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Objectives

To show the main results achieved at scale of all
Peninsular Spain

To focus on hydrometeorological extremes in
Catalonia

To show other results on the evolution of natural
risks in Catalonia
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Objective: to produce regional (20 km) and local (stations)
scenarios for temperature and precipitation (averages and
extremes) for the XXI century, at daily scale in Spain, by
statistical downscaling; to focus on the uncertainty and on
the robustness of the regional scenarios

September 2009-June 2012
More info: http://www.meteo.unican.es/en/projects/esTcena




STRATEGY (follow IPCC guidelines, Wilby et al. 2004)

Project aims and
objectives

DATA quality

A 4

and quantity

A 4

Downscaling scheme under
optimal condition (Reanalysis)

min(el)

y

Calibration and
verification

v
[ Downscaling scheme under sub-optimal
condition
min(e2)
A A
Calibration and
\ verification
[ y

To generate scenario

Impact assessment
IMPACT MODEL

Spain02, 1950-2008,
20kmx20km

Extremes
E.g. heavy rainfall proportion (R95p

) /PRCPTOT) or the longest dry period

(CDD)
eUncertainty
Using different scenarios, different GCM

models, different downscaling methods

empact on Fires




Traditional approach

Dynamical downscaling OR Statistical downscaling
GCM GCM
\ 4
~ Statistical
RCM )
downscaling
y y
Downscaled data Downscaled data
Predictors Downscaling Predictands
:w 3 (T(huu mb),..., T{Sﬂ] mb); MOdeI Precipitation
: ! Z(1000 mb),..., 2(500 mb); Temperature
b H(1 000 m),..., H(s00 mo)) Regres, CCA, ...
i Y,=W'X,

Source: UC, http://grupos.unican.es/ai/meteo/ensembles/downscaling/index.html



Analog Method

This method assumes that “analogue” weather patterns (predictors) should cause
“analogue” local effects (predictands).
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Predictor(s)

1961 1990 1991 2000
calibration validation

adapted from Fernandez and Saenz (2003)




Dynamical

AND

Statistical
downscaling

Hybrid approach

Model Output Statistics
(MOS): the model output

ket for the variable of
, interest is directly
RCM downscaled using
observations or the
Statistical d'ownscaling pre_dlctlons of this
variable.
A 4
Downscaled data

Downscaling Predictands
Model —

RCM

Pracipitation
Temperature

Regres, CCA, ...
= T
Y. =WT X,

Maraun et al 2010, Themebl et al
2010, Piani et al 2010



12 RCM Simulations; 15 GCM-driven simulations; (ENSEMBLES project);

Tabla 2.1: summary of the ROM slmulstons nesped n ERAAD dara prod uesd e che EN-
EEMBLES projest The eolumns ang che aonmrm wd In this PhD these, the Insteatlon
nunning the slmulsclon, the model used and o reference publlescion.

Acronym  Institution Model Rafarance
[aft |} The Commumity Climate RCA3 .1 L .
Change Comsortiom  Bor Rjelistrm ot o, (2066)
Ircland
CHRM Centre  Mational  do  ALADIN-Climat ,
Rechorchs Moteo Fades ot al, (2002) Table 2.%: GCM-driven RO prodused for the ENSEMELES projot and ussd In chls
ralagiquas stuidy, with the cormespond g dolving & CkL
DAL Dinish Motcorologieal In- - HIHAM hritensen et al
stitute (O Acromym RCK Drriving Rafarance
ETHE Swiss Institure of Tecmol.  CLM D =CM
oy Jooger et al. (08) oAl RCAD HadCMIGIG K pelistrm of ol (2008
FIIBAT Feninklijk Mededands Mo RACMO Van Metsgannd et ol CHRR ALADIN  ARFEGE Rads o al. (9008
teorologisch Instituut (OO Dk HIRH A ARPEGE Chnigenwen of all | 300
o Haxllay Contar /UK MatOF  HadRM2 GO . . _ CRI-BOM HIRHAM — BCM Christeneen of ol [2002)
e ollinr et ul. (X006) OMI-ECHAMS ~ HIRHAM — ECHAMS Christoreen of al, [ 200F)
ICTF Abdus Salum International  RogCM3 Pal st ai, {3007} ETHZ LI HadCM3IG0  Jecger o al (2008)
Contre  Bor  Thooretical S HO HodRM200 HadCMIG0  Hewgen and Haakensatd (2005)
Physics ICTP RopCM2  ECHAMS Pal ot o, (9007)
METNO  The Morwegian Botcore  HIRHAM Hegen and Haaken. MK RACMO  ECHAM: Ven Metigaand o al. {0002)
Ingieal Irestituto catd (2005) WP M-BEMO  ECHAMS Jecob (2001
MFL Blax Flandk Institute for  B-REROD ' ) OURANCS MROC4Z] OGCRE Pimmer of o, (9005
Mutoorclogy Jacod (3001) SMHLECM RCA B Kjellstrm ot al. (900
CURAMOS  Comsertium en Regicnal  MROC42 Plhasmer e ai, (3008) SMHLECHAM: RCA ECHAMSrE  Koelistem ot ol (2008
Cliratoksy and adapia. ' o SMHLHCGQ3  ROA HadCTM3G3  Kjelitrm ot ol (2008
tion to Climate Change 1TOLA FROMES  HadCM3IG0  Samcher of of, (2004)

EMHI Swedish  Meteorological RCA

and Hydrolgioal Institute
Uniwersidad de Castilla la  PROMES
Blansha

Kalizrm of o, (2000)

DL
Sameter o al (20}




Validation

30 years for calibration, 10 for testing
2 experiments, test on driest/wettest period

standardized tine series

LYV ANV NS

o,

Y > L W ¥
Period Years
w 1996, 1969, 1997, 1979, 1963, 1972, 1977, 1989, 1971 and 1987
] Driest 1964, 1998, 1994, 1990, 1970, 1967, 1983, 1973, 1980 and 1981
I

The wettest (driest) years have been identified in this way: the annual total precipitation in wet days for each point has been standardized, spatial averaged
and finally sorted



M. Turco and M. C. Llasat: Trends in precipitation extremes in Catalonia (NE Spain), 1951-2003

Table 1: Indicators of subset of the ETCCDI precipitation indices used 1n this study.

Name Description Definition
PROPTOT (mm) Total precipitation in wet days Let RR,.; be the daily precipitation amount on a wet day w
(RE = 1 mm)inperiod 7. Then PROPTOT,; =sum(R R, ;).
SDIT (mm/d) Mean precipitation amount on awet day  If W represenis the number of wet days in period 7 then the
iSimple Daily Intensity Index) simple precipitation intensity index SDITy = sum (RE, ;) {
W,
RO5p = ROU5pT'OT)  Percentage of precipitation due to very  Let HFRwn95 be the 95th percentile of precipitation on wet
PROPTOT (%) wel days (heavy rainfall proportion) days in the base period n (1961-1990). Then R95pTOT

= sum ( RR.; ). where RR.; > RRwn95. The ratio
RUSpTOT/PRCPTOT represents the percentage of precipita-
tion due to very wet days.

RXA5DAY (mm/5d) Highest precipitation amount in five- Let RR&; be the precipitation amount for the five-day inter-
day period val k& in period 3, where % is defined by the last day. The
maximum five-day values for period 7 are RX5day; = max

(FRx;).
DD (days) Maximum length of dry spell (Consec-  Let KR ; be the daily precipitation amount on day « in period
utive Dry Days) 7. Count the largest number of consecutive days where RR;;

< | mm.




But, how well the RCMs work?

Annual precipitation climatology (1961-2000) of (a) the Spain02 grid and (b) its standard
error (see text). (c) ERA-40 annual precipitation climatology. Annual precipitation
climatologies interpolated to the Spain02 grid of the models (d) CNRM, (e) DMI, (f) ETHZ,
(g) KNMI, (h) HC, (i) METNO, (j) MPI, (k) SMHI, and (1) UCLM.

(a) Spain02

(g) KNMI: 0.85
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(f) ETHZ: 0.84

Source: Herrera
et al. 2010 JGR



STATISTICAL DOWNSCALING: the analog method as a MOS-like
downscaling for ENSEMBLES RCM-precipitation

METHOD: VERIFICATION:

« Dynamical AND Statistical « Overall, the MOS analog method is able to improve the
downscaling reliability scores for all RCMs (10)

« Analog method as a MOS, using the « It maintains the spatial coherence of the precipitation
RCM simulated precipitation as fields (which is very important for hydrology),

predictor e it is parsimonious (so that one can assume that it is also

robust) and transferable (since it performs well in the
different climates of Spain).

SPAINO2 AM, RHO 0.96* MAE 0.08* ME -0.06% KNMI, RHO 0.78* MAE 0.28* ME -0.28*

SPAINO2 AM, RHO 0.90 MAE 0.14* ME -0.07* KNMI, RHO 0.89 MAE 0.17* ME -0.12*

MORE DETAILS --> Turco M., Quintana Segui P., Llasat M. C., Herrera S., Gutiérrez J. M. Testing MOS Precipitation Downscaling for ENSEMBLES
Regional Climate Models over Spain. JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 116, D18109, 14 PP., 2011. doi:10.1029/2011JD016166



Temperature difference (2C) between the
baseline (1971-2000) and future (2021-2050)
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(top) the ensemble of all the available RCMs and (bottom) the ensemble of the best
RCMs.

The ensemble agreement is very high: the standard deviation of the ensemble members
is always around 0.5 C. (Turco, 2012, PhD)



Precipitation change (% respect to the baseline)
between the baseline (1971-2000) and future

(2021-2050) periods
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(Turco, 2012, PhD)

(top) the ensemble of all the available RCMs and (bottom) the ensemble of the best
RCMs. The colour saturation level shows the percentage agreement in the direction of
change among the ensemble RCMs.
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Figure 1. Area of Study and topography of Spanish
Iberian Peninsula and the Balearic Islands as represented
by Spain02 at 0.2° x 0.2°, showing the main river basins:
0.Catalana, 1. Norte, 2. Duero, 3. Tajo, 4. Guadiana, 5.
Guadalquivir, 6. Sur, 7. Segura, 8. Levante, 9. Ebro, B.
Baleares.

1971-2000 2021-2050
Basin Season | Observed Simulated Projected
(mm) minmean™2T |LLinmean™2T (change %)

Sur DJF 210 23188313 _ag — 511
MAM 114 16128235 gy — 7132

JIA 16 52988 _49 — 5t51

SON 144 65164292 _g35 — 1813

Segura DIJF 80 1698159 _ag — 2717
MAM a5 5304153 06 — 1736

JIA 39 » 3779 _qq + 27151

SON 107 65121182 g — 10717

Levante DJF 110 G2 128225 13 —1713
MAM 116 +5132200 _9p — 1131

JIA 61 1261126 a9 — 3137

SON 150 a5 158239 _1g — 719

Ebro DJF 140 107210350 17— 1T12
MAM 163 130231362 _9g — 6110
JIA 106 33126232 _q — 10111

SON 162 125217329 19 — 519

Catalana DJF 121 ~4130733 _o9p — 3712
MAM 160 107176248 9y — 2117
JIA 119 20106229 _og — 5128
SON 196 135226366 _ap — 5116

Baleares DJF 139 55103148 21 — 013
MAM 107 587130 _99 + 0121
JIA 39 92853 a4 + 1159

SON 179 a- 151228 17+ 0T




Precipitation change (% respect to the baseline 1971-2000)
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PRCPTOT

Change (%)

consecutive dry
days (< 1mm)

CDD

precipitation
due to very wet
days (> 95th
percentile)

r95p

maximum
precipitation in
1 day

(Turco, 2012,
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(©)

Evolution of CDD index (days/year); (a) 1951-2003, 53 years, (b)
1957-2003, 47 years, (c) 1963-2003, 41 years, (d) 1969-2003, 35
years. Significance at 99%. 30% of the territory; however, no

(b)

(d)

average trend (Turco and Llasat, 2011)




Trend: 0.4728; significant at 95%
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Years

Evolution of TN90p (% days with tmin<90%) (data from E-OBS, 1950-2008). Trend
aprox 0,5%, significance 95%.
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TREMD far tr Field significance: 100
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Evolution of TR20 (number of days with Tmin<20°C); Trend>0,2% (exc:
Pyrinean Region) significance 100%.



TREMD far tx10p Field significance: 239
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Variable fisica

Risk= hazard x vulnerability

maximo absoluto =—>

RIESGC
Banda de tolerancia R
E
C
U
R
S
Banda de tolerancia O
<— minimo absoluto RIESGO
Tiempo cronoldgico
P J The last IPCC
points to an
Water is a increase of
vital resource extremes
but outside
the The band of
acceptable tolerance
thresholds it is seems 1o
a risk decrease
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MEASURES DURING A THUND_Eﬁ‘éTOPM
iF YOU ARE IN THE

MOUNTAINS, OUT IN
THE COUNTRY OR O
THE BEACH

If you can, take refuge in a building or remain in a car with the
windows and doors closed.




TEMPORAL EVOLUTION CATEGORIES 0, 1, 2 (1982-2007)

Number events

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Time (years)

‘ =DJcategory 0 @ category 1 @ category 2 —@—Total ——Lineal (category 1) ‘

1982-2007; ordinary floods (0); extraordinary (1); catastrophiques (2).



Number of floods
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Evolucio de les inundacions a Catalunya pel periode 1901-2000

(Barnolas i Llasat, 2007)




Distribucié del nombre d'incendis forestals i hectarees cremades

90.000 1 Periode: 1970-2009* T 1400
80.000 -
A -+ 1.200
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I Ha Arbrades = Ha No Arbrades —&—N° d'incendis *dades provisonals del 2009 i fins el dia 31/10

Evolucié de l'activitat de foc a Catalunya (1 gener 1970-31 d’octubre
2009). Cortesia del Servei de Prevencio d’Incendis Forestals.
Departament de Medi Ambient i Habitatge. Generalitat de
Catalunya).



——o— Tornadoes

Tornadoes (x10)

—A— 30 years average

Annual Distribution 1950-2009
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Evolucio dels tornados i manegues




accidents a Catalunya per allaus de neu: 1986-87 a 2009-10

40

35

30 A

25

O Morts
20 - o m Ferits
O Arrossegats

nombre d'afectats

10

temporada

Nombre d’afectats per allaus a Catalunya entre les temporades
1986-87 1 2009-10. D’aquesta darrera les dades corresponen fins al
mes de marc¢ de 2010. No es disposa de dades de la temporada
1995-96.
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Today

“Corpus
Christi”
tradition

25 July 2012, Faculty of Physics, 11 a.m.
Climate Change in a Mediterranean environment (Catalonia):

Precipitation extremes, regional scenarios, impacts on forest fires
PhD: Marco Turco



Thank yo urouT‘é’FEStﬂ [

http://gama.am.ub.es blog GAMA: gamariesgos.wordpress.com;

facebook: twitter



