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Background
� Climate change is generally agreed to have a profound impact on forest 

structure and dynamics

� Direct impacts (e.g. through changes in trees physiological processes) 
and indirect (e.g. by alteration of forest disturbance regime), such as:

� reduced forest productivity in the Mediterranean and continental 
Europe 

� Improved productivity in the Northern Europe � Improved productivity in the Northern Europe 

� the risk of forest fires will rise in the southern regions 

� Increased mortality is expected at the limits trees  biogeographical 
distribution 

� Unknown non-linear and threshold-type responses hinder the prediction 
of CC impacts and development of a proper measures – (e.g. IGBP in 
2003 convened a WG Development of Earth System Models to Predict 
Nonlinear Responses/Switches)

� Specific responses of individual forest components



Presentation's structure

� Introduction of the recent high resolutions climate 

change scenario for CEE, CECILIA project 

� Climate change impacts on spruce growth

� Environmental envelope modeling

� Tree growth simulator modeling

� Climate change impact on spruce bark beetle

� A synthesis (?)



From GCMs to RCMs

Cimatic model is a computer model, describing the 
atmosphere and ocean for the entire Earth, or for a 
fraction of it. 

Global Circulation/Climatic Models (GCM, e.g 
Arpege)

Regional Circulation/Climatic Models (RCM, e.g Regional Circulation/Climatic Models (RCM, e.g 
Aladin, RegCM)

From GCM to RCM – dynamic and          
statistical downscaling

Two diametrically different ways to reach 
the same

Crucial for impact studies



High resolution climate change 
scenario data for CEE

� Impact studies in complicated landuse and orography 
ask for high resolution climate data

� 6FP project CECILIA (Central and Eastern Europe 
Climate Change Impacts and Vulnerability 
Assessment), 2006-2009
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Climate Change Impacts and Vulnerability 
Assessment), 2006-2009

� Daily data on 12 climate elements distributed in 10x10 
km resolution grid

� ARPEGE-Climat (Meteo-France), IPCC A1B emision 
scenario, Aladine Climate/CZ regional climatic model 
used for CZ, SK
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Data analysis 1

� Non stationary data with strong 
N-S drift

� Correlated with elevation



Data analysis 2

� Kriging of residuals by means of 

� Ordinary kriging with final addition of the extracted global 
trend

� Universal kriging

� Kriging in the realm of IRFk (intrinsic random functions of 

order k)order k)

� Crossvalidation



Data analysis 1

... and the same has been done for 
precipitation and future time periods



Data analysis 3

Residuals kriging Universal kriging IRFk



CC impacts on trees growth

� By individual tree (stand)

� Based on Sibyla tree growth simulator

� Number of model forest stands produced

� Various management regimes applied

� Run under reference climate and climate change scenario

� Focus on production and mortality� Focus on production and mortality

� By region

� Tree growth index evaluated at a number of forest 
monitoring plots

� Response functions to climatic gradient designed

� Thermic and xeric limits modeled independently

� Climate change scenario applied
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22--33rdrd VFSVFS

44thth VFSVFS

77thth VFSVFS

Slanské vrchySlanské vrchy
400 m. a.s.l.400 m. a.s.l.
BK 64 DB 39BK 64 DB 39

Zvolenská pahorkatinaZvolenská pahorkatina
500 m. a.s.l.500 m. a.s.l.
BK 100BK 100

Kráľová hoľaKráľová hoľa
1000 m. a.s.l.1000 m. a.s.l.
SM 59 BK 27 JD 14SM 59 BK 27 JD 14

PoľanaPoľana
900 m. a.s.l.900 m. a.s.l.
SM 100SM 100

Liptovské TatryLiptovské Tatry
1300 m. a.s.l.1300 m. a.s.l.
SM 100SM 100
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11--22ndnd VFSVFS

55thth VFSVFS

66thth VFSVFS

Borská nížinaBorská nížina
200 m. a.s.l.200 m. a.s.l.
BO 100BO 100

Košická kotlinaKošická kotlina
300 m. a.s.l.300 m. a.s.l.
DB 100DB 100 Veľká FatraVeľká Fatra

800 m. a.s.l.800 m. a.s.l.
BK 65 JD 35BK 65 JD 35

SM 59 BK 27 JD 14SM 59 BK 27 JD 14

Borská nížinaBorská nížina
200 m. a.s.l.200 m. a.s.l.
BO 43 DB 57BO 43 DB 57





CC impact on spruce bark beetle

� Based on phenological model of Ips typographus PHENIPS

� Applied on sample plots as well as all country

� Daily max and avg air temperature needed� Daily max and avg air temperature needed

� Complex info on dates of individual developmental stages



CC impact on spruce bark beetle



How it may look together (just idea 
now)

� To identify the regions and forest stands were the impacts 

on trees growth and increase of bark beetle activity will be 

the most pronounced in selected future time horizons

� To consider also other � To consider also other 

parameter, such as trees 

mortality in the future

� To put it together in 

complex CC forest

vulnerability model
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