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Preface

The aim of this Deliverable wat® develop a European database of scenario drivers for
implementing and testing the CLIMSAVEitegratedAssessmenflatform (IAP). The
deliverable is divided into two parts. Part | describes the database of climatecscandri
Part 1l describes the database of seonomic scenarios. The climate scenarios are based
on existing scenariofrom the IPCC AR4 database whereas new sec@mnomic scenarios
have been developed within the project (see deliverables D3.1 feci@ptien 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 se@dmomic scenarios for use within
the IAP is described in Part Il of this delivelab

PART | T CLIMATE SCENARIO DATABASE
1. Methodology for climate change scenario development

The climate change scenarios were construgsiaythe pattern scaling metho@Dubrovsky

et al, 2005). In this approach, the scenario for a specific futemjssiors scenario and
climate sensitivity is determined as a product of the change in global mean temperature and
the standardised scenaridhe change in global mean temperature (for a selected ensission
scenario and climate sensitivity) is determinsthgthe MAGICC model (version 5.3).The
standardised scenarios were determined from outputs of 16 Global Climate Model (GCM)
simulations available from the IPGAR4 database (only GCMs withe SRESA2 emissions
simulation and which passestompletenes check were used; Table 1).

Table 1. Candidate GCMs (GCMs from IPCCG-AR4 database, which have available
SRESAZ2 emissions simulation and relevant surface weather data).

Resolution
Centre Model
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 Grou
at MPEM, 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-PlanckInstitut for Meteorology, Germany MPEHS5 192 96
Meteorological Research Institute, Japan MRCGCM | 128 64
National Centre for Atmospheric Research, USA NCCCSM | 256 | 128
NationalCentre for Atmospheric Research, USA NCPCM 128 64
Geophysical Fluid Dynamics Laboratory, USA GFCM21 | 144 | 90
Institute Pierre Simon Laplace, France IPCM4 96 72




The scenarios consist of changes in precipitation, temperature and solar radiation for each
month and each 0 6 xridob)0irdthe European Integrated Assessment Platf@a871
gridboxesfor the whole of Europe)A simple downscaling techniqweasused 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 sametlr@duture.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 todx@lored which capture some of the uncertainty associated
with different climate models and emissions scenarios.

The standardised climate change scenafar climatic characteristicX is determined by

applying regressiomelationshipg o T, Xlpi =196 1, Ce e 20188 he seri e
change in GCMbased global mean temperature (with respect to the baseline year 1985), and

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

T=zarlic+To (for temperature)
InP =kp®* i + INPy  (for precipitation)
INR=Kkg® il + INRy  (for solar radiation)

The latter two equations implyp = Py 3 exp k® qilc) andR = Ry 3 exp ks qlg). The
regression coefficierdr defines the standardised changdig [ sT;dhe change i related
to 1K change in global mean temperatur@he standardised changesRnand R may be
expresPPAd=HCexmks) T 1] sR[¥4+1DC [expkr)T 1]. The coefficients
ar, ke andkg are determinedsingthe leastsquares method.

The change in global mean temperatuis determinedisingthe MAGICC model for a set of
combinations ofour SRES emissianscenaris (Alb, A2, B1 and B2) and three values of
climate sensitivity: 1.5 (referred to as fl o

Application of the pattern scaling methoddaving determined the standardised scenario, the
climate change scenar i olgif determmed Usinthefoll@eving h ar a c t
rules:

A.-Temper at ur®e= dgffaphige: @
B. Change imprecipitation and solar radiatioll € P, R):
BlL.lIf the standardi sgd0:change i s positive (
QY [%]=1003 { e x p EYILOOtWp gls] 1 1}Tg<l) (for o
oY [%] = 1003 e x p [s¥/ nl(0g + 13)giTd ( fl Te O ol )
Application of the above two equations implies tHatill rise exponentially over
theintervalO < glc<land only |Tg ®%® dhelsgcond rle wag
implemented to avoid too large change¥ihor ITar ge o
B2. If the standardised h ange i ssPr@)tentwe tramsfo(naeP to1 g
a n digtod gl and apply the above procedure.



2. Choice of the representative subset of GCMs

2.1 Methodology

The Integrated Assessment Platform (IAP) will allow the user to selemnasions scenario
(Alb, 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 -sea$sral impacts and
vulnerabilities. In order to make the number of combinatimanageable for the user, it was
decided to include five GCMs within the IAP out of the 16 available from the {RRC
database. Thus, a methodology was developed to selgmtesentative subset of GCeat
would preserveas mucluncertaintyas possite due to betweeCM differences.

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

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

represent the inte6CM variability. In the resultant subset of tfige GCMs, the first GCM
represents the fAbestodo GCM, the second GCM r
GCMs represent the betwe&CM variability. The choice of theepresentativ€sCM subset

for thewholeof Europe vas based othefollowing analysis

()

(ii)

(iii)

For each0.5 x 0.5 gridbox (identical with the CRW0.5’ climatology), the GCMbased
presentclimate means ofemperatureand precipitationand their standardised changes
weredetermined for each GCM.

The GCMbased annual cycle of present climate monthly precipitation sums and monthly
temperature means were compared with the gridded observed values (represémed by
CRU surface climatology, CRU CL 1.0) and the GG CRU fit (separately for
temperatue and precipitation, X = T, P) was quantifiedingthe RV score:RV= 1 1
temperature®) and precipitationK)), X*ccwm is debiasedsCM simulated monthly mean
temperature and monthly precipitat sum and X, is annual average 0f,,s The
final measure of the skill of the GCM was then expressed by a single value which reflects
both RV(TAVG) (Figure Ja) and RV(PREC) (Figre b):

Q( GCM)xigml(RVeem( X) T <RV[RVgue X) T <RV (X) >| [/ var [ RV

where <...> and var[...] are an average and variance over all GCMs. The Q score was
used to find the 0besre2a)Glabb® shiows the statigtics gfr i d b o
the GCMsselected as best.

To find thecentral GCM and thé&iplet of mostdiverse GCMsa similarity measureas
needed To assess the similarity of GCMs in terms of the GB&ded climate change
scenario, each GCM s represented by adingensional positio vector, whose
components are GCMimulated changes in seasonal means of temperature and
precipitation:Recm =  To Tvav, TR T Po PwRv, Pop  ssem

To quantify the distance in this space, the Euclidian nistavas used: &, Ry =

x kil X2i)?, wherex;; andx,; are components d® andR, vectors. Thei Cent r al & GCNM
is then selected abe GCM which hasthe smallest distance from the centroid of all
GCMS Reentroid=  faf cemsy (Recm)/n, wheren is number of all GCMsp=16). Table 2
shows the number gridboxes in which individual GCMs are astoig £, 2" or 3¢
closest to theentoid and Figure 2b shows the spatial distribution of these gridboxes



Thediverse triplet of GCMsis defined ashe three GCMs, which maximiséeé sum of
betweerGCM distances, R = d(GCM,GCM,) + d(GCM,GCM) + d(GCM,GCM).
Table3 shows the frequency (number of gridboxes)th&f 10 most frequently chosen
GCM triplets in Europ@nd Figure 2c shows the spatial pattern of these triplets

Table 2: Analysis ofthe best and central GCM for Europe.Th el 1® col umns show
number of gridboxes where the GCM is the be:
il2Co dB8&€ofshow the number of gridboxes wher ¢
three best or most central GCMs.

Choosing the best GCM Choosing the central GCM
GCM iiB i2B i 3B iic i2c i 3C 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
E 3799 7598 11397 | 3799 7598 11397 72




TEMP - RV (modclﬁl»e‘d‘ vs CRU-based annual cycle of TEMP)
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Figure 1. The ability of the 16 GCMsto reproduce the annual cycle of temperature (top
panel; @) and precipitation (bottom panet b) in terms of RV, where CRU monthly
climatologies are the explanatory variable and GCM-based present dmatology
(debiased) ighe explained variable.
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Figure 2a: The best GCM in terms of Q skill score.
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Figure 2c: The triplet of three most dissimilar GCMs (the triplet which maximisesthe sum of betweerGCM 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 foundamongst the 3 most

centr al GCMs (indicatie3dC)b=zyd trhoew)v.al ue i n
RankofGCM:| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Pr( 3B) = 51 40 32 26 24 23 21 20 15 13 89 75 57 52 41 34
Pr( 3C) = 35 19 88 29 12 24 39 01 94 77 07 53 85 18 48 0.2
Sbcb,\r/leviation: E HC D G M A Y N J B R S O F P
s 382 2 B 38 9 58 208 3 & ¢

# grids triplet = T T O =S ©C o = z W ©

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 Europewide representative GCM subset.

Based on theanalysis andmaps of the best, central ananost diversetriplet GCMs the
following selections were made fosabset representirigewhole of Europe:

1 The Best GCM is selected as the GCM which is best in the largest number of
gridboxes (Tabla): MPEHS5.

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

number of gridboxes (Tabl2b): CSMK3 (note thatthe MPEH5 model, which was
found as the best GCM, is also amahgthree most central GCMs)

The diverse triplet was selected based on TableOf the ten most frequently

occuring triplets shown in the table, two triplets wdugther tested HADGEM +
GFCM21 + IPCM4, which is the rost frequently selected triplet; atthdGEM +

MRCGCM + BCM2, which is a triplet of GCMs, which has the highest sum of Q
scores of individual GCMs (and itiankedfourthin Table 3.

As aresult of this analysis we have two candidate subsetsfiege GCMs based orthe

proceduredescribed above; these are referred to as EU5a and. EDiab furthersubset was
analysed which waselected bythree members of the project teafPaula Harrison, lan
Holman and Kasper Kolk)ased on a visual assessment of maps of GCM quality and- GCM
basedtemperature and precipitation projectiomsth the aim tocapture the maximum

t

he



variability in spatial patterns of climate changeilst alsoaccouring for the quality of
individual GCMs. This subsetsr ef er r e d t o Tha threefica8ndidafe subdets are
shown in Table 4.

Table 4 Candidate subsets offive GCMs. The GCMs are ordered from left to right

according to their Quality score. B=G M sel ected as the nABestoO
selected as the Central GCM; D = GCM selected as a member of the divetsglet of

GCMs; X = GCM selected based on visual assessment.

n © = Q =2 o 9 s = o ™
S e w &N O N o ™ ) <t
n 0 =0z 0329 5% =202 73z
1 282 ¢ 88825582830 g kL
= I T O = O @ =2 = > w O =
EU5a B D C| D D
EU5b B D D|C D
3experts X X | X | X
2.3 Validation

To assesthe representativeness of the three candidate subsetdjmatic characteristicef

the five GCMs were compared with those of the origindle GCMs. The climatic
characteristicshat were analyseidcluded: GCM projected changes in annual/winter/summer
meantemperature (Figres3a-c) andannual/winter/summeprecipitation sum (Figres 3df).
The maps showhe median and the STD/median rdto thethreedifferent subsets as well as
for the 16 GCMsThe median is represented ttwe colour, and the STD/median ratio, which
indicates the betweeBCM variability, is represented by the shape of the symBgtimally,

if the subset perfectly represents the@®M set, botlthe colour and the shape should be the
same for the subset and G&M set in all gridboxeslIn reality, however, differences occur
as summarised below

T (annueBa): (Fi g
1 The large diffeences between the shape of symbolstfdn @exp@rt® subset vs
A16GCMsoO0 indicate that t heGCMwdiigblity under es
1 The green colour in Portugaouthern Italyand Greece indicatethat the increase in
temperature ithe EU5b sibset is lower thain the 16GCMs set.

T ( wi ntueBb): (Fi g
1 The yellow colour in Spain ithe EU5a and 3experts subsets indisdhat the subsets
overestimate the temperature increase
1 The green colour in Bulgaria irthe EU5b subset indicasethat the subset
underestimatethe temperature increase

T ( summeredc): ( Fi g
1 The square symbols in large areas of Europe (central Spain, central Balkan
penninsula) indicate that th8experts subset underestimates the betw&sDIV
variability. SubsetEU5a underestimates the betwge@M variability in some smaller
areas (NW otheBlack Sea)

10



Thei3expertso subset oweagedmsential& t es t emper a
The EUS5bsubseunderestimates temperatunereasesn large areas of Europe (south
of 50" latitude)

= =4

P (annuweBd): (Fig
1 The EUb5a subsetoverestimate precipitation decreasein the southestern Balkan
penninsula

P ( wi ntuede): (Fig
1 The EU5a subsetoverestimate precipitation decreasen the southeasterBalkan
penninsula
1 Precipitation decreasan the southern Iberian penninsuéae underestimated bthe
EU5asubsetaind overestimated lijie 3expertssubset

pP(winter) (Fig. 3f):
1 Precipitation decreasein major southern partof Europe are overestimated the
EU5a and 3exgrtssubsets
1 The3expertsubsebverestimateprecigtation decreasgin Germany

Overall the EU5a subset wdsund to be the most successful in representing the between
GCM variability and was therefore selected for integration into the Europearraletgg
Assessment Platform.

3. Description of the European climate change drivers

The standardised changes in winter and summer mean temperature and precipitation are
shown in Figuregl ab for the EU5a subset. In winter, most GCMs have a rsmtith or
north-east to soutlwest pattern in temperature changes with the most severe changes
occurring in the north/norteast of Europe. The CSMK2 model shows the most severe
increases in wse 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. GFCMZ21 exhibits the most severe changes and a strongsoaith gradient
whereas HaBEM 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 G&3iMnorthern and central Eurepvhilst
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 andemtadi Europe, whilst
IPCM4 is the least extreme.

Table 5 shows the Europeaneaaveragechanges in winter and summer mean temperature

and precipitation for the 2020s and 2050s time slites five GCMs and three scenario
combinations of emissionsand¢c mat e sensitivity representing
emissions and low climate sensitivity of 1.5K}ai mi ddl e scenari oo (base
anda mid climate sensitivity of 3.0K) andihi gh scenari oo (baased on
high climae sensitivity of 4.5K)

11
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Figure 3a Grid -specific changes in annual meatemperature in terms of the median value (represented by the colour) and (standard

deviation / median) ratio (represented by the shape of the symbol) derived from GClgpecific values related to a subset of 5 GCMs (top
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ATEMP (winter)
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Figure 3b: The same as Figure 3a but for changes in winter mean temperature.
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ATEMP (summer)
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Figure 3c: The same as Figure 3a but for changes in summer mean temperature.
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APREC (annual)
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Figure 3d: The same as Figure 3a but fahe changes [%] in annual precipitation.
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APREC (winter)
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Figure 3e The same as Figre 3a but for changes in winterprecipitation.
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APREC (summer)

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.
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