its turn is 
made directly dependent on the net number of tourists visiting a given location.  

Like in Berrittella et al (2006) and Bigano et al. (2008) estimations of tourism flows by region are 
obtained from version 1.2 of the Hamburg Tourism Model (HTM), an econometric simulation model 
of tourism flows in and between 207 countries, that we run on the temperature change scenarios 
chosen as reference: +1.2°C and +3.1°C with respect to 2000 in 20501. 

In HTM, as described by Bigano et al. (2005)2 and Hamilton et al. (2005,a,b) to which the interested 
reader is addressed for a detailed description, tourists in a given country stem from a compounded 
calculation considering domestic tourists and international tourists’ arrivals and departures.  

Tree econometrically estimated equations, respectively for arrivals (Equation (1)) and departures 
(Equations (2) and (3)) define the core of the model. In these equations the variables are, respectively: 

 
A Total arrivals per year 
G Land area (km2) 
T Annual average temperature (C°)  
C Length of coastline (km)  
Y Per capita income 
D Total departures per year 
P Population (in thousands) 
B The number of countries with shared land borders 
H Total domestic tourist trips per year 
D The destination country 
O The origin country 

 

 

 

                                                 
1 HTM is a dynamic model, for computational tractability in the following CGE exercise, we use the model statically, 

computing climate change impacts in 2050 and then interpolating linearly from 2001 to 2050. 
2  Previous versions  of this model were version 1.0, described by Hamilton et al. (2005a) and  version 1.1, described  

by Hamilton et al. (2005b). The econometrics are inspired by Maddison (2001), Lise and Tol (2002) and Hamilton 

(2003), while the data are as in Bigano et al. (2005b). Further details, including papers and model code, can be found at 

http://www.uni-hamburg.de/Wiss/FB/15/Sustainability/htm.htm 
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Arrivals are defined by: 

 (1) 

7 3 2 5

0.97 0.96 0.07 2.21 3.03 0.09

2

ln 5.97 2.05 10 0.22 7.91 10 7.15 10 0.80ln

139; 0.54

d d d d d d

adj

A G T T C Y

N R

          

 
 

Departures are determined following a two-steps procedure: firstly the number of tourists “generated” by 
a country is defined, then it is subdivided between domestic tourists and those who travel abroad. 

The number of tourists that a country generates depends on the size of the population and of average 
income. The share of domestic tourists in total tourism depends on the climate in the home country 
and on per capita income. Missing observations are filled using two regressions. Total tourist numbers, 
D+H, where H is the number of domestic tourists are interpolated using 

 (2) 0.83 0.10

2

ln 1.67 0.93ln

63; 0.60

o o
o

o

adj

D H
Y

P

N R


  

 

 

The ratio of domestic to total holidays was interpolated using 

(3)  

1 1 1 3 2

1.19 0.42 0.30 0.32 1.11

7

0.12 1.24

2

ln 3.75 0.83 10 ln 0.93 10 ln 0.16 10 0.29 10

0.16 4.43 10 ln

63; 0.36

o
o o o o

o o

o o

adj

H
G C T T

D H

Y Y

N R

   



         


  

 

 

The model is calibrated to 1995 data. 

Climate is proxied by the annual mean temperature. A number of other variables, such as country size, 
were included in the estimation, but these factors are held constant in the simulation. International 
tourists are allocated to all other countries on the basis of a general attractiveness index, climate, per 
capita income in the destination countries, and the distance between origin and destination. Again, 
other explanatory variables were included in the regression for reasons of estimation efficiency, but 
these are held constant in the simulation. The number of international tourists to a country is the sum 
of international tourists from the other 206 countries. See Bigano et al. (2005) for further details.  

Total expenditure is calculated multiplying the number of tourists times an estimated value of the 
average individual expenditure. 

Table 5 reports the absolute values of the changes in tourism expenditure respect to the “no climate 
change” baseline so calculated, aggregated according to ICES regional detail.  
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Table 5:  % changes in tourism expenditure in 2050 compared to no climate change baseline(US$ trillion) 

  1.2°C 3.1°C 

USA -0.44 -0.11 

Med_Europe -0.26 -0.07 

North_Europe 1.86 0.48 

East_Europe -0.06 -0.02 

FSU 0.00 0.00 

KOSAU -0.07 -0.02 

CAJANZ 1.36 0.35 

NAF -0.05 -0.01 

MDE -0.50 -0.13 

SSA -0.08 -0.02 

SASIA -0.07 -0.02 

CHINA -0.76 -0.20 

EASIA -0.29 -0.07 

LACA -0.64 -0.16 

 

The model shows that regions at higher latitudes and altitudes will become more attractive to tourists, 
(both domestic tourists and those from abroad) and thus will also experience increase in expenditures 
on tourists services 3.  

 
 
2.3 Agriculture 
 

Introduction and background 

 

The relationships between climate change and agriculture are complex and manifold. They involve 
climatic and environmental aspects, social and economic responses. These last can take either the form 
of autonomous reactions or of planned economic or technological policies. This picture is complicated 
further: climate change and agriculture interdependencies evolve dynamically over time, they often span 
over a large time and space scale and are still surrounded by large uncertainties. 

Climate change impacts on crops productivity can be substantial. According to the meta analysis 
proposed by the IPCC AR4 (Easterling et al. 2007) summarizing the extended literature on this topic, 
moderate degree of warming can be beneficial mainly due to positive CO2 fertilization effect. However, 
a given threshold  trespassed, impacts become negative and rapidly worsening. 

This pattern is common to main cereal cultivations worldwide, but much more concerning at the lower 
latitudes where the majority of developing countries is. In these regions a positive effect on rice and 
wheat yields occurs roughly at +1°C with an increased productivity of roughly the 5%, maize 
production appears negatively affected since the beginning. Above +1.5°C of temperature, effects on 

                                                 
3
 Tourists from the north west of Europe currently dominate international tourism, – the Germans and the British together 

account for 25% of the international tourist market – which implies that the world total of international tourist numbers 
initially falls because of climate change. The model also shows that the effect of climate change is much smaller than the 
combined effects of population and economic growth, at least for most countries. 
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yields become negative: for instance in a temperature increase scenario of +5°C rice yields can decrease 
the 20% while those of maize and wheat more than the 50%. 

At mid-high latitudes, positive effects are estimated until +3.5°C for wheat and rice and +2°C for 
maize. Wheat, rice and maize yield increase can peak the 7%, 10% and 5% at the “optimum” 
temperature increases of +1.8°C, +2.2°C and +0.8°C respectively. For higher temperature increases, 
yields drop everywhere: the 20% for wheat and rice and the 8% for maize when temperature increases 
5°C. 

The literature assessing the economic impact of these changes presents quite small figures. Global 
studies report for the world as a whole a loss ranging from the –0.05% to a slight gain of 0.01% in term 
of welfare in case of a doubling CO2 concentration or between -1.5% and +2.6% of global agricultural 
GDP by 2080 (Fisher et al 2002). Regional studies show higher and more dispersed estimations: welfare 
changes range between the –5.5%, -5% in China (Kane, 1992) and India (Harasawa et al. 2003) 
respectively to the +2.7% of USA (Adams et al. 1999). Economic losses are concentrated in developing 
countries belonging to the Asian regions and to Sub-Saharan Africa that by the mid of the century is 
likely to surpass Asia as the most food-insecure region.  Negative impacts on some crops productivity 
are expected also in the developed world: Australia, New Zealand and in the Mediterranean Europe, 
however these regions more able to adapt technologically, institutionally and socio economically are 
likely to suffer negligibly.  
It is accordingly worth to stress that the final economic impact of climate change on agriculture is 
crucially driven by how natural and human adaptation mechanisms are considered. In general strong 
negative impacts on yields highlighted by exercises neglecting adaptation turn into much smaller losses 
or even slight gains when proper adaptation options are modelled. Examining the quite extended 
literature on the subject (see for a non exhaustive list: Fisher et al., (1993); Reilly et al., (1994); 
Rosenzweigh and Parry, (1994); Rosenzweigh and Hillel, (1998); Antle et al., (2001); Bindi and 
Moriondo (2005); Easterling et al. (2007)) it is possible to grasp some rough estimate of damage 
reducing power of adaptation in agriculture which ranges from 40% to 98% of total climatic damage 
for a doubling of CO2 concentration. 

Needless to say modelling adaptation in agriculture is a process prone to large uncertainty, especially 
the assumption made by the majority of authors of the negligible cost of farm-level adaptation is an 
open issue.  Should adaptation be less effective or more costly than hypothesised, much stronger 
adverse consequences of climate change on agricultural production and welfare cannot be excluded. 

 

Assessing the impact of climate change on land productivity 

 
To assess climate change impacts on agriculture we fed our temperature scenarios into a simple 
agricultural productivity module developed by Tol (2002). This module calibrates a reduced-form 
function linking temperature, CO2 concentration and yield from a meta analysis of the relevant 
literature among which data from Rosenzweig and Hillel, (1998) are predominantly important. 
This last study is quite dated, but remains one of the few which reports detailed results from an 
internally consistent set of crop modeling studies for 12 world regions and 6 crops’ varieties allowing a 
reasonable degree of comparability. 
We partly updated Rosenzweig and Hillel, (1998) figures using for the North African and 
Mediterranean Europe regions more recent and detailed information from Bindi and Moriondo (2005). 
The role of CO2 fertilization effect is explicitly taken into account, but we do not consider the role of 
farm-level adaptation. This for two reasons: firstly, as mentioned, the role of farm level adaptation is 
highly uncertain. Thus many assumptions on this ground could have been (un)justifiable. More 
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importantly, we wanted to capture market-driven adaptation by mean of the following exercise 
performed with the CGE model. That is, we want to isolate the effect on agricultural production 
triggered by changes in relative prices.  
 
The estimated impact on agricultural land productivity is reported by table 9. 
 

 
 
2.4 Energy demand 
 
 

Introduction and background 

 

It is reasonable to assume that an increased mean temperature will increase the amount of energy 
demanded for cooling purposes and decrease that for heating purposes4.  

It is also reasonable to assume that at low level of temperature change the increased spending on 
cooling should be dominated by saving from reduced heating expenditure, but that the situation 
reverses at some point, at high enough levels of temperature change. It can thus be expected that the 
relationship between energy demand and mean global temperature might be “U” shaped.  

An important question is whether we are already to the right of the minimum of such a curve, in which 
case global energy consumption will rise with higher global mean temperature, or whether we are still 
on the left-to-the-minimum portion of the curve, in which case global energy consumption will first 
decline and then eventually rise as global mean temperature increases (Hitz and Smits, 2004). 

An important role in this analysis is played by wealth or income effects. Indeed if - as it seems - air 
conditioning is strongly correlated with income, even if we had the same climate in future years the 
demand pattern between heating and cooling would change because of income changes. This 
introduces uncertainty on the analysis of adaptation cost in the energy sectors and greater care must be 
taken in assuming on which branch of the curve we are, based on current energy consumption. 

In our knowledge there are only two studies that estimated the effects of climate change on the demand 
for global energy: Tol (2002) and Bigano et al. (2006). Tol, following the methodology of Downing et al. 
(1996), based his extrapolations on a UK-specific model that relates the energy used for heating or 
cooling to degree days, per capita income, and energy efficiency. Climatic change is likely to affect the 
consumption of energy via decreases in the demand for space heating and increases in demand for 
cooling. 

Tol, hypothesized that both relationships are linear. Economic impacts were derived from energy price 
scenarios and extrapolated to the rest of the world. Energy efficiency is assumed to increase, lessening 
costs. According to Tol’s (2002) best guess parameters, by 2100, benefits (reduced heating) are about 
0.75% of GDP and damages (increased cooling) are approximately 0.45%. The global savings from 
reduced demand for heating remain below 1% of GDP through 2200. However, by the 22nd century, 
they begin to level off because of increased energy efficiency. 

                                                 
4
 Although adaptation to warmer temperature does not necessarily have to be through extra energy consumption, i.e. it 

can be partially implemented through passive building cooling, design, behavioural change, etc.  
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For cooling, the additional amount spent rises to just above 0.6% of GDP by 2200. Thus throughout 
the next two centuries, net energy demand decreases, suggesting we are on the downward sloping part 
of the energy demand- temperature curve.  

These finding are somehow confirmed by Bigano et al. (2006). They conducted a dynamic panel data 
econometric estimation of the demand for coal, gas, electricity, oil and oil products by residential, 
commercial and industrial users in OECD and (a few) non-OECD countries, to derive long-run 
elasticities for temperature. The main findings highlighted that residential demand responds negatively 
to temperature increases, (except in the case of coal), pointing at a prevalence of heating needs in 
determining residential demand. By contrast, industrial demand is insensitive to temperature increases. 
In the case of the service sector, only electricity demand displays a mildly significant negative elasticity 
to temperature changes. The estimated elasticities range from the –0.6 of electricity to the -3 for oil 
product. Transposed to a scenario of 1°C increase in mean global temperature, this may configure a 
decrease in households’ demand ranging from the -1.5% to the -7% for electricity and from the -6% to 
the -40% for oil products, depending on the region. 

However, studies for the US provide mixed results. With the exception of Rosenthal et al. (1995), Cline 
(1992) and Fankhauser (1995) found a net increase in electricity expenditure for a 2.5°C increase in 
mean global temperature amounting to 9900 and 6900 US $ billions respectively, and more recently, 
Mendelsohn (2001) showed that energy costs will increase even with an approximate 1°C increase. 
Since the United States consumes about one fourth of global energy, this may be an indication that 
global energy demand will increase immediately as temperatures rise. 

Concluding, the still limited quantitative evidence does not allow to assess with certainty the impact of 
climate change on energy demand and consequently the cost of the associated demand shifts. However 
it can be noted that, when these costs are positive, they appear to be a tiny percentage of GDP. All the 
cited studies however have been obtained by a direct cost methodology or in partial equilibrium. In 
other words the rebound effects on the overall economic context of the re composition of demand 
have not been taken onto account. These effects can be potentially very large and need to be carefully 
assessed. This is the aim of the present research. 

 
 

Assessing the direct impact of climate change on energy demand 

 
To assess climate-change impacts on energy demand the present research elaborates on the results 
proposed by de Cian et al. (2007). 
They estimates household energy demand on a macro dynamic panel dataset spanning from 1978 to 
2000, for 31 countries. 
In this approach, pioneered by Balestra and Nerlove (1966), energy demand is modelled as a dynamic 
process, depending on prices, income and temperatures, but also on the lagged value of energy 
demand. This to capture the relative influence of short-run and long-run changes.  
Separate regressions are specified for electricity, gas and oil products demand each defined as 
autoregressive process. 
An important issue is that of capturing weather variability. Degree days are particularly popular in the 
studies dealing with residential demand of space heating energy (Madlener and Alt, 1996; Parti and 
Parti, 1980) however given the aim to determine the sensitivity of energy demand with respect to 
temperature variations, De Cian et al (2007) include temperatures directly (see also Moral -Carcedo et 
al., 2005; Mansur et al. 2004; Henley and Peirson, 1998; Asadoorian et al, 2006 for similar approaches) 
and segment them using seasonal (spring, fall, summer and winter) data. 
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Another interesting feature of the exercise is the introduction and treatment of regional differences as 
temperature effect are expected to vary, especially between warm and cold countries.  
A clustering algorithm has been used (see Kaufman and Rousseeuw (2005), Hartigan (1975) and Everitt 
(1974)) to split the sample into partitions, which become finer and finer.  The metric used is the 
Euclidean distance measured on the annual average, maximum and minimum temperature.  
Then, countries have been grouped into the three main clusters identified: 
Mild Countries: Austria, Belgium, Denmark, France, Germany, Ireland, Luxembourg, Netherlands, 
New Zealand, Switzerland, Greece, Hungary, Italy, Japan, Korea, Portugal, South Africa, Spain, Turkey, 
United Kingdom, United States. 
Hot Countries: Australia, India, Indonesia, Mexico, Thailand, Venezuela. 
Cold Countries: Canada, Finland, Norway, Sweden. 
 
and group dummies for the different temperature groups are introduced into the regression. The use of 
the dummies in level allows to capture the different effects of temperature increases between groups on 
the intercept. Interacting all the covariates with the two dummies capture the different effects on the 
slope.  
 
Table 6 reports the estimation of the model.  
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Table 6: Full sample regression, Within Estimator 
 

 
Source: de Cian et al. (2007) 

 
 
The results reveal the presence of a cooling and heating effect. Summer temperature leads to higher 
annual electricity demand to feed a higher usage of air conditioners; the other fuels instead tend to 
respond negatively to temperature increases, especially when occurring in fall, spring or winter. 
Summer temperature is relevant only in the model for electricity demand, whereas gas, oil products 
respond significantly only to temperature variations that take place in winter, fall or spring. 
Within each model specification a further distinction between cold, hot and mild countries emerges. 
Consider for example the demand for electricity. The effect of summer temperature is significant in all 
groups, but with a different sign. In very cold countries (d0 = 1) an increase in summer temperature of 
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1% reduces annual demand by 0.508%. In very hot countries (d2 = 1) it increases electricity demand by 
1.695 %. In mild countries (d1 = 1), which is the largest group, the increase in electricity demand is 
lower and it equals 0.542 %. 
 
Own price and income long-run elasticities, computed are well between the ranges reported by the 
relevant literature (see de Cian et al. (2007) for details)  
 
Table 7 reports the long run temperature demand elasticities of different energy vectors,  when they are 
statistically significant. 
 
 

Table 7 : Long-run temperature elasticities (only significant elasticities have been reported) 

 
Source: de Cian et al. (2007) 

 
 
 
 
The pattern is the same as in the short run, but of bigger magnitude. In the long run, when the stock of 
equipment and appliances can also be adjusted, the effect of temperature, as well of income and prices, 
is larger. 
These elasticities have been used to compute the percent variation of energy demand respect in the 
temperature increase scenarios used as reference. 
 
 
 

  2.2.5 Health 
 
 

Introduction and background 

Of the many impacts of climate change, those on human health are often placed amongst the most 
worrying (e.g., Smith et al., 2001). The impacts of climate change on human health are many and 
complex. Global warming would increase heat-related health problems, which mostly affect people 
with pre-established cardiovascular and respiratory disorders. On the other hand, global warming 
would reduce cold-related health problems, again most prevalent in people with cardiovascular 
disorders. Climate change would affect the range and abundance of species carrying diseases, and 
would affect the virulence of those diseases as well. Malaria, in particular, is generally thought to 
increase because of climate change. Other vector-borne diseases may increase or decrease, but currently 
make much less victims than does malaria. Climate change would allow diseases to invade 
immunologically naïve populations with unprepared medical systems. Climate change would affect 
water-borne diseases too, with cholera and diarrhoea being potentially most problematic (McMichael et 
al., 2001). 

Human health therefore figures prominently in assessments of the impacts of climate change, however 
the quantification of these impacts is extremely difficult. Firstly, it is in general problematic to record 
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changes in health status actually occurred as yet in response to observed trends in climate over recent 
past. Some studies estimated that in 2000, climate change caused the loss of over 150,000 lives and 
5,500,000 DALYs  (Campbell-Lendrum et al., 2003; Ezzati et al., 2004; McMichael, 2004). Secondly, 
when future estimations are involved, there is the crucial complication to include correctly possible 
autonomous acclimatisation processes be they physiological, behavioural or driven by social economic 
conditions which are also fundamental in determining final vulnerability (Tol et al., 2007). 

This said according to the IPCC (2007) AR4  projected trends in climate-change-related exposures of 
importance to human health will: increase the number of people suffering from death, disease and 
injury from heatwaves, floods, storms, fires and droughts; continue to change the range of some 
infectious disease vectors; have mixed effects on malaria depending on the geographical context; 
increase the burden of diarrhoeal diseases; increase cardio-respiratory morbidity and mortality 
associated with ground-level ozone; increase the number of people at risk of dengue; finally  bring 
some benefits to health, including fewer deaths from cold 

The welfare implication of health impacts rely on the methodology of direct costs, that is, damage 
equals price times quantity. In case of human health, the price is typically equal to the value of a 
statistical life, which is based on estimates of the willingness to pay to reduce the risk of death or 
diseases, or the willingness to accept compensation for increased risk (see Viscusi and Aldy, 2003, for a 
review). The global economic value of loss of life due to climate change ranges between around US$6 
billion and US$88 billion, in 1990 dollar prices (IPCC (2007)). 
Few studies try to assess higher order costs. Jorgenson et al. (2004) do this for the USA, but health 
effects on labour supply are not disentangled from other impacts; Bosello et al. (2006) perform a world 
estimate, but using a static CGE model, they find that health impacts on economic activity are negative 
in the developing world, but that GDP is only marginally affected with a 0.1% loss for 1°C increase in 
temperature.  

  

Assessing the direct impacts of climate change on human health 

 
We evaluate the impacts human health changes - i.e. in mortality and morbidity associated to malaria, 
schistosomiasis, dengue, diarrhoea, cardiovascular and respiratory diseases in the thirteen regions of ICES 
applying the same methodology of Bosello et al. (2006). Estimates of the change in mortality due to 
vector-borne diseases (viz., malaria, schistosomiasis, dengue fever) as the result of a one degree increase 
in the global mean temperature are taken from Tol (2002). The estimates result from overlaying the 
model-studies of Martens et al. (1995, 1997), Martin and Lefebvre (1995), and Morita et al. (1994) with 
mortality and morbidity figures of the WHO (Murray and Lopez, 1996). These studies suggest that the 
relationship between global warming and malaria is linear. This relationship is assumed to apply to 
schistosomiasis and dengue fever as well. We follow the same methodology here. 

To account for changes in vulnerability possibly induced by improved access to health care facilities 
associated to improvement in living standards (read GDP growth) we use the relationship between per 
capita income and disease incidence developed by Tol and Dowlatabadi (2001),5 using the projected per 
capita income growth of the ICES regions for the countries within those regions.  

                                                 
5 Vulnerability to vector-borne diseases strongly depends on basic health care and the ability to purchase medicine. Tol 

and Dowlatabadi (2001) suggest a linear relationship between per capita income and health. In this analysis, vector-

borne diseases have an income elasticity of –2.7 (Tol and Heinzow, 2003). 
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For diarrhoea, we follow Link and Tol (2004), who report the estimated relationship between mortality 
and morbidity on the one hand and temperature and per capita income on the other hand, using the 
WHO Global Burden of Disease data (Murray and Lopez, 1996). 

Martens (1998) reports the results of a meta-analysis of the change in cardiovascular and respiratory 
mortality for 17 countries. Tol (2002a) extrapolates these findings to all other countries, using the 
current climate as the main predictor. Cold-related cardiovascular, heat-related cardiovascular, and 
(heat-related) respiratory mortality are specified separately, as are the cardiovascular impacts on the 
population below 65 and above. Heat-related mortality is assumed to only affect the urban population. 
Scenarios for urbanization and aging are based on Tol (1996, 1997).6 We use this model directly on a 
country basis, before aggregating to the regions of ICES. Regional temperatures have been obtained 
through data elaboration from Giorgi and Mearns (2002).7 

Besides the changes in labour productivity, changes health care expenditures are also estimated. The 
literature on the costs of diseases is thin and few papers can be used as reference. Kiiskinen et al. (1997) 
report the average costs of cardiovascular diseases, $21,000 per case, for Finland. Blomqvist and Carter 
(1997), Gbesemete and Gerdtham (1992), Gerdtham and Jönnson (1991), Getzen (2000), Govindaraj et 
al. (1997), Hitires and Posnett (1992), and di Matteo and di Matteo (1998) estimate the income elasticity 
of health expenditures for countries in the OECD, Latin America and Africa for the period 1960-1991. 
The average is 1.3. We use this to extrapolate the Finnish costs of cardiovascular diseases to other 
countries. Weiss et al. (2000) report the costs of asthma for the USA. The direct costs8 amount to $430 
per case, or $40,000 per year diseased.9 We assume that asthma is representative for all respiratory 
disease, and again extrapolate to other countries using an income elasticity of 1.3.  

The costs of vector borne diseases are taken from Chima et al. (2003), who report the expenditure on 
prevention and treatment costs per person per month. Their data suggest the following relationships 

(1) 
(0.3103) (0.0008)

0.1406 0.0026P Y   

(2) 
(0.8217) (0.0018)
0.4646 0.0053T Y    

where P is monthly prevention costs ($/capita), T is monthly treatment costs ($/cap) and Y is income 
per capita ($/cap). We scale this up with the increase in mortality. 

The resulting changes in national mortality and morbidity aggregated to the ICES regions are reported 
in table 8. 

 

 

 

 

                                                 
6 The income elasticity of the share of the population over 65 is 0.25. Urbanisation follows 

0.031 ( ) 0.011 ( ) 1 0.031 (1995) 0.011 (1995)
( ) (1995)

1 0.031 ( ) 0.011 ( ) 0.031 (1995) 0.011 (1995)

Y t PD t Y PD
U t U

Y t PD t Y PD

  


  
 

where U is the level of urbanisation, Y is per capita income and PD is population density. 
7 Regional impacts differ in a range of 20%-40% when regional temperature is used instead of average world 

temperature. Temperature data for 22 climatic zones has first been applied at the country level and subsequently 

aggregated for the eight macro-regions of the model. 
8 Weiss et al. (2000) also estimate the indirect costs to the economy. 
9 The average treatment for asthma lasts 4 days. 
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 Table 8: Additional number of deceases due to climate change (1000 people, reference year 2050) 
 

 Vector borne and 
enteric diseases 

Cardio Vascular 
diseases 

Respiratory 
diseases 

Total 

 1.2°C 3.1°C 1.2°C 3.1°C 1.2°C 3.1°C 1.2°C 3.1°C 

USA 12 31 -170 -431 4 15 -154 -385 

Med_Europe 2 5 -73 -183 3 10 -67 -167 

North_Europe 2 6 -115 -292 0 0 -113 -286 

East_Europe 0 1 -54 -136 0 0 -53 -135 

FSU 1 3 -281 -718 5 13 -275 -702 

KOSAU 173 450 -21 -53 7 20 159 417 

CAJANZ 0 0 -95 -240 5 15 -90 -225 

NAF 16 41 -19 -48 30 73 27 67 

MDE 5 12 -50 -126 48 79 2 -34 

SSA 782 2029 -19 -40 99 271 861 2260 

SASIA 54 141 -142 -345 204 557 116 353 

CHINA 2 5 -966 -2463 4 12 -960 -2446 

EASIA 14 36 -26 -60 46 129 33 106 

LACA 37 97 -18 -37 42 120 62 180 

 

 
 
 
2.2.6 Results from the direct impact assessment exercises 
 
 
To determine with the ICES model the economic consequences of the different impacts assessed, these 
need to be translated into changes in economic variables existing in the model. 
Accordingly: land losses due to sea-level rise have been modelled as % decreases in the stock of 
productive land by region; changes in mortality/morbidity have been modelled as changes in regional 
labour productivity; changes in land productivity by crop is already in the format of suitable input as 
ICES includes factor specific productivity as exogenous parameter. In these three cases variables 
exogenous to the model are involved and their modification is straightforward.  
Changes in  tourists expenditure are modelled as changes in demand addressing the “market services 
sector” which includes recreational services; changes in health care expenditures are translated into 
changes in the public and private demand for the “non market services” sector which includes health 
services; changes in regional demand for oil, gas and electricity are modelled as changes in the demand 
for the output of respective industries. In these last cases variables which are endogenous to the model 
are concerned, and modelling changes is more difficult. We adopted the following procedure. The 
computed percentage variations in the demands have been imposed as exogenous shifts in the 
respective demand equations. The implicit assumption is that the starting information refers to partial 
equilibrium assessment thus with all prices and income levels constant. The model is then left free to 
determine the final demand adjustments. Modification in demand structure imposes however to comply 
with the budget constraint, so we compensated the higher level of public consumption with a lower 
lever of aggregate private consumption and, within the latter, we compensated the changed 
consumption of health-care and tourism services and energy with opposite changes in expenditure 
shares for all other sectors. 
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Table 9 summarizes the results of the direct impact assessment exercises (we report only year 2050 for 
exemplification) once they have been translated in suitable inputs for the ICES model. 
 

 

 

Table 9: Climate change impacts as inputs for the ICES model (% change wrt baseline, reference 

year 2050 reference temperature +1.2, 3.1 °C wrt 2000) 

 
 

Region 

Health Land Productivity 

Labour 

Productivity 

Public 

Expenditure 

Private 

Expenditure 
Wheat Rice 

Other Cereal 

Crops 

  1.2°C 3.1°C 1.2°C 3.1°C 1.2°C 3.1°C 1.2°C 3.1°C 1.2°C 3.1°C 1.2°C 3.1°C 

USA -0.06 -0.18 -0.15 -0.28 -0.02 -0.03 -5.66 -18.89 -6.19 -20.37 -8.18 -25.15 

Med_Europe 0.01 0.01 -0.10 -0.18 0.00 -0.01 -1.14 -8.33 -4.62 -18.94 -2.00 -11.84 

North_Europe 0.06 0.16 -0.35 -0.88 -0.01 -0.03 1.50 -7.74 -5.90 -26.01 50.00 107.82 

East_Europe 0.09 0.23 -0.47 -1.18 -0.01 -0.02 -1.13 -10.50 -2.64 -13.57 -4.60 -18.35 

FSU 0.16 0.40 -0.41 -1.03 -0.01 -0.03 -6.12 -21.92 -7.47 -24.64 -9.73 -30.10 

KOSAU -0.43 -1.14 0.57 1.62 0.04 0.11 -7.78 -17.00 -2.90 -7.41 -3.11 -7.38 

CAJANZ 0.09 0.22 0.03 0.24 0.00 0.00 -0.74 -12.33 -1.87 -14.31 -2.24 -15.17 

NAF -0.28 -0.69 2.02 4.42 0.10 0.23 -12.81 -42.14 -10.78 -41.00 -12.62 -45.97 

MDE -0.22 -0.34 1.34 1.82 0.10 0.14 -8.40 -32.40 -11.73 -38.52 -13.60 -43.12 

SSA -0.31 -0.84 0.47 1.34 0.07 0.19 -9.89 -26.33 -7.17 -21.43 -8.81 -25.36 

SASIA -0.11 -0.30 0.28 0.76 0.06 0.17 -2.96 -14.92 -4.89 -18.89 -6.61 -22.99 

CHINA 0.14 0.37 0.65 1.80 0.06 0.17 0.93 -2.30 0.50 -3.61 -1.42 -8.25 

EASIA -0.11 -0.32 1.05 2.96 0.06 0.17 2.45 -0.54 0.34 -4.98 -1.15 -8.50 

LACA -0.14 -0.39 0.68 1.98 0.07 0.19 -6.69 -21.71 -6.61 -23.38 -8.25 -25.78 

 

Region 

Sea-Level Rise Tourism Households' Energy Demand 

Land Losses 

Market 

Services 

Demand 

Expenditure 

Flows 
Natural Gas Oil Products Electricity 

  1.2°C 3.1°C 1.2°C 3.1°C 1.2°C 3.1°C 1.2°C 3.1°C 1.2°C 3.1°C 1.2°C 3.1°C 

USA -0.03 -0.05 -0.68 -1.76 -0.44 -0.11 -13.67 -35.31 -18.52 -47.84 0.76 1.96 

Med_Europe -0.01 -0.01 -1.86 -4.82 -0.26 -0.07 -12.68 -32.76 -15.84 -40.91 0.76 1.96 

North_Europe -0.02 -0.04 7.54 19.47 1.86 0.48 -13.75 -35.51 -15.52 -40.09 -2.20 -5.68 

East_Europe -0.02 -0.05 -2.46 -6.37 -0.06 -0.02 -12.93 -33.41 -17.39 -44.92 0.76 1.97 

FSU -0.01 -0.01 0.00 -0.01 0.00 0.00 -13.02 -33.65 -17.39 -44.92 0.75 1.94 

KOSAU -0.01 -0.01 -1.31 -3.39 -0.07 -0.02 nss nss -13.03 -33.66 12.31 31.81 

CAJANZ 0.00 -0.01 5.54 14.30 1.36 0.35 -5.05 -13.04 -12.63 -32.63 -4.80 -12.40 

NAF -0.02 -0.04 -2.52 -6.52 -0.05 -0.01 -8.60 -22.22 -13.25 -34.22 5.95 15.37 

MDE 0.00 -0.01 -4.67 -12.07 -0.50 -0.13 -13.12 -33.89 -17.39 -44.92 0.74 1.92 

SSA -0.07 -0.14 -4.43 -11.46 -0.08 -0.02 nss nss -6.51 -16.83 16.35 42.23 

SASIA -0.20 -0.43 -1.21 -3.12 -0.07 -0.02 nss nss nss Nss 20.38 52.65 

CHINA -0.05 -0.09 -4.99 -12.90 -0.76 -0.20 nss nss nss Nss 20.38 52.65 

EASIA -0.32 -0.66 -4.69 -12.11 -0.29 -0.07 nss nss nss Nss 20.38 52.66 

LACA -0.02 -0.05 -2.68 -6.92 -0.64 -0.16 nss nss nss Nss 21.37 55.20 

Notes:  

nss non statistically significant. 

Expenditure flows in US$ trillions 
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As it is all evident, impacts are highly differentiated across regions and by typology. First, except for the 
case of land losses to sea-level rise, they are not all negative necessarily. For instance labour and land 
productivity could decrease in some regions, but increase in others responding to regionally 
differentiated climatic stimuli and to different health characteristics of  the labour force or crop and 
land characteristics. Consistently with a consolidated literature, land productivity tends to increase in 
mid to high latitude countries and decrease in low latitude countries. Labour productivity decreases 
were vector borne diseases dominate (the developing world), tend to increase elsewhere where reduced 
cold related mortality overcompensates the increased heat related mortality. Second, impacts concern 
both the supply and the demand side of the economic system. In the first case they can be defined as 
“good” or “bad” quite unambiguously 10: for instance a decrease in labour productivity due to adverse 
health impact or in the availability of productive land due to sea-level rise are sure initial losses for the 
economic system. In the second case, when agents preferences change, determining the “quality” of the 
impact is more difficult. Indeed,  when the demand for a given good or service (say e.g. energy 
demand) decreases, consumer expenditure is typically reallocated toward all the other goods and 
services. Consequently, the final impact on utility cannot be determined a priori, but only at the end of 
a fully fledged general equilibrium exercise. As said, demand-side impacts involve changes in demand 
for market services, changes in households energy demand and changes in non market services 
demand. The first two are quite larger than other impacts and affect sectors of the economy which 
generate high value added. Consistently with changes in tourism flows the demand for market services 
increases in colder regions whose climatic attractiveness increases. The result of the CAJANZ aggregate 
is dominated by the Canada effect. It decreases elsewhere; note particularly the negative impact on the 
“hotter” Mediterranean Europe. The use of gas and oil products declines everywhere as less are 
necessary for heating purposes, while electricity demand increases especially in hotter regions reflecting 
higher use of air conditioning.    

This general picture points out that negative impacts, and the higher of them, are clearly concentrated 
in developing countries. This highlights their higher vulnerability to climate change with respect to 
developed economies which is a combination of a higher exposure and sensitivity.  

 
 
3 Assessing climate change cost for the economy: A general equilibrium 
perspective 
 
 

3.1 Economic model and benchmark  

The economic implications of climate change have been determined using a multi-country world CGE 
model: ICES. Based on the Global Trade Analysis Project (GTAP) database version 6 and core model 
(Hertel, 1996), ICES develops a recursive-dynamic growth engine where a sequence of static equilibria 
are linked by the process of capital accumulation driven by endogenous investment decisions. The 
specification of the supply side of the model follows Burniaux and Truong (2002), which increase the 
detail in the description of energy production. The model runs from 2001 to 2050 in one year time 
steps.  

As a first step, the benchmark for the period 2001-2050 has been built. Investment choices and thus 
capital stock are determined endogenously, other key economic variables in the calibration dataset of 

                                                 
10 In this statement we disregard distributional implications across income groups or classes within the same country.  
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the model have been exogenously updated, to identify a hypothetical general equilibrium state in the 
future (this methodology is described in Dixon and Rimmer (2002)). 

Our chosen reference is the social economic scenario A2 of the IPCC. 

Since we are working on the medium to long term, we focused primarily on the supply side variables 
projecting changes in the national endowments of population/labour, land, natural resources, as well as 
variations in factor-specific and multi-factor productivity. 

We obtained estimates of future regional labour stocks from Van Vuuren et al. (2005) whereas 
estimates of land endowments and agricultural land productivity have been obtained from the IMAGE 
model version 2.2 (IMAGE, 2001). A rather specific methodology was adopted to get estimates for the 
natural resources stock variables. Due to the uncertainty in the determination of their “true” amount 
we preferred to fix exogenously the price of the natural resources, making it variable over time in line 
with the GDP deflator, while allowing the model to compute endogenously the stock levels. In the 
specific case of oil, coal and gas we set their price evolution to mimic what forecasted by EIA (2008).   

By changing the calibration values for these variables, the CGE model has been used to simulate a 
general equilibrium state for the future world economy. This is the benchmark for all subsequent 
exercises. Therefore, this benchmark corresponds to the case in which no economic impacts of climate 
change have taken place, whereas the counterfactual scenarios consider the effects generated by one or 
more impacts.  

 

3.2 Simulation and results  

 

The economic implications of the impacts calculated in table 9 are reported by Figures 2, 3 and 

summarized for 2050 by Figure 4 which also shows the relevance of each single impact category. 

For the world as a whole, all the impacts jointly considered, can impose a bill ranging from the 

0.3% to the 1% of GDP  in 2050 depending on the temperature increase scenario. These global 

figures hide important regional differences though. While developed regions loose slightly, or even 

gain like in the case of Europe, especially its northern part, developing regions can lose 

considerably more. For a temperature increase of 3.1° C wrt 2000 for instance, South East Asia, 

South Asia, Sub Saharan Africa and Northern Africa can experience a GDP contraction of the 4%, 

3%, 2.6%, 2.4% respectively. This final effect can be decomposed in its different determinants. For 

instance it is interesting to note that the bulk of losses in developing countries is due to negative 

impacts on GDP driven by the dynamics in agricultural and tourism markets, while for developed 

countries climate change impacts on tourism activity, affecting the service sector, are of paramount 

importance. It is also interesting to note the time pattern of GDP impacts. In the case of 

Mediterranean Europe that eventually gains from climate change, GDP performances with climate 

change are lower than those of the benchmark until 2035. They are higher only afterwards when 

positive terms of trade effects and international capital inflows counterbalance negative impacts 

(see below).    

It is worth commenting the negligible impact on GDP exerted by land and capital losses due to sea 

level rise and those related to health impact. This depends mainly on the fact that GDP measures the 

flow-value of goods and services produced within a region, and accordingly does not measure 

directly endowment (stock) losses. These are recorded only “indirectly” in GDP as long as they 

change the region’s ability to produce goods and services.  
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CC (1.2° C) vs baseline: Real GDP (% change)
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Figure 2. Final climate change impact +1.2°C wrt 2000: GDP 

 

CC (3.1° C) vs baseline: Real GDP (% change)
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Figure 3. Final climate change impact +3.1°C wrt 2000 
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Climate Change Impacts: Summary
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Figure 4. Final climate change impact: % change in regional GDP wrt no climate change baseline 

(ref. year 2050) 

 

That is why for instance catastrophic events deploying their effect on property values typically 

determine negligible impacts if measured in GDP changes. In addition, our assessment cannot 

capture other important cost determinants like for instance displacement costs not to mention the 

value of human life. As said, these could, at least in principle, be evaluated by a direct costing 

approach. Thus the cost of climate induced sea-level rise can be measured multiplying the quantity 

of land (and/or capital and/or population “dwelling” that land) loss, times its “value”; health impact 

of climate change can be economically assessed multiplying disability adjusted life years (DALY) 

by a “value” of life. With a general equilibrium assessment costs are instead quantified by the 

different performance that the economic system can attain because of those initial losses.  

A systemic assessments can capture the economic system ability to adapt to the initial loss though. 

Market-driven adaptation mechanisms are indeed crucial in determining the final cost of climate 

change as shown by Figure 5 which compares a “direct” with a “welfare” assessment
11

. 

 

                                                 
11 To calculate the direct cost of sea level rise we multiply the total value of regional land endowments by the percent of 

land loss; to calculate the direct cost of impacts on land productivity we apply the percentage change in crop 

productivity to the value of the respective agricultural sector production; to calculate the direct cost of impacts on 

labour productivity we multiply the total years diseased times the annual per capita GDP ; the direct cost of impacts on 

tourism demand is determined directly by the change in tourism expenditure ; direct cost of changes in energy demand 

is the product of the percentage change in energy demand times the total residential energy expenditure; direct cost of 

changes in health care demand are determined directly by changes in heath care expenditure.  
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Figure 5. Direct vs final climate change costs (+3.1°C wrt. 2000 ref. year 2050) 

Note: Direct economic costs are expressed as a % of 2050 GDP; final costs are expressed as % 

changes in 2050 GDP wrt the no climate change baseline value 

 

Social economic systems show a great capacity to smoothing initial impacts. In general, when a 

factor of production becomes scarcer and thus more costly or less productive, it tends to be 

substituted with others which are cheaper or more productive. Similarly happens with goods and 

services in consumers’ preferences. Thus, following market signals, market-driven adaptation 

operates as a partial buffer of initial shocks. This mechanisms is however “neutral” as it works 

indifferently with positive and negative shocks as can be appreciated in Northern Europe and 

CAJANZ. 

In addition to factor and good substitution processes which always smooth the initial impacts, our 

exercise captures other two adaptive mechanisms that can amplify or smooth the initial impact: 

terms of trade effects and international capital movements. 
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CC (3.1°C) vs baseline:  world prices (% changes) 

-20

-15

-10

-5

0

5

10

15

20
02

20
05

20
08

20
11

20
14

20
17

20
20

20
23

20
26

20
29

20
32

20
35

20
38

20
41

20
44

20
47

20
50

Rice

Wheat

CerCrops

VegFruits

Animals

Wood Prod

Fishing

Coal

Oil

Gas

Oil_Pcts

Electricity

Water

En_Int_ind

Oth_ind

MServ

NMServ
 

Figure 6. Climate change impact on world prices 

 

 

CC (3.1°C) vs Baseline: terms of trade (% changes)
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Figure 7. Climate change impact on terms of trade 
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CC (3.1°C) vs baseline: international capital flows (% changes)

-8

-6

-4

-2

0

2

4

6

8

2
0
0
2

2
0
0
5

2
0
0
8

2
0
1
1

2
0
1
4

2
0
1
7

2
0
2
0

2
0
2
3

2
0
2
6

2
0
2
9

2
0
3
2

2
0
3
5

2
0
3
8

2
0
4
1

2
0
4
4

2
0
4
7

2
0
5
0

USA

Med_Europe

North_Europe

East_Europe

FSU

KOSAU

CAJANZ

NAF

MDE

SSA

SASIA

CHINA

EASIA

LACA
 

Figure 8. Climate change impact on international capital flows 

 

As shown by figure 6, compared to the benchmark, climate change impacts induce higher food 

prices, driven by the net decrease in agricultural productivity and lower fossil fuel prices, 

determined by the decrease in world energy demand consequent the lower production. On 

international markets, this tends to favour developed regions which generalizing can be defined 

energy importers and sometimes food exporters and penalize energy exporters and more generally 

developing countries. Indeed terms of trade changes are particularly negative for Middle east and 

North Africa and positive for CAJANZ, USA, the three European aggregates and Kosau (Figure 7).   

The different penalization of economic activity determines also a different ability in attracting 

foreign investment (Figure 8). In the model these flows originate from the equalization of returns to 

capital which are higher in those regions where aggregated demand and thus prices 

increase(decrease) more(less). This is again the case of Northern Europe, CAJANZ and 

Mediterranean Europe which experience a net capital inflow. 

Thus developed regions that experimented already lower direct negative impacts than developing 

countries and  lower direct costs (if not gains) can also benefit from improved terms of trade and 

capital inflows showing a greater autonomous adaptive capacity. 

The implications of this can be grasped in the particularly enlightening case of Mediterranean 

Europe where initial negative impacts (of around 4% of GDP in 2050) are even turned into gains.  

What are the implications at the sectoral level? This is another issue that can be addressed with a 

CGE exercise. As a general trend, consistently with the GDP contraction world wide, negative signs 

prevail. More in detail, sectoral production is adversely affected in agriculture and in energy sectors 

– see Table 1010. The first are hit by decreased crops’ productivity and the second by the 

worldwide reduction in energy demand. Note however that in “hot regions” like Mediterranean 

Europe and the developing world, electricity production increases. This is fostered by the increased 

space cooling demand from households. Market services production tends to decrease as a response 

to decreased recreational services’ demand in those regions like Mediterranean Europe and other 

hotter countries which become less attractive climatically and as tourism destinations. The opposite 

happens in Northern EU and in Canada whose climatic attractiveness increases.    
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Table 10: Climate change impacts on sectoral production: + 3.1°C wrt 2000, ref. year 2050 
USA Med_Eu North_Eu East_Eu FSU KOSAU CAJANZ NAF MDE SSA SASIA CHINA EASIA LACA

Rice -3.46 3.18 1.14 0.21 -0.99 -0.55 -10.09 -9.07 6.18 -3.77 -5.39 -1.11 -1.75 2.10

Wheat -10.27 -1.12 6.28 0.85 -3.11 -0.10 3.03 -5.69 5.10 -3.57 -1.38 -0.99 0.04 -1.84

CerCrops -9.85 -1.05 48.39 -2.14 -4.53 1.61 -3.01 -7.35 -1.77 -1.60 -3.73 0.58 -1.45 -3.20

VegFruits -10.08 0.79 21.76 -0.11 -4.28 0.16 -3.14 -4.89 3.79 -0.99 -4.17 1.65 0.62 -2.76

Animals -3.96 2.56 -2.33 -0.01 -3.18 -1.19 -7.89 -5.54 3.33 -4.56 -6.14 -1.61 -1.47 1.07

Wood Products 0.71 2.16 -14.50 0.87 1.29 -0.94 -20.36 -0.05 8.29 -0.83 -4.07 -1.01 -2.86 2.72

Fishing 2.11 8.77 -8.09 1.53 1.89 2.12 -18.75 -0.99 7.54 -3.08 -4.45 -0.55 0.52 3.31

Coal -0.15 0.06 -2.13 -0.69 -0.19 -0.08 -1.24 0.38 0.62 0.65 0.56 0.64 0.58 0.58

Oil -0.54 -0.61 -0.72 -0.75 -0.31 -0.55 -0.83 -0.25 -0.22 -0.25 -0.29 -0.20 -0.27 -0.30

Gas -4.93 -14.51 -13.84 -16.62 -5.84 -1.71 -3.99 -1.49 -2.43 -0.26 -0.43 2.46 0.55 2.28

Oil_Pcts -2.28 0.72 -0.77 -1.10 -7.58 -0.63 0.97 -7.13 -9.19 -6.16 1.28 3.55 6.42 4.64

Electricity -0.18 1.68 -16.16 -2.58 -1.47 3.39 -13.45 4.01 3.78 10.95 7.39 4.73 13.83 16.44

Water 0.84 5.92 -11.66 0.71 -0.64 1.51 -14.18 -0.77 2.75 -1.96 -0.79 0.30 1.21 2.84

En_Int_ind 0.10 3.54 -10.46 0.26 0.01 -1.27 -13.05 2.47 13.00 2.44 -3.52 -0.75 -2.46 4.05

Oth_ind 1.80 5.11 -12.22 2.03 -1.79 -0.14 -14.87 -4.45 9.68 -3.91 -6.22 -0.98 -1.71 2.55

MServ -0.74 -0.21 10.70 -1.83 0.33 -1.95 7.25 -2.85 -7.17 -4.56 -4.13 -4.64 -5.43 -5.82

NMServ 0.36 -1.20 -2.21 -0.24 -2.20 1.31 -1.26 0.29 -2.67 -0.83 2.60 2.59 1.90 0.85

Int. Inv. Flows -0.67 0.72 6.30 -2.37 -4.87 -1.47 2.41 -4.66 -5.84 -4.93 -5.79 -4.30 -5.22 -5.28  
 

 

To conclude, we address the issue of impact interactions. Basically what is the value added of 

conducting a joint impact assessment respect to performing a set of disjoint impact assessment 

exercises and then sum the individual results to get the total effect? This is quantified by Figure 9 

showing that there is a detectable differences between the GDP effects of all impacts together and 

the sum of the GDP effect associated to each single impact. In particular it can be noted that 

impacts jointly considered produce a higher cost estimate than that derived summing the single 

GDP effects. Our exercise thus highlight an interaction among impacts which, if neglected, tends to 

underestimate climate change costs.   
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Figure 9. Role of Impact interaction: % difference between GDP costs of all climatic impacts implemented jointly and the 
sum of GDP costs associated to each impact implemented individually 
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4 Conclusions 

The proposed exercise conveys some clear and robust messages. 

 

- Also in the light of the still limited set of climatic impacts considered, climate change 

raises important distributional and equity issues. Higher negative impacts are felt in 

developing regions which are poorer and facing already severe challenges for their 

development. The bigger threat seems to concern food availability either directly in term of 

lower agricultural production and indirectly in terms of higher food prices. High income 

countries are hit less severely or even gain slightly from climatic change. This evidence 

justifies support from the richer countries to the poorer ones. 

- The comparison of GDP implications of climate change at the world level with those at the 

macro-regional level highlights another important aspect of the issue: when the detail of the 

investigation increases high losses emerge which are otherwise hidden within a global 

assessment. This stresses the need to tailor carefully the scope of any climate change impact 

assessment as results are scale-dependent. 

- The inclusion of market-driven adaptation changes dramatically the economic impact 

assessment of climate change, thus any impact and consequently cost benefit assessment of 

climate change policies should not neglect this aspect. The risk is to define unnecessary or 

un-effective strategies likely to lead  to maladaptive practices. 

- Finally and more importantly some fundamental qualification of our results are in order. 

GDP impacts shown are calculated only on a sub set of potential adverse effects of climate 

change (possible consequences of increased intensity and frequency of extreme weather 

events and of biodiversity losses for instance are not included); irreversibilities or abrupt 

climate and catastrophic changes to which adaptation by autonomous mechanisms  can be 

only limited are neglected; the present assessment assumes costless and instantaneous 

market driven adjustments; finally the world is currently moving on an emission path 

leading to a higher temperature increase than that consistent with the A2 scenario. In the 

light of all that, what proposed here, should be taken just as the lowest possible bound for 

climate change costs and it is still far from negligible. The main message we would like to 

convey thus is that albeit its impact smoothing potential, market-driven adaptation cannot 

be the solution to the climate change problem: its distributional and scale consequences 

need to be addressed with policy-driven mitigation and adaptation strategies.   
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