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El origen del problema

Lacomposicion quimica de la atmosfera se ha modificado desde el
comienzode la Revolucion Industrial por causa antropica

Atmospheric CO, at Mauna Loa Observatory
—— :

Laconcentracion actual de GO 420 T A
i Scripps Institution of Oceanography No se aprecia ).
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INTERGOVERNMENTAL PANEL on Climate change wHO UNEP

Changes in global surface temperature relative to 1850-1900

Calentamiento global

actual:1,1°C
(respecto abromedio 18561900
(6°IPCC)

https://www.ipcc.ch/report/ar6/wgl/downloads/outreach/IPCC_AR6_WGI_Press_Conference_Slides.pdf
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Lainercia del sistema climatico:
El océano, acumulador de calor,
papel termorregulador

J.Martin-Vide

A Evenif atmosphericcompositionwere fixed today, globatimean
temperatureand sedevelrise would continuedueto oceanic
thermalinertia (Wigley 20005,ScienceVol. 307 no. 5716 pp. 176

17609)

El principio de cautela o de precaucion obliga a la accion

EMERGENC IAICLAMATICA (1)

Metafora del trasatlantico



Otroscambiosobser vados é

Sep 18, 2019
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https://www.globalchange.gov/browse/indicators/arctgeaice-extent
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Disminucionde la superficie de hielo marino del Artico entre 1979
1988 y2010-2019: alrededodel 40%en septiembre(6°IPCC)

El nivel mediglobal delmaraumento
en0,20 mentre 1901 WH MYy y 0 X @
aumento aummas,3,7 mm/ano, entre
2006 y2018 (6°IPCC)



6° IPCC (202>

ipcc

climate change

Climate Change 2021

The Physical Science Basis

OEsiindiscutible;quelas-actividades
humanas-estan provocandol el cambio
climatico, haciendo;queslos.eventos
climaticosextremos; como lolas:-de icalor,
lluvias terrenciales y. seguias; sean:mas
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todo el sistema climatico y lel-estado
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La certidumbre sobre la causa antropica del cambio climéatic

66%

90%

95%

99%

3°|PCC 200d a 2 & the oBs&rved warming over the last 5
likely to have been due to the increase in greenhouse
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observed increase in anthropogercNSL S Y

59IPCC 201@ L @éxtrémély likelythat human influence has been the |
dominant cause of the observed warming since the-mid U K OS VY U

6°IPCC 202@Esinequivocoque la influencia humana ha ocasionado el

calentamiento de la atmosfera, el océano y la tierra. Se han producido

Bamfblos rapidos y generalizados en la atmodsfera, el océanono&deray la
losferea



Calentamientoregional en la cuenca del Mediterraneo

Anomaliasde latemperaturamedia annual dehire respectoal periodo
< 159 1880_;189_)9en la cuencadel Mediterraneao (azul y global yerde), y
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Evoluciode la temperaturamitjana anual per alconjunt
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La temperatura de las aguas de la costa catalana ha aumentado

Temperatures de |'aigua del mar (superficie) a |'Estartit
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El triangulo del riesgo

RIESGO

EXPOSICION



Peligro natural, sociedad y territorio

Naturaleza Sociedad Territorio

Riesgo = f (Peligro, Vulnerabilidad, Exposicion)
Risk Hazard
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EL CLIMA FUTURO

Las proyeccionesc | I mS§8 tndpr@icBioSese



Proyecciones de temperatura media anual global

Aumento proyectado
de temperatura para
2081-2100, respecto
a 1850-1900 (mejor
estimador):

Entre 1,4 (mejor
escenario) y 4,4°C
(peor escenario)

a) Global surface temperature change relative to 1850-1200

SSP5-8.5
/,H// SSP3-7.0

5P1-2.6

55P1-19

0
1
1950 2000 2015 2050 2100

Trayectorias Socioecondémicas Compartidas
SharedSocioeconomi®athwayqSSFP (SSPlsustainability SSPSpssit
fueleddevelopment the other, intermediatescenario$

6°IPCC



Cambios futuros en la precipitacion

C) precipitation
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Mayor constraste entre areas lluviosas y secas (5°y 6°IPCC)



a0

Projected changes in annual mean temperature (left) and annual precipitation (right)
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Projected changes are for 2071-2100, compared to 1971-2000, based on the average of a multi-model ensemble
forced with the RCP8.5 high emissions scenario. All changes marked with acolour (i.e. not white) are statistically
significant. Individual models from the EURO-CORDEX ensemble or higkresolution models for smaller regions may

show different results. European Environment Agency



Arctic

Temperature rise much larger than global average

Decrease in Arctic sea ice coverage

Decrease in Greenland ice sheet

Decrease in permafrost areas

Increasing risk of biodiversity loss

Intensified shipping and exp)(oitation of oil and gas resources

Northern Europe

Temperature rise much larger than global average
Decrease in snow, lake and river ice cover
Increase in river flows

Northward movement of species

Increase in crop yields )

Decrease in energy demand for heating

Increase in hydropower potential

Increasing damage risk from winter storms
INncrease in summer tourism

Coastal zones and regional seas
Sea-level rise

Increase in sea surface temperatures
INncrease in ocean acidi

Northward expansion of fish and plankton species
Changes in phytoplankton communities
Increasing risk for fish stocks

Mountain areas

Temperature rise larger than European average
Decrease in glacier extent and volume
Decrease in mountain permafrost areas
Upward shift of plant and animal species

High risk of species extinction in Alpine regions
INncreasing risk of soil erosion

Decrease in ski tourism

North-western Europe

INncrease in winter precipitation
INncrease in river flow

Northward movement of species
Decrease in energy demand for heatin
Increasing risk of river arre

Central and eastern Europe

Increase in warm temperature extremes
Decrease in surmmer precipitation
Increase in water temperature
Increasing risk of forest fire

Decrease In economic value of forests

editerranean region
Temperature rise larger than Europes
Decrease in annual precipitation
Decrease in annual river flow
Increasing risk of biodiversity loss
Increasing risk of desertification
Increasing water demand for agriculture
Decrease in crop yields

Increasing risk of Torest fire

Increase in mortality from heat waves
Expansion of habitats for southern
disease vectors

Decrease in hydropower potential
Decrease in summer tourism and
potential increase in other seaso

: Disminucion de la precipitacion anual
Disminucion del caudal de los rios

Incremento de la demanda de agua para la agricultyra
Disminucion del potencial hidroeléctrico




Proyecciones de temperatura media anual para la region mediterrane

Temperatura media
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Proyecciones de precipitacion anual para la region mediterranea

Precipitacion total
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Proyecciones de temperatura media anual para Catalunya

iodo de referencia 1971

2000), observada desde 1971 y proyectada hasta 2050, para los escenarios RCP4.5 y RCP8.5. Fzé2@) SMC (

Evolucion temporal de la anomalia de la temperatura media anual de Cataluri@ (per

Evolucié temporal projectada de les anomalies mitjanes anuals de TM {°C) a Catalunya (1971-2050)

==

H H - B -

: : * \ :

: : : — :
Im‘u.i.::..i....u_._.:. “““““““““““ I

H H H . = H

(D.) 0002—1 261 apouad nw awadsan (1) euelw eineisdws) ap saeWoUyY

2051

2041

2031

2021

2011

2001

1991

1981

1971



Proyecciones de precipitacion anual para Catalunya

Evolucion temporal de la anomalia de la precipitacion anual de Catalunya (en %) (periodo de referencia 1971

2000), observada desde 1971 y proyectada hasta 2050, para el escenario RCP4.5. FueR@G2BMC (

Evolucié temporal projectada de les anomalies mitjanes anuals de PPT (%) a Catalunya (1971-2050)
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Augment de la temperatura de l'aire
Augment de la temperatura del mar

levacio del nivell mari

Disminucié probable de la precipitacio

Augment de I’evapotranspiracio
Inundaciod de les costes baixes i deltes
Sequeres més llargues i freqiients
Reduccio dels recursos hidrics
Menor quantitat de neu

Degradacio de la vegetacio natural
Calor nocturn excessiu a les ciutats
Arribada d’espécies exotiques
Propagacié de malalties tropicals

MARTIN VIDE, J. (202Bjnergéncialimatica un paisnéscalidi secprogressivamentin Burguefio, J. (coordl)a novageografiade la Catalunygostcovid

223234, Barcelona, |IEC, 988-9965594-9



/1) Cantidades modestas

2) Elevadas:variabilidad'y disparidad interant
3) Graniirregularidad/concentracion:diaria

4) Alta intensidad diaria 'y-horaria

5) [Existenciade-periodoscsecos/prolongados

6) Problemas deraridez

jal

7) Regimenes:estacionales muycontrastados

8) Mal reparto-estacional

Mas de un 60% del
territorio P, ;< 700 mn
(umbral que separa la
Catalunya humeda de |
seca)

9) Anomaliasanuales de distintorsigno-entre. comarcas

10) Complejormapal pluviometrico.

SN OO >OMO = m

11) Sindendencias pluviometricasualegde mo@o)

Martin-Vide (1995)
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La variabilidad pluviométrica interanual

El contraste entre unos afnos relativamente lluviosos y otros muy secos

f —*“*uh__n_,_h_r,#

A Coeficiente de variacion (%) de Iz 19 7ol g T
precipitacion anual (promedio "t 7
cuenca hidrografica).

A 274 estaciones 194089

UnCV 20/22%es el mejor
criterio para distinguir la
pluviometria mediterranea |
de la de climas maritimos de \ﬁf—gr
latitudes medias.

o .
cn {:;? {:} j Martin Vide (1996)




n Cat al un y a Catalunya, 147 estaciones met.

. +26 complem.), 1961 -1990
CV<0,20Y no ( P )

mediterraneo
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Burguefio (1989)

RO000ANN

100 150

CV>0,35Y muy
variabilidad
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Cernocky Sanchez, Téllez y MartinVide (2008)
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Alta concentracion diaria de la precipitacion en el este peninsular
Distribucion espacial de los valores Gencentrationindex(Cl) de la
precipitacion diaria en la Espafia peninsular (32 estaciones, periodel939])

Cl=0,61(el 25 %de los dias mas lluviosos aporta78l%de laPanual, aprox.)

0.60 0,60

e _“HW"“ 0,59 N —
- J.MartinVide
A

0,56 5 ~%%6 0,57 059

0,57

™~ Tortosa CI=0.69

El 25% de los dias
mas lluviosos aporta
Concentrationndex, Cl el 78.1% del total
anual

Martin-Vide(2004)
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Valores delClen Europa (530 estaciones, periodo 12010, umbral 0,5 mm)
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Abstract. Daily Precipitation Concenration Index (CT) was
usad in this paper to imvestizate the statistical strocture of
daily precipitation across Europe bazed on 530 daily rainfall
senes for the perod 1971-2010. Anmual CI show: a North-
West to South-East pradient (excluding Turkey and Greecs).
The same gradient is also observed in winter, spring and au-
tumn, while in summer the gradient is North-Souwth. High-
st anoual and seasonal daily concentrations of rinfall were
detected m the western Mediterranean basin, mainly along
Spanish and French coastlands. Latitnde and distance fom
the sea seems to play a major role on spatial CI distribution;
at sobregional scale alse relief plays an important role. The
Mann-Eendall test did not identify uniform significant pat-
tem in tempaoral trend across Europe for 1871-2010 period.
The only broad areas with increasing annual and seazonal CT
wvalues are located in porthern and south-westem France and
naorthern coastlands of the Iberian Peninzula. Thiz findings
suggest that daily precipitation dismibution has not signif-
cantly changed during the 1971-2010 over Europe.

1 Imiroduction

Daily precipitation is a discrete process (fain of no rain). and
it is well represented by an exponental negative distwiba-
tion (Brooks and Carruthers, 1853). This means that there
are many days with a low ameunt of precipitation and few
intense events. Therefore, a fow daily events produce a high
percenage of the total monthly, seasonal or anmual precip-
itatton (Martin-Vide, 2004), with effects on namral systems
(erosion. flooding, droughis), man-made systems (desizn of
storm water drainage, planning and desizn of manspon net-
works, etc.), and alio socioeconomic infrastractares (water
harvesting. water surplus, etc.). Toreri et al. (2010) have re-
cently suggested that the contribution of the maxionm daily

value exceeds more than 60 % of winter rainfall around the
Mediterranean basin, and Geonzalez-Hidalgo et al. (2011a)
extended this rasult to annual totals in the same area. Thus, in
Some parts, total precipitation depends on a few rainy days,
i.e precipifation is a very highly time-compressed process.

A great deal of research has been camisd out on daily pre-
cipitation, focusing on exireme events by means of a very
beterogensous spectum of amalysis metheds, such as in-
dices, percentiles, thresholds, and exreme valus theory (Gro-
isman et al., 2005), and it is not easy to compare diffsrent
resulis (ses discussions in Reiser and Kutie, 2010; Toreti =t
al., 2010; and Drurao et al., 2010 ameng others for definifons
and concepts). However, litde information iz available on the
daily concentation of precipitation, mainly becanse of lack
of high guality daily precipifation datasets (Brunetii et al.,
20400, 2001, 2004, 2012; Brugnara et al., 2012; Reiser and
Eutizl, 2010). Some exceptions are the research in Spain by
Martin-Vide (2004). who proposad a Concentration Index,
later applied by Alijani et al (2007) in Iran and by Zhang et
al. (2009) in China, and the recent research by Burguafio ot
al. {2011 in Eurape.

Empirical smdies do pot show homogeneous results in
the analyses of temporal concentration of precipitation when
comparing the ol annual precipitation wend and the mend
of highest daily event categorias. Karl et al. (1996) and Karl
and Enight (1098) have shown that there iz an increase in the
relative contribution of intense precipitation in USA. but not
in the former U'SSE. and China Positive rends in heavy rin-
fall in summer and winter have been found in Australia and
South Africa (Suppiah and Hermnessy, 1908; Mason et al.,
19997, in anmual maximum 1-day precipitation over Nordic
countries (Forland et al., 1998), and in UK winter daily in-
tensity but not in summer (Osborn et al, 2000). Elein-Tank
and Konnen (2003) found that thers has besn a general in-
crease in anmual extreme precipitation across Europe over

FPublished by Copernicus Publications on behalf of the Enropean Geosciences Union.
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Alta intensidad: numerosos CaS0S precipitacié minut a minut i acumulada (mm)
superan el umbral de 0,5 mm/Mminentre les 03.301 les 05.30 h del16/07/2020 a Barcelona - el Raval
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Pluviogrames enregistrats per urn pluvio-
graf de tipus Jardi i un de sifé de l'obser-

vatori de Sabadell, durant la nit del 25 al
26 de setembre de 1962.
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Crestas rocosas en la carreteraBgaal Collde Pal

>7mm/min

10-8-1989

omm/min

24-7-1989

Erosion del suelo cerca @ollde Pal

Llasaty MartinVide (1991)
Elevadas intensidades diariasyinutalesen el LitoratPrelitoral sobre todo en
otofio y minutalesen el PirineePrepirineoSy ©@SNJ y2 o0ay A R;



