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Extreme environmental events
— Social tension and economical impacts

Climate/weather
extremes

Local anthropic
activities

2010-2017



The disproportionate effects of climate extremes
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The disproportionate effects of climate extremes
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The disproportionate effects of climate extremes
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The previous balance is a major interdisciplinary issue...
...but climatologists have their own balance

Climate Extremes

Cllmate Change
(Antropoghenlc)
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Climate Variability
(Natural)




The previous balance is a major interdisciplinary issue...
...but climatologists have their own balance

Climate Extremes




Global Perspective

' Drought . Heat . Fire 0 Heavy Rain

CATASTROPHE cnlJNT . Cold @ Snow . ETS Activity 0 Tropical Cyclones 2013
An increase in severe storms is helping to drive up the number of rec ' )
lusively attributed to climate change. e Sea Ice Extent ’ SST . MSLP Anomalies BAMS
1'200 .......................................................................................................................................................................................................

m Climatological (extreme temperature, drought, forest fire)
M Hydrological (flood, mass movement)

W Meteorological (storm)

B Geophysical (earthquake, tsunami, volcanic eruption)

- Trend

Number of recorded events

0
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Munich-RE, 2013



Global Perspective & media coverage




The scorching 2017 summer

Anomalias Tx Enero 2017
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The scorching 2017 summer

Tx Quinta Normal, Santiago (°C)
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TMax Stgo. Enero 2017: 33.1°C

Aumento por encima de la normal: +3°C

Atribuible a Cambio Climatico: ~1°C

Variabilidad Natural : ~2°C ?33_3% Valor
)

Observado

Tendencia
31.1°C ajustada

30.7°C Proyeccién
Modelos IPCC
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Déficit
Pluviométrico

The central Chile megadrought 2010-2015
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(MillS)

(2014)

magnitud

Agosto 2010-2015
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La Nina

s not all...

Central Chile winter rainfall anomaly
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The central Chile megadrought 2010-2015

Anomalias de precipitacion, MJJAS, 2010-2015
simuladas por diversos modelos. Defict observado ~30%

AMIP-ORF AMIP-NHF CMIP5/RCP8.5

TSM prescrita TSM prescrita TSM calculada

GEl actuales GEI historicos (1800) GEl actuales
Promedio muchas corridas revela Promedio muchas corridas del Promedio muchos modelos
forzamiento del oceano en clima mismo modelo (CAM5.1) revela forzamiento radiativo

NAT+ANTROP NAT’ (2/3) ANTROP (1/3)



The awful 2016 (JFM)

Clorfila, 03 Marzo 2016. MODIS



The awful 2016 (JFM)

(a) Precipitation anomalies (a) Streamflow anomalies (b) Enhanced Vegetation Index anomalies
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ENSO and SAM impacts on Patagonia during summer

El Nino SAM+
(Variabilidad Natural) (Antrépico: GEl'y 03)

Diferentes forzamiento, respuesta similar:
Condiciones anticiclonicas y sequia en Patagonia



The awful 2016 (JFM)

25 (d)Northern Patagonia
normalized precipitation
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Northern Chile Storms

March 24, 2015
Lightning detected by WWLLN
One every 10 strokes
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Northern Chile Storms

72 hr accumulated precipi'Cjtion inmm (May 11-12-13, 2017)
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(a) GFS forecast

(b) IMERG (satellite)
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Maximo diario (mm]

Northern Chile Storms

Extremos de precipitacion en La Serena
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mo diario (mm]

Maxi

Northern Chile Storms

Extremos de precipitacion en La Serena
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Conclusions |

* Extreme climate events occur by a combination
of weather, natural variability, and climate change

 Extreme events in Chile follows a distinctive
trend from global pattern

* To face the worst we need the best (strengthen
forecast, nowcast system and use this information
in emergency management)



Conclusions Il

* Climate change related circulation anomalies
have contributed to recent drought and heat
waves in Chile

* There is a potential increase in frequency of
those event in a warmer world.

* No much is now about winter and summer
storms (but we will work on that)

e Future ENSO variability is key but unkown.



Material suplementario
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Estan cambiando las tormentas sobre Chile central?

Estacion Quinta Normal, Datos Diarios
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Estan cambiando las tormentas sobre Chile central?

Estacion Quinta Normal, Datos Diarios

Number of days (4920 total) 1970-1992 1993-2015 Difference” Sig. level**
Dry days (P==0) 4052 4190 +138 (3%) 1%
Light precipitation (P: 1-10 mm) 338 282 -56 (-16%) 2%
Moderate precipitation (P: 10-30 mm) 184 175 -9 (-5%) 30%
Heavy precipitation (P>30 mm) 58 43 -15 (25%) 5%
Dry, warm days (T=13°C) 1484 1648 +164 (+10%) 0.5%

Rainy (P=5 mm), Warm days (T213°C) q 36 +17 (90%) AD

v % wem

Santiago se esta

calentando y secando... Mas tormentas calidas
ya lo sabiamos! Esto parece novedoso




Perspectiva Global. Que pasa con ENOS?

Varianza de ENOS

Ratio of El Nino variability

Nifos y Nifias mas
intensos en el sXX
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Li et al. (2013)
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Un modesto cambio en el promedio

produce grandes cambios en los extremos
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IMPACTO DE ENSO SOBRE LA

LLUVIA EN CHILE CENTRAL

Numero de dias en cada categoria

o
[Tp]
&
N B ¢
T RSK -
w b |
—~ S :
A " I
o STV -
2 oo Rt 0o |
A -1 o 2
o F----H e
K N
3 - o 7
S o~
S P ] &
- - -
- g
o
F-{ ]]--+ T
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Lo
T
.o 8
o :
[ I I I I
£ z ! 0 b
(o) BoT
©
o
U
\ _ 1%
|
I
o] _ 4
= _ -
z “
w _
I 1<
I
|
I
I o
L 1s
!
I
I
| EE=]
I
I
|
! Jw
I 2
|
© I
= |
= | ahn
© I
— _
|
I |
I i
L L 1 1 1 1 Il 1 L 1 1
o o (=} o o o o o o (=} o
S & e = 3 o 2 © © = N

AjBWOUE ||JUlE. JIBJUIM 31U [BIUSD

MJJAS Nifio3.4 index [*C]



La Megasequia 2010-2015

e. 2010-2015

Central Chile
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Alteraciones climaticas
globales (EN, SAM+)

Condiciones Incremento
de sequia Vientos del sur

Reduccion Incremento surgencia

estratificacion costera

Aumento intrusion
nutrientes a capa sfc.

Aumento fitoplacton

Incremento
Radiacion solar

Leon et al. submitted



