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Abstract

This paper presents and discusses some quantitative results obtained in assessing the economic impact of 
variations in tourism flows, induced by climate change, for some Mediterranean countries. Estimates by a 
regional climate model are used to build a Tourism Climate Index, which indicates the suitability of climate, 
in  certain locations,  for  general  outdoor  activities.  As climate  change is  expected to  affect  a  number of  
variables like temperature, wind and precipitations, it will have consequences on the degree of attractiveness  
of  touristic  destinations.  We found,  contrary  to  some findings in  the  literature,  that  climate  change  will  
generate  positive  effects  for  tourism  in  most  northern  Mediterranean  countries.  We  estimate  the 
macroeconomic  consequences of  increased tourism flows by means of  a computable  general  equilibrium 
model. We found that more incoming tourists will increase income and welfare, but this phenomenon will also 
induce  a  change  in  the  productive  structure,  with  a  decline  in  agriculture  and  manufacturing,  partially 
compensated  by  an  expansion  of  service  industries.  We  found  that,  in  most  countries,  the  decline  in 
agriculture entails a lower demand for water, counteracting the additional demand for water coming from 
tourists and bringing about a lower water consumption overall.
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1. Introduction

Among  the  many  impacts  that  climate  change  can  have  on  the  economy,  the  impact  on  tourism 
activities is one of the most important, especially in some regions. Climate conditions are obviously 
crucial  in  determining tourism destination  choices,  so any change in  climate  conditions  will  have 
consequences  in  terms  of  number  of  incoming/outgoing  tourists,  tourism  revenues,  consumption 
patterns, income and welfare.

A number of studies have been conducted on the likely impact of climate change on tourism. Some 
studies just describe the new climate conditions that will emerge in the future (Amelung and Moreno, 
2009, Perch-Nielsen, Amelung and Knutti, 2010). Some other studies goes beyond that, by estimating 
the implied variations in tourism flows (Hein, 2007). Very few contributions actually investigate the 
macroeconomic, systemic implications of changes in the production volume of the tourism industry, 
especially at the international level (Berrritella et al., 2006, Bigano et al., 2008, Galeotti and Roson,  
2012).

Most  studies focus on the effects  of higher temperatures on tourism destination choices.  However, 
temperature is just one of the various climate variables which may affect tourists' decisions, which also 
depend  on  the  nature  of  recreational  activities.  For  example,  higher  temperatures  and  lower 
precipitations may be bad for winter tourism (e.g., at alpine ski resorts), but may be good for summer 
tourism (e.g., at the beaches). 

A very  interesting  approach  is  based  on  building  a  composite  index  of  “climate  suitability”  for 
recreational  activities  (Mieczkowski,  1985).  The  most  diffused  and  known  index  is  the  Tourism 
Climate Index (TCI), measuring the appropriateness of climate conditions for outdoor activities, which 
are especially relevant for summer tourism. Furthermore, summer tourism is by far the most important 
type of tourism, particularly in areas like the Mediterranean.

This paper uses some recent estimates of monthly TCI for a set of Mediterranean countries, which have 
been produced in the European research project WASSERMed1. Assuming some sensitivity of tourism 
flows to TCI, forecasts of TCI can be used to predict future tourism flows, as illustrated in Section 2 of 
this paper. Those findings have subsequently been used to set up a simulation exercise with a multi-
regional computable general equilibrium (CGE) model. Considering the average expense per tourist in 
each  country,  all  variations  in  tourism  flows  have  been  converted  into  additional  income,  and 
introduced in the CGE model as exogenous shocks. Results of the simulation exercise, presented in 
Section 3, allow assessing the macroeconomic implications of the expansion of the tourism industry. 
Implications for water demand are considered in Section 4. Variations in water demand are due to the  
direct effect of water use by tourists, as well as to the indirect change in water consumption coming 
from production  activities,  most  notably  agriculture.  Finally,  Section  5  provides  some concluding 
remarks.

2. Changing Climate Conditions and Tourism Flows in the Mediterranean

We consider here eight Mediterranean countries: Spain, France, Italy, Malta, Slovenia, Croatia, Greece 
and Cyprus.2 Table 1 shows the total number of nights spent by tourists in each country, followed by 

1 WASSERMed (Water Availability and Security in Southern Europe and the Mediterranean Region) is a research project  
funded by the European Commission in the 7th Framework Program (contract no. 244255). For more information: 
http://www.wassermed.eu . 

2 Our choice has been dictated by data availability.
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the monthly distribution, where each number represents the percentage of total nights associated with a 
specific month.

Table 1. Total nights and monthly distribution 2009 (source: EUROSTAT, 2010)

Kampragou et al. (2012) have processed the output3 of the regional climate model RACMO2 (driven 
by the  global  model  ECHAM5-r3)  to  obtain  the  TCI  index for  a  set  of  Mediterranean  countries, 
including those considered here. The TCI is calculated on the basis of rates assigned to sub-indices, 
referring to precipitation,  temperature,  humidity, sunshine duration and wind speed. An increase in 
temperature causes a relative increase in TCI values, which explain why (a) the highest value for the 
TCI index is found in Greece in July (August in the future), and (b) the global warming generally 
brings about an increase in the TCI.

Table 2. Estimates of TCI at present (1991-2010) and future (2036-2065) time

Amelung and Viner (2006) investigate the relationship between TCI values and arrivals of tourists in 
Mallorca. From their simple regression analysis it is found that a 1% increase in the TCI would trigger 
an increase in the number of nights/arrivals of about 21.87%. Assuming this elasticity value for the 
whole Mediterranean, considering the baseline data of Table 1, together with the estimated variations in 
the TCI reported in Table 2, it is possible to get an estimate of changes in tourists' nights per country 

3 These data have been produced by the European research project ENSEMBLES.
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COUNTRY Nights (M) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Greece 61.1 1.6 1.7 2.2 4 9.7 14.8 19.6 21.9 14.5 6.2 2 2
Spain 349.4 4.6 5 6 7.5 8.3 9.9 14 16.4 10.4 8 5.1 4.9
France 294.7 3.9 4 4.6 5.4 8.3 9.2 19.7 22.6 8.6 5.4 3.9 4.3
Italy 357.9 4.1 4.2 4.4 5.7 7.7 11.6 18.1 21.5 10.5 5.4 3 3.8
Cyprus 12.9 2.6 2.7 4.1 6.4 10.2 12.4 14.2 16.1 13 11.3 4.5 2.6
Slovenia 8.1 6.1 6.2 5.7 7.1 7.5 9.3 14.9 16.8 9 7 4.9 5.4
Croatia 37.5 0.9 0.8 1.2 3.6 7.3 14.2 26.2 28.2 12.2 3.5 1 0.8
Malta 6.9 4.8 5.6 6.3 7.9 8.4 9.6 12.9 13.9 10.6 9.4 5.8 4.6

TCI PRESENT
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Greece 58.23 61.85 67.16 73.62 86.35 94.38 95.01 94.91 91.22 76.08 64.03 58.20
Spain 55.26 60.09 63.63 70.21 78.58 91.18 93.25 93.01 86.51 70.81 59.74 56.04
France 51.35 55.44 61.65 66.58 73.58 85.97 89.79 87.08 77.02 62.36 55.12 51.23
Italy 55.83 59.95 63.93 71.05 80.54 89.90 92.11 91.86 85.93 71.53 60.42 55.80
Cyprus 64.14 68.07 72.21 79.79 91.36 94.29 94.29 94.43 94.29 90.07 78.71 64.57
Slovenia 51.15 56.38 59.90 67.15 74.68 86.83 91.18 89.23 77.45 62.98 54.88 51.33
Croatia 53.36 57.12 63.72 70.23 81.06 91.90 94.35 94.00 85.42 67.89 57.74 53.18
Malta 61.00 63.00 67.00 73.00 77.00 89.00 94.00 94.00 94.00 89.00 74.00 62.00

TCI FUTURE
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Greece 59.16 63.82 68.73 76.35 90.36 94.99 95.09 95.15 93.76 81.47 64.94 59.84
Spain 56.31 60.29 64.91 72.75 83.75 92.67 94.11 94.22 90.50 74.32 61.62 57.85
France 52.00 56.81 61.32 66.53 76.08 88.08 92.05 91.74 81.58 64.79 56.10 51.79
Italy 56.29 61.38 65.13 72.54 83.85 91.76 93.13 92.92 88.59 74.47 61.92 57.42
Cyprus 66.57 70.07 75.86 85.14 94.14 94.21 93.07 91.43 94.43 91.64 83.36 67.71
Slovenia 52.10 57.00 61.38 66.88 77.95 90.50 94.03 92.25 82.23 63.65 55.95 53.08
Croatia 54.18 60.22 64.20 71.20 85.18 93.94 94.80 94.77 89.02 70.25 59.15 54.05
Malta 65.00 69.00 71.00 72.00 82.00 94.00 94.00 94.00 94.00 90.00 79.00 64.00



and month, as illustrated in Table 3.

It can be readily seen that tourism flows are generally expected to increase, with only a few exceptions 
(e.g., Cyprus in July and August, Malta in April). The AVG column shows the yearly increase, which is 
a weighted average of monthly variations, with weights given in Table 14. The largest improvements in 
climate conditions and tourism flows are expected to occur in Malta (February, November, January and 
May), Cyprus (April), Spain (May), Greece (October).

Table 3. Estimated variation in future tourism flows (monthly and yearly average)

EUROSTAT (2008) provides information, at the country level, on the “tourism balance”, which can be 
regarded as the difference between tourism expenditure by foreigners and expenditure by nationals 
traveling abroad. This balance is positive for all countries in our set, which means that they are net 
exporters of tourism services.

When a country becomes more attractive as a touristic destination, we can expect to see more incoming 
tourists  and  less  outgoing  tourists.  However,  we  have  not  here  enough  data  to  reliably  estimate 
variations in the flow of national tourists traveling abroad. Therefore, in order to roughly calculate the 
change in net receipts obtained in the future, we have just applied the yearly average of Table 3 to the 
surplus of the tourism balance in 2006 (2005 for Greece). 

Table 4. Changes in net receipts (M€ 2006)

Results shown in Table 4 are estimates of additional income spent by foreign tourists in each country, 
as a consequence of the higher attractiveness induced by the climatic change. They are the starting 
point for an analysis of the systemic effects induced on the whole economic structure, presented in the 
following section.

3. Macroeconomic Implications

The economic impact of an increase in foreign tourists is characterized by two main effects: (a) more 
income, earned abroad, is spent in the hosting country, (b) the pattern of final consumption changes, 

4 Therefore, changes in the seasonal distribution of tourism flows have not been considered.
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AVG Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Greece 0.40% 0.35% 0.70% 0.51% 0.81% 1.02% 0.14% 0.02% 0.06% 0.61% 1.55% 0.31% 0.61%
Spain 0.60% 0.41% 0.07% 0.44% 0.79% 1.44% 0.36% 0.20% 0.28% 1.01% 1.08% 0.69% 0.71%
France 0.70% 0.28% 0.54% -0.11% -0.02% 0.75% 0.54% 0.55% 1.17% 1.30% 0.85% 0.39% 0.24%
Italy 0.45% 0.18% 0.52% 0.41% 0.46% 0.90% 0.45% 0.24% 0.25% 0.68% 0.90% 0.54% 0.64%
Cyprus 0.23% 0.83% 0.64% 1.10% 1.47% 0.67% -0.02% -0.28% -0.69% 0.03% 0.38% 1.29% 1.06%
Slovenia 0.65% 0.41% 0.24% 0.54% -0.09% 0.96% 0.93% 0.68% 0.74% 1.35% 0.23% 0.43% 0.75%
Croatia 0.40% 0.34% 1.18% 0.17% 0.30% 1.11% 0.49% 0.10% 0.18% 0.92% 0.76% 0.54% 0.36%
Malta 0.62% 1.43% 2.08% 1.31% -0.30% 1.42% 1.23% 0.00% 0.00% 0.00% 0.25% 1.48% 0.71%

Surplus 06 Increase
Greece (05) 8591 34.26
Spain 27445 164.23
France 12065 83.87
Italy 11969 54.24
Cyprus 1133 2.55
Slovenia 652 4.23
Croatia 5692 22.88
Malta 355 2.22



with more demand concentrating on services, which include hotels, restaurants, transports, etc. The 
additional demand for domestic services pushes upwards the price of internal resources like labour, 
capital  and land. All  domestic  products,  as a consequence,  become relatively more expensive than 
foreign products,  causing some substitution of domestic goods with imports  in the production and 
consumption processes. This loss of competitiveness deteriorates the balance of trade and causes a 
change in the whole structure of the economic system.

In order to effectively assess these system-wide effects, we carry out an analysis with a Computable 
General  Equilibrium model. The model is  an adaptation of the standard GTAP model described in 
Hertel and Tsigas (1997)5. A CGE model is a very large non-linear system, including market clearing 
conditions and accounting identities, tracing the circular flow of income inside an economic system. 
The  model  is  typically  calibrated  using  national  accounting  data,  and  simulation  exercises  are 
performed by shocking exogenous variables and parameters.

We have used the CGE model to simulate the effects of more incoming tourists in the Mediterranean 
countries considered in the previous section. The exercise is implemented by increasing international 
income transfers (with values as displayed in Table 4), while simultaneously shifting,  by the same 
amounts, the demand for services produced in each of the eight Mediterranean countries. A counter-
factual equilibrium is then computed by the model, in which all markets clear and all agents comply 
with their budget constraints (receipts equal expenditures).

Figure 1 shows the estimated percentage change in national income, which depends on the magnitude 
of the shock, as well as on the share of the tourism industry in the overall domestic production. 

Figure 1

Higher  income  levels  allow  to  expand  consumption  by  households,  thereby  raising  welfare.  The 
Equivalent Variation (EV) is a money-metric measure of welfare effects, indicating what change in 
initial income would have had the same impact on welfare. Figure 2 shows the estimated EV for the 
countries at hand, measured in millions of U.S. Dollars (2004). Our findings indicate that the increased 

5 Extensive documentation on the GTAP model is available at http://www.gtap.org .
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attractiveness of northern Mediterranean countries expand welfare in a way which is  equivalent  to 
receiving money, from a minimum of 2.85 (Malta) to a maximum of 253.65 (Spain) millions of dollars.

Figure 2

Not everybody gains in this game, though. As stated above, the additional demand from foreign tourists 
creates an inflationary pressure, which amounts to an appreciation of the real exchange rate, affecting 
the terms of trade, the trade balance and the firms' competitiveness on the foreign markets. Figure 3 
displays  the  estimated  change  in  the  production  volume  of  three  aggregate  sectors  (Agriculture, 
Manufacturing and Services) in the Mediterranean countries.
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Figure 3

As one can see, the expansion in the service industries comes at the expense of the other two sectors,  
particularly Manufacturing. This is an example of a phenomenon, which is known in the literature as 
“the Dutch disease”6, and the meaning is that higher competitiveness in the tourism industry brings 
about lower competitiveness elsewhere. The whole productive structure of a country changes,  with 
possible consequences in terms of distribution of income and wealth.

4. Water Consumption

It is often feared that an expansion of tourism in areas like the Mediterranean, which are already water 
stressed (particularly during the summer), may exacerbate the water management problems, especially 
by creating conflicts for access to water resources between agriculture and tourism activities.

Savvides et al. (2001) estimate that one night stay by one tourist generates a demand for 0.465 cubic 
meters of water. Assuming this value for the whole Mediterranean, one can easily covert results like 
those in Table 3 in terms of additional demand for water, coming from the tourism sector. However, we 
showed in the previous section that the expansion of tourism is associated with a decline in agriculture 
and manufacturing. 

The reduction in agricultural production is especially relevant here, because agriculture covers about 
2/3 of total water usage in the region. Therefore, even a modest decline in agriculture could more than 
compensate the increased tourists' demand. In any case, not all water savings obtained in agriculture 
could be redirected to support water consumption by tourists. Much of the water used in agriculture is 

6 The Dutch disease (Corden and Neary, 1982) is a concept that explains the apparent relationship between the increase in  
exploitation of natural resources and a decline in the manufacturing sector. The mechanism is that an increase in  
revenues from natural resources (or inflows of foreign aid) will make a given nation's currency stronger compared to that  
of other nations, resulting in the nation's other exports becoming more expensive for other countries to buy, making the 
manufacturing sector less competitive. While it most often refers to natural resource discovery, it can also refer to any  
development that results in a large inflow of foreign currency, like an increase in tourism receipts.
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“green water” (Antonelli, Roson and Sartori, 2012), which is water embedded into the soil moisture,  
typically  employed  by  rainfed  agriculture.  Water  used  for  irrigation,  which  could  potentially  be 
transferred to other uses, is termed instead “blue water”. Possible conflicts over the utilization of water  
resources only refer to blue water resources.

The green/blue water composition of agricultural water demand is very variable in the countries under 
consideration. Almost all water used in Croatia is green water; therefore, agriculture is not significantly 
subtracting water resources to tourism in that country. The opposite occurs in Cyprus, where about 71% 
of all water usage in agriculture is blue water.

Roson  and  Sartori  (2010),  using  data  from  Chapagain  and  Hoekstra  (2004),  estimate  water 
consumption per unit value of production in a set of agriculture industries. These data can be used to 
roughly calculate the change in water demand associated with changes in industrial outputs. The result, 
which refers to the indirect  effect  on water demand associated with the expansion of tourism, can 
therefore be compared with the direct consumption of water by tourists,  as shown in Table 5 and 
graphically displayed in Figure 4.

Table 5. Changes in water consumption (m3/year)

We see that the net effect of higher demand from tourism and lower demand from agriculture is net 
savings in water usage for all countries, with the exception of Malta, where the decline in agricultural 
production is negligible. Even the difference between tourism demand and blue water consumption by 
agriculture  turns  out  to  be  positive  for  most  countries  under  consideration,  suggesting  that  the 
expansion of tourism activities is not likely to create conflicts for access to water resources.

This is a somewhat surprising and non trivial finding of our analysis. It has been obtained here because  
the change in water demand has been assessed into a general equilibrium framework, in which systemic 
and second-order effects can be detected. 
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Figure 4

4. Conclusions

Climate change may generate positive effects for tourism in most northern Mediterranean countries, at 
least in the medium term. This is  because much of the tourism in the area is related with outdoor 
activities  during  the  summer,  which  actually  benefit  from  higher  temperatures  and  reduced 
precipitations. This effect is well captured by a composite index (TCI), which considers temperatures 
alongside other climatic variables.

In this paper, we presented some early estimates of the likely impact of changing climate conditions for 
tourism flows  in  eight  Mediterranean countries.  In  addition  to  assessing  the  increase  in  incoming 
tourists'  flows  and  receipts,  we  analyzed  the  system-wide  consequences  of  the  inflow of  foreign 
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currency.  For all  countries in  the set,  the  stronger  tourism attractiveness  results  in  higher national  
income,  consumption  levels  and  welfare.  However,  distributional  effects  are  felt  through  the 
contraction of production and competitiveness in those industries not directly linked to tourism.

This generates some interesting and unexpected consequences in terms of water consumption.  The 
increase in tourists' arrivals and stays implies a higher demand for water from the tourism industry but, 
nonetheless, the reduction of production volumes in agriculture brings about a global reduction in water  
demand.  Even  if  attention  is  confined  to  “blue  water”,  that  is  the  water  used  for  irrigation  and 
potentially transferable to alternative uses, net water savings remain positive in most Mediterranean 
countries.

To the best of our knowledge, this is the first study in which, by assessing higher tourism attractiveness 
into a general equilibrium framework, this kind of effect is detected and highlighted.

References

Amelung, B., Moreno, A. (2009) Impacts of climate change in tourism in Europe. PESETA-Tourism  
study, JRC Scientific and Technical Reports, European Commission, Joint Research Centre Institute for 
Prospective Technological Studies, Seville.

Amelung, B., Viner, D. (2006) “Mediterranean tourism: Exploring the future with the tourism climatic 
index”, Journal of Sustainable Tourism, vol. 14(4), pp. 349-366.

Antonelli, M., Roson, R., Sartori, M. (2012)  Systemic Input-Output Computation of Green and Blue  
Virtual Water Flows With an illustration for the Mediterranean region, Mimeo.

Berrittella, M., Bigano, A., Roson, R., Tol, R.S.J. (2006) “A General Equilibrium Analysis of Climate 
Change Impacts on Tourism”, Tourism Management, vol.25(5), pp. 913-924.

Bigano, A., Roson, R., Tol, R.S.J. (2008)  “Economy-wide Impacts of Climate Change: a Joint Analysis 
for Sea Level Rise and Tourism”, Mitigation and Adaptation Strategies for Climate Change, vol. 13(8), 
pp.765-791.

Chapagain, A.K., Hoekstra, A.Y. (2004) Water Footprints of Nations, Volume 2: Appendices, Value of 
Water Research Report Series No. 16, UNESCO-IHE Delft.

Corden,  W.M.,  Neary,  J.P.  (1982)  “Booming  Sector  and  De-industrialisation  in  a  Small  Open 
Economy”, The Economic Journal, vol. 92, pp. 825–848. 

EUROSTAT (2008)  Tourism Statistics,  eurostat pocketbooks, Office for Official Publications of the 
European Communities, Luxembourg.

EUROSTAT (2010) Seasonality in tourism in the EU27 in 2009, eurostat newsrelease STAT/10/175 19 
November 2010.

Galeotti, M., Roson, R. (2012) “Economic Impacts of Climate Change in Italy and the Mediterranean: 
Updating the Evidence”, Journal of Sustainable Development, forthcoming.

Hein, L. (2007) The Impact of Climate Change on Tourism in Spain, CICERO Working Paper 2007:02.

Hertel,  T.W.,  and  Tsigas,  M.E.  (2007)  “Structure  of  GTAP”,  in:  T.W.  Hertel  (ed.),  Global  Trade 
Analysis: Modeling and Applications, Cambridge University Press.

Kampragou, E., Manoli, E., Arampatzis, G., Assimacopoulos, D. (2012)  Direct and Indirect Climate 
Change  Impacts  on  Tourism  in  the  Mediterranean  Basin, Deliverable  4.3.3  of  the  EC-FP7 

10



WASSERMed  Project,  Water  Availability  and Security  in  Southern  Europe  and  the  Mediterranean 
Region.

Mieczkowski,  Z.,  (1985) “The tourism climatic  index:  A method of  evaluating world climates  for 
tourism”, Canadian Geographer, vol. 29(3), pp. 220-233.

Perch-Nielsen, S.L., Amelung, B., Knutti, R. (2010) “Future climate resources for tourism in Europe 
based on the daily Tourism Climatic Index”, Climatic Change, vol. 103, pp. 363–381.

Roson, R., Sartori, M. (2010) Water Scarcity and Virtual Water Trade in the Mediterranean, University 
Ca' Foscari of Venice, Dept. of Economics Research Paper Series No. 08/10.

Savvides,  L.,  Dorflinger,  G.,  Alexandrou,  K. (2001)  The Assessment  of  Water Demand of  Cyprus, 
Ministry of Agriculture, Natural Resources and Environment, Water Development Department, Food 
and Agriculture Organization of the United Nations (FAO), Land and Water Development Division, 
TCP/CYP/8921 Reassessment of the island's water resources and demand Objective 1 – Output 1.5.1.

11


