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Concepts and mechanisms



DROUGHT VERSUS ARIDITY AND WATER SCARCITY



• Drought is among the most complex extreme

meteorological phenomena affecting society
and the environment.

• It is very complex to identify the moment
when a drought starts and ends and also to

quantify its duration, magnitude, and spatial
extent.

THE COMPLEXITY OF DROUGHT QUANTIFICATION AND ANALYSIS

• Drought is an impact-dependent

phenomenon so it is difficult to

pinpoint in time and space given

different economic sectors and
natural systems affected.

Drought

• 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.



• Strong 

complexity 

and 

interactions 

between 

physical 

processes 

and drought 

types.
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Several ecologic and environmental impacts:

Soil erosion, tree mortality, forest fires, wildlife alteration, wetland degradation, etc.





Drought trends
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Stations starting in 1900 

with at least 75% of the

data between 1900 and 

2018.

Quality controlled, 

reconstructed and 

homogenised

2732 stations.



12-month SPI 1950-2020. Threshold= 0

Analysis from gridded datasets. Evolution of drought events.



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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3-month SPI
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Impact of global warming



Atmospheric Evaporative Demand shows increase

Basically this is consequence of 

the temperature increase

Radiation

Air humidity Air Temperature

Wind speed

AED
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Sahel at 0.25ºE,15.75ºN
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Sensitivity of the SPEI (P-AED) to the AED
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CHANGES IN DROUGHT MAGNITUDE



Figure SPM.3 From IPCC AR6, WGI



Is this supported by impact data?



Is this supported by impact data?



Assessment of hydrological drought trends

is more complex





EVOLUTION OF IRRIGATED SURFACE IN BRAZIL AND SPAIN



Future projections





From Chapter 8. IPCC AR6, WGI

Heat
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Changein drought

duration (in months) per 
% of CO2 increase.

Median of the change in 
the 13 models

Sttipling represent less than
70% of models with

significant trends of the
same sign of change that

the median. 

Drought events identified at 

a threshold of 0 
(similar results for tresholds

of 1 in 5 years and 1 in 20 
years)
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Mechanisms driving the effects of CO2 on Et



Still important uncertainties.









Drought climate services





Early warning

Uncertainty



Early warning

Uncertainty



• Comprehensible.

• Frequent updates, i.e. real-time.

• Spatially comparable.

• Useful to monitor different drought types.

• Low-resources requirement.

What can be expected from an efficient drought

monitoring system?







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

Sivakumar et al. (2010): Agricultural Drought Indices, WMO



https://lcsc.csic.es





https://lcsc.csic.es













Solar radiation
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June 1995
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MANY THANKS!!!
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