From global drought assessment to
drought climate services.

Sergio Vicente Serrano

CSIC P

InsTITUTE PIRENAICO DE ECOLOGIA
CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS ‘ S l ‘



Concepts and mechanisms
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Natural Man Induced
Temporary Drought -Water shortage
Permanent Aridity




THE COMPLEXITY OF DROUGHT QUANTIFICATION AND ANALYSIS

* Drought is among the most complex extreme
meteorological phenomena affecting society
andthe environment.

*It is very complex to identify the moment
when a drought starts and ends and also to
guantify its duration, magnitude, and spatial
extent.

 Drought is an impact-dependent
phenomenon so it is difficult to
pinpoint in time and space given
different _economic __sectors _and
natural systems affected.

 There is difficulty of quantifying drought
severity since we identify a drought by its
effects or impacts on different types of
systems (agriculture, water resources,
ecology, forestry, economy, etc.), but there is
not a unique physical variable we can

measure to quantify droughts to derive

Impacts.
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Several ecologic and environmental impacts:

Soil erosion, tree mortality, forestfires, wildlife alteration, wetland deqgradation, etc.




Drought around the world (1900-2022)

*More than 10 million people lost their lives due to major drought events in the past century, causing several
hundred billion USD in economic losses worldwide, and the numbers are rising (cuha-Sapir, 0. et al, 2021)

* Severe drought affects Africa more than any other continent, with more than 300 events recorded in the
past 100 years, accounting for 44 percent of the global total. More recently, sub-Saharan Africa has

experienced the dramatic consequences of climate disasters becoming more frequent and intense (Taylor et al,
2017; Guha-Sapir, D. et al., 2021}

*In the past century, 45 major drought events occurred in Europe, affecting millions of people and resulting in
more than USD 27.8 billion in economic losses. Today, an annual average of 15 percent of the land area and 17

percent of the population within the European Union is affected by drought (Guha-sapir, D. et al, 2021; European
Environment Agency, 2017)

*In the U.5., crop failures and other economic losses due to drought have totaled several hundred billion USD
over the last century — USD 249 billion alone since 1980 (noaa-NCEI, 2021)



Drought trends
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GPCC

Analysis from gridded datasets. Evolution of drought events.

12-month SP11950-2020. Threshold=0
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Based on precipitation data there is not a global increase in the areas affected
by drought severity

CRU 12-month SPI
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Impact of global warming
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Sahel at 0.25°E,15.75°N
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CHANGES IN DROUGHT MAGNITUDE
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Figure SPM.3 From IPCC ARG, WGI

¢) Synthesis of assessment of observed change in agricultural and ecological drought

and confidence in human contribution to the observed changes in the world’s regions
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Is this supported by impact data?

Forest Ecology and Management 259 (2010) 660-684
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A global overview of drought and heat-induced tree mortality reveals
emerging climate change risks for forests
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Is this supported by impact data?

Climate Trends and Global Crop
Production Since 1980

David B. Lobell,** Wolfram Schlenker,>? Justin Costa-Roberts®

Efforts to anticipate how climate change will affect future food availability can benefit from
understanding the impacts of changes to date. We found that in the cropping regions and
growing seasons of most countries, with the important exception of the United States, temperature
trends from 1980 to 2008 exceeded one standard deviation of historic year-to-year variability.
Models that link yields of the four largest commodity crops to weather indicate that global maize
and wheat production declined by 3.8 and 5.5%, respectively, relative to a counterfactual
without climate trends. For soybeans and rice, winners and losers largely balanced out. Climate
trends were large enough in some countries to offset a significant portion of the increases in
average yields that arose from technology, carbon dioxide fertilization, and other factors.
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Continental Discharge (Sv)

Climate Dynamics (2021) 56:4027-4049
hitps://doi.org/10.1007/500382-021-05684-1

Hydroclimatic trends during 1950-2018 over global land

Aiguo Dai' ®
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Assessment of hydrological drought trends
IS more complex

Geophysical Research Letters
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Globally observed trends in mean and extreme
river flow attributed to climate change

Lukas Gudmundsson™, Julien Boulange®, Hong X. Do™**, Simon M. Gosling®, Manolis G. Grillakis”,
Aristeidis G. Koutroulis®, Michael Leonard®, Jungue Liu®, Hannes Milller Schmied™™™,
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@QAGU PUBLICATIONS

Water Resources Research

A

RESEARCH ARTICLE The twenty-first century Colorado River hot drought and
implications for the future

Ky Poumts: Bradiey Udall’.2 () and Jonathan Overpeck?.)
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Increased drought severity tracks warming in the
United States’ largest river basin
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EVOLUTIONOF IRRIGATED SURFACEIN BRAZIL
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EVOLUCAO DA AGRICULTURA IRRIGADA NA REGIAO NORDESTE DO
BRASIL

Tabela 2. Evolugio das areas dos estabelecimentos agropecuarios com uso de irrigacio no Brasil nas Grandes
Regides brasileiras e nos estados nordestinos: anos de 1996. 2006 e 2017

Area irnigada Diferencas Relagdes

Regido 1996 2006 2017 (b-a) (e-b) (c-a) (b/a)y  (e¢/b)  (c/a)

@ ) © Py
ha ha %

Brasil 3121642 4545534 6902960 1423892 2357426 3781318 145.61 151,8¢ 221.13
Norte 83022 109582 372530 26560 262948 289508 131.99 33998 44871
Nordeste 751886 1007657 1269136 255771 261479 517250 134.02 125.96 168.79
Sudeste 929189 1607681 2666816 678492 1059135 1737627 173.02 165.88 287.00
Sul 1096592 1238812 1731517 142220 492705 634925 11297 1397 157.90
Centro-Oeste 260952 581801 862961 320849 281160 602009 22295 1483} 330.70
Maranhéo 16521 64059 64473 47538 414 47952 387.74 100.65\390.25

Piaui 18254 30948 32968 12694 2020 14714 169.54 106.53 "
Ceard 108998 117381 222478 8383 105097 113480 107.69 189.53 204.11
Rio Grande do Norte 45778 34716 36632 8938 1916 10854 119.52 103.50 12371
Paraiba 63548 58683 105178 -4865 46495 41630 9234 179.23 163.51
Pernambuco 118400 152917 192806 34517 39889 74406 129.15 126.09 162.84
Alagoas 156992 195764 150382 38772 -45382 -6610 12470 76.82 9579
Sergipe 13691 20521 29089 6830 8568 15398 149.89 141.75 21247
Bahia 209705 312668 415128 102963 102460 2035423 149.10 132.77 197.96

Fonte: IBGE (1998); IBGE (2007); IBGE (2012); IBGE (2018)
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Future projections
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Change at 2°C global warming

(b)

(a)

Change at 1.5°C global warming

)
o0
c
©
£
o
o
(=
©
o
&
=
2
2]
7]
3
a
o
o
{ =4
~
S)
o
4

(]
oo
(=
]
K=
(5]
m i
5% 2
=
U=
= @
=

T
% oL
i ]
30%
Q =
o [e]
xZ0O
7
e
| o

Change at 4°C global warming

(d)

Change at 3°C global warming

(c)



Latitude

Latitude

Latitude

Climate Dynamics (2022) 58:2825-2842
hittps://doi.org/10.1007/500382-021-06034-x

Gheck for
updates.

Do CMIP models capture long-term observed annual precipitation

trends?

S. M. Vicente-Serrano' @ - R. Garcia-Herrera®® . D, Pefia-Angulo’ - M. Tomas-Burguera® - F. Dominguez-Castro®® -
I. Noguera' - N. Calvo? . C. Murphy” - R. Nieto®? . L. Gimeno®® . J. M. Gutierrez'® . C. Azorin-Molina'" -
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% of world with values below 5th PERCENTILE determined from preindustrial to actual as reference for the future
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Mechanisms driving the effects of CO, on E;
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Still important uncertainties.

Uncertainties in
the estimation of
g, by the models

Limitations to
reproduce plant
hydraulics

Underestimation
of the ratio
between T and ET
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Drought climate services



Timescales of weather and climate information for DRR planning
Climate change spans all scales

’
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U.S. Seasonal Drought Outlook
Drought Tendency During the Valid Period

oe.

Author:
Rich Tinker

NOAA/NWS/NCEP Climate Prediction Center
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Alaska

Valid for May 1 - July 31, 2024

Released April 30, 2024

Consistency adjustment

based on Monthly
Drought Outlook for

,/

bR

Depicts large-scale trends based

on subjectively derived probabilities
guided by short- and long-range
statistical and dynamical forecasts.
Use caution for applications that

can be affected by short lived events.
"Ongoing" drought areas are

based on the U.S. Drought Monitor
areas (intensities of D1 to D4).

NOTE: The tan areas imply at least
a 1-category improvement in the
Drought Monitor intensity levels by
the end of the period, although
drought will remain. The green
areas imply drought removal by the
end of the period (DO or none).
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What can be expected from an efficient drought
monitoring system?

« Comprehensible.

Frequent updates, I.e. real-time.

Spatially comparable.

Useful to monitor different drought types.

Low-resources requirement.



Map released: April 25, 2024

Data Valid: Aprll 23’ 2024 View grayscale version of the map
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What to use for drought monitoring?

Sources of water resources:
reservoir storages, streamflow and groundwater

Water available for plants vs demand.:

Soil moisture, evapotranspiration, atmospheric evaporative
demand, vegetation metrics: satellites...

Is this information available? On real-time?
Uncertainty?



Usually the origin and severity of drought events is
strongly determined by climate anomalies: precipitation
deficits and high atmospheric evaporative demand.

This information is available on real-time in the national
meteorological services with the actual network of
automatic meteorological stations.

This information can be used to generate drought
Indices that are useful to monitor drought: they are
highly correlated with drought impacts.



DROUGHT INDICES
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Global Drought Information Syst
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GDO - Global Drought Observatory KgpgmrpeOe!eggﬁ

European -
Emergency Management Service

EC > Copemicus » Emergencies > Droughts > GDO » Global Drought > MapViewer
EDO - European Drought Observatory
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Inicio » Servicios climatices » Menitor de la sequia metecrolagica

Monitor de la sequia meteoroldgica &

El sistema de monitorizacion de sequias meteorologicas esta disefiado para el seguimiento, alerta temprana y evaluacion de la sequia
meteoroldgica, para lo que utiliza en tiempo real la informacién climatica y satelital disponible que muestra el desarrollo de las

condiciones de sequia meteoroldgica y la posible evolucion de la misma.

El sistema incorpora el desarrcllo de productos tecnolégicos operativos con implicaciones directas para la gestion de los recursos hidricos,
las areas naturales y para la gestion del riesgo de sequia meteoroldgica en sectores economicos afectados.

Monitor de sequia
meteorolégica

El sistema de monitorizacion aporta datos cuar
indicadores de sequia meteorclogica sintéticos es
forma comprensible para los usuarios finales. Did g sistema de monitorizacion de sequias meteoro bgicas
variedad de impactos potenciales y aportan informal muestra las condiciones actuales de sequia meteorolégica,
la sequia metecrologica mediante un indicador, bas| acualizadas semanalmente, a partir de las estaciones
de impactos esperados en diferentes sistemas y a m‘ft?_o'o'ég‘a° automatices disponibles de la Red de
nUmerica, que permite mejor preparacion vy alerta AEMET Y deLSiR.

tiempo real de las condicionas de sequia meteorolo
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Informacion

El monitor de sequia meteorologica aporta informacion en tiempo real a pariir de las estaciones meteorologicas automaticas de la Red de AEMET y del
SIAR. La informacion se actualiza cuatro veces cada mes v se puede consultar el estado de |a sequia meteorologica a partir de dos indices climaticos: El
indice de Precipitacion Estandarizado (SPI) que se obtiene con datos de precipitacion y el indice de Precipitacion Evapotranspiracion Estandarizado
[SPEI). que utiliza datos de precipitacion y demanda de agua por parte de |a atmdsfera. Se aporta la informacidn de los indices a diferentes escalas
temporales (1, 3, 6, 9..), aspecto que permite identificar la anomalia climatica considerando periodos previos mas o menos largos v que informan de la
posible severidad de diferentes tipos de sequia meteoroldgica. Ademas de ello, =& muestra la duracion la sequia meteorolégica desde el inicio de la
misma (considerando un umbral de condiciones secas) y su magnitud acumulada. El monitor permite 1a visualizacion del historico desde 1961 y la
seleccion de un punto concrefo, del que se puede visualizar y descargar |a serie del indice de sequia meieorolagica.
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A near real-time drought monitoring system for Spain using automatic e
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Spain contributes its drought monitoring application to the
International Drought Resilience Alliance

The system has direct implications for the management of water resources, natural areas and meteorological drought risk
management in affected economic sectors.

e @ B D O @ @

The index to measure the intensity of droughts, developed by Spanish scientists and
members of the Interdisciplinary Thematic Platform Climate and Climate Services
(PTI+ Clima) of the Spanish National Research Council (CSIC), has been incorporated
into the public catalogue of Google Earth Engine, a cloud-based tool that allows users
to search and discover public Earth observation datasets.

In Spain, the CSIC's work on the drought monitor is fully operational through the

State Agency of Meteorology (AEMET), attached to the Ministry of Ecological

Transition and Demographic Challenge. The system incorporates the development of Meteorological drought monitoring system
map

operational technology products with direct implications for the management of
water resources, natural areas and meteorological drought risk management in
affected economic sectors.

The meteorological drought monitoring system shows the current weather drought
conditions, with weekly updates, using information provided by the available




MANY THANKS!!!
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