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Preface 

The aim of this Deliverable was to develop a European database of scenario drivers for 

implementing and testing the CLIMSAVE Integrated Assessment Platform (IAP).  The 

deliverable is divided into two parts.  Part I describes the database of climate scenarios and 

Part II describes the database of socio-economic scenarios.  The climate scenarios are based 

on existing scenarios from the IPCC AR4 database whereas new socio-economic scenarios 

have been developed within the project (see deliverables D3.1 for a description of the scenario 

methodology and D1.2 for a first draft of the scenarios resulting from the first set of 

stakeholder workshops).  The quantification of these socio-economic scenarios for use within 

the IAP is described in Part II of this deliverable. 

 

PART I ï CLIMATE SCENARIO DATABASE  

 

1. Methodology for climate change scenario development 

 

The climate change scenarios were constructed using the pattern scaling method (Dubrovsky 

et al., 2005).  In this approach, the scenario for a specific future, emissions scenario and 

climate sensitivity is determined as a product of the change in global mean temperature and 

the standardised scenario.  The change in global mean temperature (for a selected emissions 

scenario and climate sensitivity) is determined using the MAGICC model (version 5.3).  The 

standardised scenarios were determined from outputs of 16 Global Climate Model (GCM) 

simulations available from the IPCC-AR4 database (only GCMs with the SRES-A2 emissions 

simulation and which passed a completeness check were used; Table 1).   

 

Table 1: Candidate GCMs (GCMs from IPCC-AR4 database, which have available 

SRES-A2 emissions simulation and relevant surface weather data). 
 

Centre Model 
Resolution 

nx ny 

Bjerknes Centre for Climate Research, Norway BCM2 128 64 

Canadian Center for Climate Modelling and Analysis, Canada CGMR 96 48 

Centre National de Recherches Meteorologiques, France CNCM3 128 64 

Commonwealth Scientific and Industrial Research Organisation, 

Australia 
CSMK3 192 96 

Met.Inst.Univ Bonn + Met. Res.Inst., Korea + Model and Data Groupe 

at MPI-M, Germany 
ECHOG 96 48 

Geophysical Fluid Dynamics Laboratory, USA GFCM20 144 90 

UK Met. Office, UK HADCM3 96 73 

UK Met. Office, UK HADGEM 192 145 

Institute for Numerical Mathematics, Russia INCM3 72 45 

National Institute for Environmental Studies, Japan MIMR 128 64 

Max-Planck-Institut for Meteorology, Germany MPEH5 192 96 

Meteorological Research Institute, Japan MRCGCM 128 64 

National Centre for Atmospheric Research, USA NCCCSM 256 128 

National Centre for Atmospheric Research, USA NCPCM 128 64 

Geophysical Fluid Dynamics Laboratory, USA GFCM21 144 90 

Institute Pierre Simon Laplace, France IPCM4 96 72 
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The scenarios consist of changes in precipitation, temperature and solar radiation for each 

month and each 10ô x 10ô gridbox in the European Integrated Assessment Platform (23871 

gridboxes for the whole of Europe).  A simple downscaling technique was used whereby the 

broadscale climate change fields are directly applied to the higher resolution gridded baseline 

climatology.  This method adds no new meteorological information and assumes that the 

spatial pattern of current climate remains the same into the future. Whilst more sophisticated 

methods are available, they are expensive to implement and are based upon their own (often 

unquantifiable) assumptions. Alternatively, this simple method is quick and easy to apply, 

enabling a range of scenarios to be explored which capture some of the uncertainty associated 

with different climate models and emissions scenarios. 

 

The standardised climate change scenario for climatic characteristic X is determined by 

applying regression relationships to {[ȹTG, X] i; i =1961, ..., 2099} series, where ȹTG is the 

change in GCM-based global mean temperature (with respect to the baseline year 1985), and i 

is the year counter. The regression relation is assumed to be: 

 

T = aT³ȹTG + T0 (for temperature) 

lnP = kP³ȹTG + lnP0 (for precipitation) 

lnR = kR³ȹTG + lnR0 (for solar radiation) 

 

The latter two equations imply P = P0 ³ exp (kP³ȹTG) and R = R0 ³ exp (kR³ȹTG).  The 

regression coefficient aT defines the standardised change in T (ſ ȹST; the change in T related 

to 1K change in global mean temperature).  The standardised changes in P and R may be 

expressed as ȹSP [%] = 100³[exp(kP) ī1]  and ȹSR [%] = 100³[exp(kR) ī 1].  The coefficients 

aT, kP and kR are determined using the least-squares method. 

 

The change in global mean temperature is determined using the MAGICC model for a set of 

combinations of four SRES emissions scenarios (A1b, A2, B1 and B2) and three values of 

climate sensitivity: 1.5 (referred to as ñlowò), 3 (= ñmiddleò) and 4.5K (= ñhighò). 

 

Application of the pattern scaling method. Having determined the standardised scenario, the 

climate change scenario for a future characterised by ȹTG is determined using the following 

rules: 

 

A. Temperature change: ȹT = ȹTG ³ ȹsT 

B. Change in precipitation and solar radiation (Y = P, R): 

B1. If the standardised change is positive (ȹSY > 0): 

  ȹY [%] = 100 ³ {exp[ln(ȹSY/100+1) ³ ȹTG] ī 1}   (for ȹTG < 1) 

  ȹY [%] = 100 ³  exp[ln(ȹSY/100+1) ī 1]  ³ ȹTG     (for ȹTG Ó 1). 

 Application of the above two equations implies that Y will rise exponentially over 

the interval 0 < ȹTG < 1 and only linearly for ȹTG Ó 1. The second rule was 

implemented to avoid too large changes in Y for large ȹTG. 

B2. If the standardised change is negative (ȹSP < 0) then we transform ȹSP to īȹSP  

and ȹTG to īȹTG and apply the above procedure. 
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2. Choice of the representative subset of GCMs 

 

2.1 Methodology 

 

The Integrated Assessment Platform (IAP) will allow the user to select an emissions scenario 

(A1b, A2, B1 or B2), the climate sensitivity (low, medium or high) and the GCM in order to 

explore the effects of climate change uncertainties on the cross-sectoral impacts and 

vulnerabilities.  In order to make the number of combinations manageable for the user, it was 

decided to include five GCMs within the IAP out of the 16 available from the IPCC-AR4 

database.  Thus, a methodology was developed to select a representative subset of GCMs that 

would preserve as much uncertainty as possible due to between-GCM differences.  

 

The methodology, which was developed by M. Dubrovsky, aimed at defining a subset of five 

GCMs by applying two criteria: (i) quality of GCMs; and (ii)  ability of the GCM subset to 

represent the inter-GCM variability.  In the resultant subset of the five GCMs, the first GCM 

represents the ñbestò GCM, the second GCM represents the ñcentralò GCM, and three other 

GCMs represent the between-GCM variability.  The choice of the representative GCM subset 

for the whole of Europe was based on the following analysis: 

 

(i) For each 0.5 x 0.5
o
 gridbox (identical with the CRU 0.5

o
 climatology), the GCM-based 

present climate means of temperature and precipitation and their standardised changes 

were determined for each GCM. 

 

(ii)  The GCM-based annual cycle of present climate monthly precipitation sums and monthly 

temperature means were compared with the gridded observed values (represented by the 

CRU surface climatology, CRU CL 1.0) and the GCM vs CRU fit (separately for 

temperature and precipitation, X = T, P) was quantified using the RV score: RV = 1 ī 

×i=1,...,12 (XobsīX
*
GCM)

2 
/ ×i=1,...,12 (<Xobs>īXobs)

2
), where X Í { T,P}(X represents 

temperature (T) and precipitation (P)), X*GCM is debiased GCM simulated monthly mean 

temperature and monthly precipitation sum and <Xobs> is annual average of Xobs.  The 

final measure of the skill of the GCM was then expressed by a single value which reflects 

both RV(TAVG) (Figure 1a) and RV(PREC) (Figure 1b): 

 

Q(GCM) = ×XÍ{T,P} [(RVGCM(X)ī<RV(X)>)³|RVGCM(X)ī<RV(X)>| / var[RV(X)] 

 

where <...> and var[...] are an average and variance over all GCMs.  The Q score was 

used to find the ñbest GCMò in each gridbox (Figure 2a).  Table 2 shows the statistics of 

the GCMs selected as best. 

 

(iii)  To find the central GCM and the triplet of most diverse GCMs, a similarity measure was 

needed.  To assess the similarity of GCMs in terms of the GCM-based climate change 

scenario, each GCM is represented by an 8-dimensional position vector, whose 

components are GCM simulated changes in seasonal means of temperature and 

precipitation: RGCM = [ȹTDJF, ȹTMAM, ȹTJJA, ȹTSON, ȹPDJF, ȹPMAM, ȹPJJA, ȹPSON]GCM.  

To quantify the distance in this space, the Euclidian distance was used: d(R1, R2) = 

×(x1iīx2i)
2
, where x1i and x2i are components of R1 and R2 vectors.  The ñCentralò GCM 

is then selected as the GCM which has the smallest distance from the centroid of all 

GCMs (Rcentroid = ×{all GCMs} (RGCM)/n, where n is number of all GCMs, n=16).  Table 2 

shows the number gridboxes in which individual GCMs are amongst the 1
st
, 2

nd
 or 3

rd
 

closest to the centroid and Figure 2b shows the spatial distribution of these gridboxes. 
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The diverse triplet of GCMs, is defined as the three GCMs, which maximise the sum of 

between-GCM distances, Dijk = d(GCMi,GCMj) + d(GCMi,GCMk) + d(GCMj,GCMk). 

Table 3 shows the frequency (number of gridboxes) of the 10 most frequently chosen 

GCM triplets in Europe and Figure 2c shows the spatial pattern of these triplets. 

 

Table 2: Analysis of the best and central GCM for Europe. The ñÍ1ò columns show the 

number of gridboxes where the GCM is the best (ñBò) or closest (ñCò) to the centroid; 

ñÍ2Cò and ñÍ3Cò show the number of gridboxes where the GCM is among the two and 

three best or most central GCMs. 
 

Choosing the best GCM Choosing the central GCM 

GCM Í1B Í2B Í3B Í1C Í2C Í3C GCM 

MPEH5 966 1564 1950 679 1313 1884 MPEH5 

HADCM3 339 923 1519 425 715 1038 HADCM3 

CGMR 527 897 1209 73 333 706 CGMR 

HADGEM 543 822 990 688 1120 1313 HADGEM 

GFCM20 236 573 914 164 457 833 GFCM20 

MRCGCM 215 566 892 30 93 182 MRCGCM 

CSMK3 156 451 787 856 1478 1860 CSMK3 

GFCM21 164 397 755 0 5 12 GFCM21 

NCPCM 171 305 568 104 357 752 NCPCM 

MIMR 126 308 493 77 292 604 MIMR 

BCM2 101 224 339 5 27 57 BCM2 

INCM3 80 169 286 108 202 369 INCM3 

NCCCSM 39 100 215 133 322 576 NCCCSM 

ECHOG 58 123 196 376 693 941 ECHOG 

CNCM3 41 93 155 78 183 255 CNCM3 

IPCM4 37 83 129 3 8 15 IPCM4 

Ɇ 3799 7598 11397 3799 7598 11397 Ɇ 
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Figure 1: The ability of the 16 GCMs to reproduce the annual cycle of temperature (top 

panel; a) and precipitation (bottom panel; b) in terms of RV, where CRU monthly 

climatologies are the explanatory variable and GCM-based present climatology 

(debiased) is the explained variable. 
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Figure 2a: The best GCM in terms of Q skill score. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2b: The GCM closest to the centroid. 
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Figure 2c: The triplet of three most dissimilar GCMs (the triplet which maximises the sum of between-GCM distances). 
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Table 3: Choosing the triplet of most diverse GCMs for Europe.  The yellow colour 

indicates the best GCMs and the green colour the most central GCMs from Table 2.  

The pink colour indicates GCMs which are least frequently found amongst the 3 most 

central GCMs (indicated by the value in the ñPr(Í3C)=ò row). 
 

Rank of GCM: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Pr(Í3B) =  51 40 32 26 24 23 21 20 15 13 8.9 7.5 5.7 5.2 4.1 3.4 

Pr(Í3C) =  35 19 8.8 29 12 2.4 39 0.1 9.4 7.7 0.7 5.3 8.5 18 4.8 0.2 

GCM 

abbreviation: E H C D G M A Y N J B R S O F P 

# grids triplet 
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E
C
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O

G
 

C
N

C
M

3
 

IP
C

M
4

 

263 DYP       X       X               X 

247 YBP               X     X         X 

228 JYB               X   X X           

205 DMB       X   X         X           

129 MSB           X         X   X       

120 GSB         X           X   X       

112 MYB           X   X     X           

106 ADB       X     X       X           

98 CYP     X         X               X 

97 FDY       X       X             X   

#(selected) 42 357 563 1132 190 861 336 1867 406 305 1952 408 481 647 676 1174 

 

 

2.2 Defining the Europe-wide representative GCM subset.  

 

Based on the analysis and maps of the best, central and most diverse-triplet GCMs the 

following selections were made for a subset representing the whole of Europe: 

 

¶ The Best GCM is selected as the GCM which is best in the largest number of 

gridboxes (Table 2a): MPEH5. 

 

¶ The Central GCM is selected as the GCM which is the Central GCM in the largest 

number of gridboxes (Table 2b): CSMK3 (note that the MPEH5 model, which was 

found as the best GCM, is also among the three most central GCMs). 

 

¶ The diverse triplet was selected based on Table 3.  Of the ten most frequently 

occurring triplets shown in the table, two triplets were further tested: HADGEM + 

GFCM21 + IPCM4, which is the most frequently selected triplet; and HadGEM + 

MRCGCM + BCM2 , which is a triplet of GCMs, which has the highest sum of Q-

scores of individual GCMs (and it is ranked fourth in Table 3).  

 

As a result of this analysis, we have two candidate subsets of five GCMs based on the 

procedure described above; these are referred to as EU5a and EU5b.  One further subset was 

analysed which was selected by three members of the project team (Paula Harrison, Ian 

Holman and Kasper Kok) based on a visual assessment of maps of GCM quality and GCM-

based temperature and precipitation projections with the aim to capture the maximum 
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variability in spatial patterns of climate change whilst also accounting for the quality of 

individual GCMs.  This subset is referred to as ñ3expertsò.  The three candidate subsets are 

shown in Table 4. 

 

Table 4: Candidate subsets of five GCMs. The GCMs are ordered from left to right 

according to their Quality score. B = GCM selected as the ñBestò GCM; C = GCM 

selected as the Central GCM; D = GCM selected as a member of the diverse-triplet of 

GCMs; X = GCM selected based on visual assessment. 
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O
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C
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EU5a B   D   C D        D 

EU5b B   D  D C    D      

3experts X   X    X X X       

 

 

2.3 Validation 

 

To assess the representativeness of the three candidate subsets, the climatic characteristics of 

the five GCMs were compared with those of the original 16 GCMs.  The climatic 

characteristics that were analysed included: GCM projected changes in annual/winter/summer 

mean temperature (Figures 3a-c) and annual/winter/summer precipitation sum (Figures 3d-f).  

The maps show the median and the STD/median ratio for the three different subsets as well as 

for the 16 GCMs. The median is represented by the colour, and the STD/median ratio, which 

indicates the between-GCM variability, is represented by the shape of the symbol.  Optimally, 

if the subset perfectly represents the 16 GCM set, both the colour and the shape should be the 

same for the subset and 16 GCM set in all gridboxes.  In reality, however, differences occur 

as summarised below: 

 

ȹT(annual) (Figure 3a): 

¶ The large differences between the shape of symbols for the ñ3expertsò subset vs 

ñ16GCMsò indicate that the subset underestimates the between-GCM variability. 

¶ The green colour in Portugal, southern Italy and Greece indicates that the increase in 

temperature in the EU5b subset is lower than in the 16GCMs set. 

 

ȹT(winter) (Figure 3b): 

¶ The yellow colour in Spain in the EU5a and 3experts subsets indicates that the subsets 

overestimate the temperature increase. 

¶ The green colour in Bulgaria in the EU5b subset indicates that the subset 

underestimates the temperature increase. 

 

ȹT(summer) (Figure 3c): 

¶ The square symbols in large areas of Europe (central Spain, central Balkan 

penninsula) indicate that the 3experts subset underestimates the between-GCM 

variability. Subset EU5a underestimates the between-GCM variability in some smaller 

areas (NW of the Black Sea). 
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¶ The ñ3expertsò subset overestimates temperature increases in central UK. 

¶ The EU5b subset underestimates temperature increases in large areas of Europe (south 

of 50
th
 latitude). 

 

ȹP(annual) (Figure 3d): 

¶ The EU5a subset overestimates precipitation decreases in the southeastern Balkan 

penninsula. 

 

ȹP(winter) (Figure 3e): 

¶ The EU5a subset overestimates precipitation decreases in the southeastern Balkan 

penninsula. 

¶ Precipitation decreases in the southern Iberian penninsula are underestimated by the 

EU5a subset and overestimated by the 3experts subset. 

 

ȹP(winter) (Fig.3f): 

¶ Precipitation decreases in major southern parts of Europe are overestimated by the 

EU5a and 3experts subsets. 

¶ The 3experts subset overestimates precipitation decreases in Germany. 

 

Overall, the EU5a subset was found to be the most successful in representing the between-

GCM variability and was therefore selected for integration into the European Integrated 

Assessment Platform.  

 

3. Description of the European climate change drivers 

 

The standardised changes in winter and summer mean temperature and precipitation are 

shown in Figures 4 a-b for the EU5a subset.  In winter, most GCMs have a north-south or 

north-east to south-west pattern in temperature changes with the most severe changes 

occurring in the north/north-east of Europe.  The CSMK2 model shows the most severe 

increases in these areas.  In summer, the pattern of temperature change is reversed with the 

most severe increases in temperature occurring in southern Europe in all GCMs except 

IPCM4.  GFCM21 exhibits the most severe changes and a strong north-south gradient 

whereas HadGEM shows a more even distribution.  For precipitation in winter, all GCMs 

show a north to south gradient with increases in precipitation in the north and decreases in the 

south.  HadGEM is relatively drier than the other GCMs in northern and central Europe whilst 

GFCM21 is driest in southern Europe.  In summer, the GCMs also show a north to south 

pattern in precipitation changes although this is less clear in the IPCM4 model.  GFCM21 

stands out as being particularly dry in large parts of southern and continental Europe, whilst 

IPCM4 is the least extreme. 

 

Table 5 shows the European area-average changes in winter and summer mean temperature 

and precipitation for the 2020s and 2050s time slices, the five GCMs and three scenario 

combinations of emissions and climate sensitivity representing a ñlow scenarioò (based on B1 

emissions and a low climate sensitivity of 1.5K), a ñmiddle scenarioò (based on B2 emissions 

and a mid climate sensitivity of 3.0K) and a ñhigh scenarioò (based on A1b emissions and a 

high climate sensitivity of 4.5K). 
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Figure 3a: Grid -specific changes in annual mean temperature in terms of the median value (represented by the colour) and (standard 

deviation / median) ratio (represented by the shape of the symbol) derived from GCM-specific values related to a subset of 5 GCMs (top 

left: EU5a subset; top right: EU5b subset; bottom left: 3experts subset) and all 16 GCMs (bottom right). 
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Figure 3b: The same as Figure 3a but for changes in winter mean temperature. 
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Figure 3c: The same as Figure 3a but for changes in summer mean temperature. 
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Figure 3d: The same as Figure 3a but for the changes [%] in annual precipitation. 
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Figure 3e: The same as Figure 3a but for changes in winter precipitation . 
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Figure 3f: The same as Figure 3a but for the changes in summer precipitation. 
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Figure 4a: Standardised changes in winter (DJF, left column) and summer (JJA, right 

column) mean temperature for the EU5a subset of GCMs. 


