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Las medidas de adaptacién al CAMBIO CLIMATICO exigen analizar la magnitud de los
posibles IMPACTOS LOCALES sobre el bienestar humano y una variedad de sectores
estratégicos como los ecosistemas, agricultura, hidrologia, salud, energia, industria, etc...
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Las medidas de adaptacién al CAMBIO CLIMATICO exigen analizar la magnitud de los
posibles IMPACTOS LOCALES sobre el bienestar humano y una variedad de sectores
estratégicos como los ecosistemas, agricultura, hidrologia, salud, energia, industria, etc...
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La mayor parte de los ESTUDIOS se han centrado en los efectos que podrian tener los
cambios en los REGIMENES MEDIOS climaticos (IPCC AR5, 2014)

0

Sin embargo, sabemos que una PROPORCION IMPORTANTE de dichos impactos, al
menos en coste econémico y de vidas humanas, se debe a fenémenos meteoroldgicos y
climaticos EXTREMOS (p.e. sequias, olas de calor y de frio, exceso de precipitacién,
tormentas severas, tempestades ciclénicas de viento, etc). P.e. un temporal extraordinario
puede suponer por si solo una perturbacién equivalente a decenas de borrascas ordinarias,
0 una sequia de muchos meses puede tener mucho mayor impacto que la disminucién
progresiva de la precipitacion

ESCASEAN LAS PROYECCIONES cuantitativas de extremos a nivel regional y local,
especialmente en una zona tan vulnerable del planeta como la nuestra (IPCC SREX, 2012)

EspaNoOI A

extremo, ma

Del lat. extrémus.

Para el f., u. solo |la forma extremo en acep. 14.

1. adj. ltimo.

2. adj. Dicho de una cosa: Que esta en su grado mas intenso, elevado o activo. Frio, calor extremo.

3. adj. Excesivo, sumo, exagerado.

4. adj. distante (Il apartado).

5. adj. desemejante.

6. m. Parte primera o Ultima de algo, principio o fin de ello.

7. m. asunto (Il materia de que se trata).

8. m. Punto ultimo a que puede llegar algo.

9. m. Esmero sumo en una operacioén.

10. m. Invernadero de los ganados trashumantes, y pastos en que pacen en el invierno.

11. m. Mat. Término primero o Ultimo de una proporcién.

12. m. desus. padrenuestro (Il cuenta del rosario).

13. m. pl. Manifestaciones exageradas y vehementes de un afecto del &nimo, como alegria, dolor, etc. Hacer
extremos.

14. m. y f. En el futbol y otros deportes, miembro de la delantera que, en la alineacién del equipo, se sitia mas
préximo a las bandas derecha o izquierda del campo.

1

Tanto como variable o como fenémeno, es necesariamente POCO FRECUENTE, i.e. requiere
de SERIES MUY LARGAS (o agregadas) = Tratamiento estadistico DIFICIL




. Index Descriptive name Definition Units _

™t Warmest daily Tmax Seasonallannual maximum value of daily maximum °C
temperature
Thx Warmest daily Tmin Seasonal/annual maximum value of daily minimum *c
temperature
= Previous Climate
TXn Coldest daily Tmax Seasonallannual minimum value of daily maximum °C == Future Climate
temperature
TNn Coldest daily Tmin Seasonallannual minimum value of daily minimum B ) h"‘:!"
temperature 3, weather
TN10p | Cold nights Days (or fraction of time) when daily minimum Days (%) T
temperature <10th percentile weather
TX10p | Cold days Days (or fraction of time) when daily maximum Days (%)
temperature <10th percentile
TNYOp | Warm nights Days (or fraction of time} when daily minimum Days (%)
temperature >30th percentile
TX0p | Warm days Days (or fraction of time) when daily maximum Days (%)
temperature >90th percentile ?
5 Frost days frequency of daily minimum temperature <0°C Days
4
R Tropical nights Frequency of daily minimum temperature >20°C Days Il
RX1day | Wettest day Maximum 1-day precipitation mm !
I
RX5day | Wettest consecutive five days | Maximum of consecutive 5-day precipitation mm Il
I
SDil Simple daily intensity index Ratio of annual total precipitation to the number of | mm day* /
wet days (=1 mm) }‘
R95p Precipitation from very wet | Amount of precipitation from days >85th percentile mm /
days : Vi
DD Consecutive dry days Maximum number of consecutive days when Days [ N
precipitation <1 mm o o — E ° Lisbon
o 40 i s Madrid
16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Maximum Temperature (°C)

|

"Droughts Mediterranean, N
West Africa

Droughts Central North America
Northwest Australia

t Hot Days and Nigl
Warm Spells and Heat Waves

Tendencia hacia una
EXTREMIZACION CALIDA y del
CICLO HIDROLOGICO, pero con
muchas INCERTIDUMBRES y
diferencias regionales para otros
indicadores




(a) Cold Nights

(a) HadEX2 1951-2010
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EXTREMOS DE PRECIPITACION
Observaciones

(b) SDII 1951-2010
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Observaciones y Proyecciones PROBLEMATICAS para OTRAS VARIABLES (p.e. viento) Y
FENOMENOS (tormentas severas, borrascas extratropicales intensas, ciclones tropicales...)
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Metode dissenyat pel Grup de Meteorologia (UIB)
GCMs — RCMs

- Escales regionals: Downscaling dinamic amb Models Climatics Regionals
(RCMs)

- Escala local: Ajust estadistic mitjangant la correcci6 dels RCMs

GCMs |
’i
Downscaling |
Dinamic Downscaling
{,l- Estadistic
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Projeccions de Temperatura i Precipitacié per a Europa

Calculem els canvis (réegims mitjans i extrems) de les PDFs futures calibrades (2021-
2045; 2046-2070; 2071-2095) respecte d’'un passat recent observat (1981-2005)

CNRM-CM5-LR CCLM4-8-17 CLMcom
Escenaris futurs d’emissions EG-EARTH COLMA-8-17 CLMcom

rcp4.5 i rcp8.5
] HadGEM2-ES ~ CCLM4-8-17  CLMcom

e T
',,% ii \\\ MPI-ESM-LR CCLM4-8-17 CLMcom

/ A {;* p *"_@% N EC-EARTH RACMO22E KNMI
f”"?f P , R HadGEM2-ES ~ RACMO22E  KNMI

! s w5 o EC-EARTH HIRHAMS5 DMI

\ \ Qf{"‘ul NorESM1-M HIRHAMS DMI
\\ s W, / CNRM-CM5 ALADIN53 CNRM
TN B / CNRM-CMS5 RCA4 SMHI
WCRP A )‘< A EC-EARTH RCA4 SMHI
C@R D E HadGEM2ES  RCA4 SMHI
MPLESM-LR  RCA4 SMHI

IPSL-CMSA-MR  RCA4 SMHI

3.2 Extreme weather events

3.2.1 Heat waves

- A spell lasting dth = 3 or more consecutive days with daily
maximum temperature above 95" percentile of observed daily
maximum temperature in summer.

PET
HWA = HWT-Tth HWF
PET(t)---—---—--—- oo
“ i Ty, thermal stress
i HWF: heat wave day frequency

Tin P i --------- r HWT: integral of the maximum daily
E E i temperatures over the duration of
' i ! each individual heat wave, and
i : HWD ) accumulated for all heat waves in a
i ! i given time interval
: : :
tl‘ d, {“ tl' time

Fig. 1. Graphical sketch of heat wave duration (HWD) and amplitude (HWA, gray shading)
exceedances. Ty, and dy, denote the thermal stress and duration thresholds, respectively.




Events over P95 of daily maximum temperature FUTURE
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Future change (multi-model mean) Std (future change multi-model)
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3.2 Extreme weather events

3.2.2 Cold spells

+ A spell lasting dth = 3 or more consecutive days with daily minimum
temperature under 5% percentile of observed daily minimum
temperature in winter.

» Future events under P5 of daily observed minimum
temperature in winter.

» Cold Spell Amplitude (CSA)

CSA =T,, CSF—CST

Tyt thermal stress

CSF: cold spell day frequency

CST: integral of the minimum daily temperatures over
the duration of each individual cold spell, and
accumulated for all cold spells in a given time interval




P5 of daily minimum temperature (WINTER)
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3.2 Extreme weather events

3.2.3 Heavy precipitation

« A spell lasting dth = 2 or more consecutive days with daily
precipitation (>= 0.01 mm) above 95t percentile of observed
daily precipitation

» Future change in seasonal precipitation days.

» Future events over P95 of daily annual observed
precipitation.
» Heavy Precipitation Amplitude (HPA)
HPA = HPT - Tth HPF
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P95 of daily precipitation (ANNUAL)
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3.2 Extreme weather events

3.2.4 Droughts

« A spell lasting dth = 3 or more consecutive days with daily
precipitation <= 0.1 mm

» P95 of observed annual drought duration

» Number of future events with a duration over P95 of
observed drought duration
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APROXIMACION: Ingredientes de gran escala

» Aplicacion del indice empirico de génesis:

Parametro GENIX
(Emanuel and Nolan, 2004)

« Ingredientes necesarios pero no suficientes ...




DOWNSCALING: Método dinamico-estadistico

» Adaptacion del método pionero de Kerry Emanuel (MIT, USA)

» Generacion de miles de huracanes sintéticos a bajo coste !!!

» Evaluacion del riesgo con gran robustez estadistica
(p-e. periodos de retorno viento extremo)

SYNTHETIC
analogues

15 January 1995




REANALYSIS 1 REANALYSIS 2

ERA-interim NCEP-ncar
20349 tracks 20276 tracks
7918 survivors 6379 survivors
200 storms/century 200 storms/century
HISTORICAL
scenario
200 storms
(per century)

#/100km  EETTTTT] WHEN > 34 kt #/100kn  EEETTTT T TR WHEN > 34 kt
century 2 8 14 20 26 cemtury 2 8 14 20 26

Density
Historical




Track
Density
Historical

GCM-01
ACCESS1.0
22539 tracks

7521 survivors

209.27 storms/century

GCM-03
Bcc-csm1.1
20439 tracks

2932 survivors

192.58 storms/century

GCM-16
GFDL-ESM2G
20348 tracks
4686 survivors

176.53 storms/century

GCM-02
ACCESS1.3
28304 tracks

8335 survivors

GCM-06
CanESM2
14750 tracks
3843 survivors

228.95 storms/century 145.90 storms/century

RCP85
scenario

198.09 storms
(per century)

GCM-17 GCM-21
GFDL-ESM2M IPSL-CM5A-MR
16884 tracks 14172 tracks
3996 survivors 2382 survivors
142.82 storms/century 96.85 storms/century
GCM-23
MIROC5
29654 tracks
9216 survivors
277.13 storms/century
10 models

vvv

GCM-07 GCM-11 GCM-12
ccsMm4 CNRM-CM5 CSIRO-Mk3.6.0
20560 tracks 30505 tracks 12085 tracks
6236 survivors 8689 survivors 2382 survivors
177.87 storms/century 265.92 storms/century 78.95 storms/century
GCM-13
EC-EARTH
32781 tracks
12359 survivors
317.18 storms/century
GCM-15
GFDL-CM3
17779 tracks
4171 survivors
/ 157.19 storms/century
GCM-22 GCM-26 GCM-27
IPSL-CM5B-LR MPI-ESM-LR MPI-ESM-MR
23922 tracks 19684 tracks 21590 tracks
6328 survivors 6708 survivors 6969 survivors
222.78 storms/century 223.04 storms/century 245.47 storms/century
GCM-24 GCM-28 GCM-29
MIROC-ESM MRI-CGCM3 MRI-ESM1
27239 tracks 22758 tracks 23950 tracks
5499 survivors 5993 survivors 6432 survivors
192.64 storms/century 212.25 storms/century 218.11 storms/century
GCM-30
NorESM1-M
10 models 22427 tracks
AAA 5914 survivors

180.36 storms/century
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Maximum Lifetime Wind - SUMMARY
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RETURN PERIOD (historical)
=

TIME
years

RETURN PERIOD (historical)

T T T
146810 5 500 5000

ERA-interim RETURN PERIOD (historical)
ST

WIND > 34 kt TIME

years 146810 50

CORR
REANO1 = 0.768
REANO02 = 0.742
MEAN =0.755
RMSE
REANO1 = 2.157
REANO2 = 4.131
MEAN =3.144
TIME T [ WIND > 34 kt TIME | Sa ) WIND > 34 kt
CHANGE: rcp85-historical
Return
Period 34 kt
Summary .
#EVENTS WIND > 34 kt
pevewrs WL
RETURN PERIOD (historical) RETURN PERIOD (historical) NCEP-ncar
TIME [ WIND > 60 kt TIME | - WIND > 60 kt
RETURN PERIOD (rcp85)
CORR
REANO1 = 0.604
REANO2 = 0.649
MEAN = 0.626
RMSE

REANO1 = 4.972
REANO2 = 8.418

TIME [T T T 1T
years 146810 50 500 5000

WIND > 60 kt

CHANGE: rcp85-historical
"

7,
s

MEAN = 6.695
T
yeazs
Return
Period 60 kt
Summary

WIND > 60 kt

#EVENTS
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