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1. Objectives of EIBURS-CLIBIO



Introduction

Objective 1:
To estimate the welfare losses with respect to the changes 
in biodiversity and ecosystem functioning directly driven 
by climate change.

3. Focus: 
Forest Ecosystem at European scale

Objective 2:
To Integrate the Value into welfare economy.. (to be re- 
arranged)

The research questions:
1. How to attach a value to biodiversity? And thus how to 

measure this value change wrt. cliamte change?
2. How to integrate this value to the social economy, i.e. 

put it into the CGE model?
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2. Assessing the Climate Change Impacts on Forest 
Ecosystem



Overall Methodological Framework (1/2)

Developing Economic Valuation Strategies to Monetize 
the Climate Change Impacts

Step 1. Classification of the selected European countries in 
terms of their latitude locations

Step 2. Mapping and quantification of the ecosystem goods 
and services provided by European forests – MA approach

Step 3. Projections on the European forest areas as well as 
the quantity of the wide range of forest ecosystem goods and 
services - following IPCC storylines

Step 4. Economic valuation of ecosystem goods and 
services provided by the European forests 2005-2050
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Projections

MA 
Approach

Relatore
Note di presentazione
We grouped the 34 selected European countries in terms of their latitude locations so as to identify the related sensitivities to climate change. 

Next, the Millennium Ecosystem Assessment (MEA) approach is applied to provide a comprehensive mapping of the forest ecosystem goods and services (EGS) and to assess the interrelation between forest ecosystem and human wellbeing. 

Furthermore, projections are constructed to estimate the future trends of the same EGS in both physical and monetary terms, following the newest IPCC storylines. 

Particular attention is given to the development of economic valuation strategies with respect to each type of MEA ecosystem service. 



The Regrouping of the Countries 

Table 1 Geographical grouping of the 34 European countries 

Geographical groupings Latitude 
classification 

Countries included 

Mediterranean Europe Latitude N35-45° Greece, Italy, Portugal, Spain, Albania, Bosnia and 
Herzegovina, Bulgaria, Serbia and Montenegro, Turkey, TFRY 
Macedonia 

Central-Northern Europe Latitude N45-55° Austria, Belgium, France, Germany, Ireland, Luxembourg, 
Netherlands, Switzerland, Croatia, Czech Republic, Hungary, 
Poland, Romania, Slovakia, Slovenia 

Northern Europe Latitude N55-65° Denmark, United Kingdom, Estonia, Latvia, Lithuania 

Scandinavian Europe Latitude N65-71° Finland, Iceland, Norway, Sweden 

 
Note:  these 34 European countries are chosen based on the classification 
reported by the European Forest Sector Outlook Study 1960-2000-2020 main 
report, covering two of the three sub-regions: i.e. Western Europe and 
Eastern Europe, whereas Russia Federal is excluded from our computation 
(See UNECE/FAO(2005) for information about the 3 sub-regions).  

Geographical grouping of 34 European Countries 



Step 2 Mapping of ecosystem goods and services 
provided by European forests - MA approach

Table 2 A general classification of Ecosystem Goods and Services for European Forests 

Types of Ecosystem Services Examples 

Provisioning Services Food, Fiber (e.g. timber, wood fuel), ornamental resources, etc. 

Regulating Services Climate regulation, water regulation, erosion regulation, etc. 

 
Supporting 
Services 

Cultural Services Recreation and ecotourism, aesthetic values, spiritual and religious 
values, cultural heritage values, etc. 

 Source: adapted from MEA (2003)

Provisioning 
Services

Regulating 
Services

Wood Forest Product

Non Wood Forest Product

Climate regulation: 

i.e. Carbon stocked in the forest



Provisioning Services-(1) Wood Forest Products (WFPs)  
Industrial 

Roundwood 
(Million 

m3/yr) 

Wood 
pulp 

(Million 
t/yr) 

Recovered 
paper 

(Million 
t/yr) 

Sawnwood 
(Million 

m3/yr) 

Wood-
based 

panels 
(Million 

m3/yr) 

Paper and 
paper board 

(Million 
t/yr) 

Wood fuel 
(Million 

m3/yr) 

 

Sources: The WFPs are chosen based on the European Forest Sector Outlook Study 
1960-2000-2020 main report (UNECE/FAO, 2005); The NWFPs are derived from 
FAOSTAT/FRA (2005)

Provisioning Services-(2) Non-Wood Forest Products (NWFPs)  
Plant Products 

Food 
(t) 

Fodder 
(t)   

Raw 
material for 

medicine 
and aromatic 

products (t)  

Raw 
material for 
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(t)  
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(t)  
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(t)  
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plant 

products 
(t) 
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Living 
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s 
(units)  
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and 
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(t)  
 

Bush meat 
(t)  
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Raw 
material for 
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and dyes (t)  

 

Other 
edible 
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(t)  
 

Other 
non-

edible 
animal 

products 
(t) 

 
 



Understanding of the IPCC Storylines

A1 
(Rapid and successful economic 

development)
• Population (106): 376
• High savings and high rate of investments 
and innovation at national & international 
level
• Cumulative CO2 (ppm): 779
•ΔTemperature (ºC): 4.4 
• Precipitation Europe(%): -0.5

A2 
(A differentiated world)

• Population (106): 419 
• Eonomic growth is uneven in the 
world
• Income per capita: largely increased
•Cumulative CO2 (ppm): 709
•ΔTemperature (ºC): 2.8
•ΔPrecipitation Europe(%): 0.5

B1 
(Global sustainable development)

•Population (106): 376
• High investment in resource efficiency
• Distribution Efficiency: Hgih
• Cumulative CO2 (ppm): 518
•ΔTemperature (ºC): 3.1 
•ΔPrecipitation Europe(%): 4.8

B2 
(Local and regional sustainable 

development)
• Population (106): 398
• Human welfare, equality, and 
environmental protection
• Cumulative CO2 (ppm): 567
•ΔTemperature (ºC): 2.1
•ΔPrecipitation Europe(%): 2.7

Global Regional

Economic

Environmental

Note that for the purpose of 
creating emissions scenarios 

as a result of this development, 
the IPCC assumes that no 

intentional action is taken in 
response to global warming. 

Relatore
Note di presentazione
Each of the IPCC storylines, provide a narrative descriptions of plausible future worlds as a function of major driving forces, such as population growth, economic development and technological change 



The future surface covered by forest is results not only of climate consequence but also of political and social choices 

In particular with respect to the forest evolution they …



Forest area

Advanced Terrestrial 
Ecosystem Analysis and 
Modelling - ATEAM model

IMAGE 2.2 Integrated 
Assessment Model on 
commodity demands at the 
European scale (IMAGE team, 
2001)



Provisioning services

Global Forest Resources 
Assessment 2005: Progress 
towards sustainable forest 
management, FAO Forestry 
Paper no.147



ATEAM 
(A1, A2, B1, B2)

percentage change 

Harvested timber is taken as 
an indicator for wood supply. 
The wood supply (the amount 
of stem wood removed from 
the forest) is related to forest 
production. 

Provisioning services
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Where:

i= country

j= IPCC scenarios

K= forest area

Stocked carbon

from ATEAM project 

(A1, A2, B1, B2)

from ATEAM project 
(A1, A2, B1, B2)

Carbon storage in tree 
biomass and forest soils

Relatore
Note di presentazione
Considerando l’effetto combinato di variazione della superficie destinata a forest e la produzione di C per ettaro, si definisce la produzione di carbonio totale per ciascuno stato.

Carbon storage in tree biomass and forest soils can be taken as an indicator for greenhouse gas regulation ability of forests.







Stocked carbon: 2005 vs 2050 storylines

Projection of stocked carbon in 2050 
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A Review of Economic Valuation Methods

TEV of Forest 
Ecosystem goods

and services

Market priced 
benefits

Un-priced 
benefits

Wood Forest 
Products (WFPs)

Climate Regulation
(i.e.CO2 Seq.)

Recreation Passive use values 
(e.g. existence value)

Non Wood 
Forest Products 

(NWFPs)

Provisioning 
services

Regulating
services

Cultural 
services

Market price 
analysis

Cost 
Assessments

Meta analysis and
Value transfer

Graphical illustration 
of the methodology 
to value forest 
ecosystems



WFPs: 
– Total Revenues derived from Forest Industry in 2005 (Source: 

FAOSTAT)
– Unit value of Forest is computed for 2005 (US$ per T/M3 per country)

NWFPs (excluded from the final computation)
– Hardly find market data for all countries under consideration
– Not easy to project under IPCC scenario

CO2 regulation
– Tavoni et al.2007 estimated unit value of CO2 in 2005 for 20$/Mt

Cultural Value
– WTP estimates for recreational or/and passive use value of Forests 

(selected CVM and TCM studies from non-market valuation 
database.)

– Worldwide Meta-analysis (Ojea et al.2008) and Regional Value 
Transfer

TEV of Forest in Europe – 2005 Status Quo



Lower Bound Estimation of TEV in 2005  

1. The present value estimate is under estimated as many of the value 
components cannot be quantified.

2. The economic contribution of Forest EGS varies across latitudes due to 
the different predominant forest types.

Total Economic Values of Forest Ecosystem in 
Different Latitudes (Status Quo in 2005)
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Projection of the Future TEV of Forests in Europe

WFPs: 
Future value of this sector is projected based on the assumption that 

the price of WFPs will keep stable for the next 50 years (Clark, 
2001 )

CO2 regulation
FEEM-CASES (i.e. Cost Assessment for Sustainable Energy 

Systems) project for the projected price of carbon sequestration in 
2050

Cultural Value
1. Unit value estimate ($/ha) corrected by forest areas, PPP-GDP 

per capita, population under four IPCC scenarios. 

2. Aggregation of unit value over all countries located in each 
latitude grouping.



Total Value of WFPs Provided by Forests in Different 
European Regions by 2050
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An Overview of the projected TEV in 2050

1. In the same latitude, climate 
change may affect each 
geographical region very 
differently in terms of the 
contribution of the identical ES in 
the local economy.

2. For each type of forest ES, 
climate change impact also varies 
across latitudes. 

Total Value of Carbon Stored by Forests in Different European 
Regions by 2050
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Total Cultural Values Derived from Forests in Different 
European Regions by 2050

0 2,000 4,000 6,000 8,000 10,000

A1 2050

A2 2050

B1 2050

B2 2050

IP
CC

 S
to

ry
lin

es

Million$, 2005

Scandinavian
Europe
Northern
Europe
Central
Europe
Mediterranean
Europe



In our analysis, IPCC A2 storyline has been selected as 
benchmark as it is characterized as largest population 
and highest income per capita.
By comparing the all other three IPCC storylines, i.e. A1, 
B1 and B2 with the A2 storyline, we are able to measure 
the costs of changing in global climate for future 
scenarios.
Our computation results show that climate change is 
complex and the answer about the nature and magnitude 
of its impacts is ambiguous.

Reporting on the Valuation Results (1/4) 

Nevertheless…, 

we still can get some interesting insights from our results….



1. A1 scenario with a higher concentration of CO2 and higher ºC will result in 
welfare loss to all countries, except Scandinavian, in terms of WFPs 
benefits. 

2. In B type scenarios, consciousness of sustainable development and 
environmental protection may reduce the extraction of WFPs, which thus 
relates to a decrease in profits, like shown in B1 scenario.

3. However, one should realize that a local or national oriented sustainable 
development strategy (i.e. B2 scenario) may have positive impact on the 
social welfare.

Reporting the valuation results (2/4)

Table 1 Comparison of Total Value of WFPs for European Forests 

Mediterranean 
Europe (N35-45)

Central Europe 
(N45-55)

Northern Europe 
(N55-65)

Scandinavian 
Europe (N65-71)

A1vs.A2 -40 -6,306 -1,802 1,597
B1vs.A2 1,565 -6,115 -2,503 -2,171
B2vs.A2 2,283 1,186 -405 -1,999
A1vs.A2 -0.6% -13.3% -25.0% 4.7%
B1vs.A2 24.3% -12.9% -34.7% -6.4%
B2vs.A2 35.4% 2.5% -5.6% -5.9%

Benchmark A2 Scenario
Absolute value 

difference 
(Million$, 2005)

Change in %



Reporting the valuation results (3/4)

Table 2 Projection of Total Benefits of Carbon Storage in European Forests 

Mediterranean 
Europe (N35-45)

Central Europe 
(N45-55)

Northern Europe 
(N55-65)

Scandinavian 
Europe (N65-71)

A1vs.A2 -3,809 -11,732 -1,393 -111
B1vs.A2 3,403 4,856 144 2,168
B2vs.A2 3,587 6,428 -448 491
A1vs.A2 -22.0% -25.7% -38.3% -1.6%
B1vs.A2 19.6% 10.6% 4.0% 30.3%
B2vs.A2 20.7% 14.1% -12.3% 6.9%

Absolute value 
difference 

(Million$, 2005)

Change in %

Benchmark A2 Scenario

1. A1 scenario representing more rapid progress of economic development 
than A2, so not surprisingly we can have a loss in the benefits of Carbon 
storks from forests in all Europe.

2. In B type scenarios, consciousness of sustainable development and 
environmental protection can lead to the extension of protective forest 
area, and thus refer to welfare gains in most of the regions.

3. However, in B1 scenario, the worldwide efforts in sustainable development 
lead to high welfare gain in all regions; but in B2 scenario, these effects are 
unevenly distributed in different latitudes as local planning plays an 
essential role here. 



Reporting the valuation results (4/4)

Table 3 Comparison of Total Value of Cultural Values for European Forests 

Mediterranean 
Europe (N35-45)

Central Europe 
(N45-55)

Northern Europe 
(N55-65)

Scandinavian 
Europe (N65-71)

A1vs.A2 -862 -352 -121 18
B1vs.A2 4,156 1,795 393 1,808
B2vs.A2 3,607 633 182 1,038
A1vs.A2 -17.8% -14.2% -28.3% 1.5%
B1vs.A2 85.7% 72.5% 92.3% 152.5%
B2vs.A2 74.4% 25.6% 42.9% 87.5%

Benchmark A2 Scenario
Absolute value 

difference 
(Million$, 2005)

Change in %

1. A1 scenario is worse off comparing to A2 scenarios.

2. All B-type scenarios have positive impacts on welfare economy in terms of 
provisioning of cultural services. 

3. The comparison of the scenarios show that moving from B-type scenarios 
to A2 scenario will involve costs of policy inaction. Moreover, economic 
oriented policy may reduce the welfare gain from other ecosystem 
services, such as the enjoyment of natural environment and the knowledge 
of existence of biodiversity in the forests.   



3. Linking Biodiversity to The Provision of Forest 
Ecosystem Goods and Services



• Explore the link between theΔof 
biodiversity and theΔof forest productivity 
value, in the light of climate change 
scenarios (work in progress…)

ij IndicatorΔ Biodba ($/ha)ΔValue .*+=

4 Biodiversity indicators 
- individual (2)
- aggregate (2)

Ecosystem good and services 
(market)

- wood forest products
- carbon storage



Scenario development: informational setup

Biodiversity indicators (individual species)
- trees-biological diversity 
(estimates of the number of different tree species)

- plants-biological diversity based indicator 
(estimates of the number of different plants species)

- herptiles-biological diversity based indicator 
(estimates of the number of different herptiles species)

- birds-biological diversity based indicator 
(estimates of the number of different birds species)

- herptiles-biological diversity based indicator 
(estimates of the number of different herptiles species)

Biodiversity indicators (aggregated)
- patterns in extinctions and colonizations 
(expressed in percentage terms)



Scenario development: informational setup

Biodiversity indicators (information is mapped at)

- 2000 and the patterns in extinctions and colonizations are 
anchored with respect to 2003) – ATEAM biodiversity information

- projection for 2050 (A1, A2, B1 and B2) – ATEAM biodiversity 
indicator projections



Scenario development: informational setup

Tree species Aggregated

Richness Number Extinction Colonization

C02, $/ha

C02, total $ 

A1 A2

WFP, $/ha B1 B2

WFP, total $



For each of the 16 association measures

We can estimate biodiversity productivity estimates regarding

- polled sample
- Mediterranean region
- Scandinavian region
- work in progress North and Central Europe

across all the 4 IPCC scenarios: A1, A2, B1 and B2

tybiodiversi
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∂
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∂
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4. Integrating the Results of Economic Valuation to 
CGE Modeling



The experimental exercise with ICES model:

Data on forests’ 
productivity 

Data on carbon 
stocked in forest 

ICES 
model 

Change of World 
Economy  

Costs of 
mitigation 
policies   
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