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We will illustrate these with examples from the LAFDM



The Challenge of Drought

e They are slow-onset hazards, which may also recede as slowly. Thus it is difficult to
establish the exact timing of its start and finish.

e Furthermore, the societal impacts may also accumulate slowly, and then endure
for months after the drought has physically receded.

e Often a drought has been going on for several months before government
institutions declare an official drought.

e Since a drought is ignorant of political boundaries, drought-monitoring activities
are challenging because they are often carried out on the basis of political regions.

e These challenges have important implications for drought relief because funds are
usually only distributed when and where an official drought is called.

e Thus droughts are difficult to identify and characterize, they impact in non-

structural and indirect ways and may linger for months or years over large regions.



Definition of Drought

Basic definition: deficit of water relative to normal conditions.

More specifically: a low amount of water in one or a combination of

these stores (river, lake, reservoir, snowpack, soil water and
groundwater) or fluxes (precipitation, evapotranspiration and run-
off).

When the lack of water is sustained and spatially extensive, and is a

deficit below a threshold that has adverse impacts.



Types of Drought

. meteorological drought, a significant negative deviation from mean
precipitation;

. hydrological drought, a deficit in the supply of surface and subsurface water;

. soil moisture or agricultural drought, a deficit in soil moisture, driven by
meteorological and hydrological drought, reducing the supply of moisture for
vegetation;

. socio-economic drought, a combination of the above three types leading to
undesirable social and economic impacts.
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Types of Drought, Their Connections and Impacts
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Drought Terminology: Temporal Characteristics
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Drought Terminology: Spatial Characteristics
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Examples of monthly soil moisture quantiles for four major regional
droughts: a) Sahel, 1983-84; b) India, 1965-66; c) Australia, 1983;
d) USA, 1988.



Quantifying Drought with Indices

¢ FOr the application of interest, whether it is the condition of a
water supply system, the requirements for irrigation or the
sustainability of an ecosystem, a quantitative expression
for the state of drought is required.

e This is usually called a drought index and allows a farmer, a
manager or policy-maker to objectively analyse a system
and make quantitative management and policy decisions.

¢ Drought indices are used in both operational drought
monitoring and when forecasting drought within a warning
system, where an index can provide an objective basis for

acting upon the drought.



Calculation of Indices

Usually a threshold is chosen below which there is
drought and above which there is not.

This threshold can be fixed but may also vary in time or
be fuzzy in the sense that there is a gradation between

drought and non-drought. |
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|| DO Abnormally Dry

There may be a number of E g; gruught-gwerate

: - rought - Severe
categories of drought severity, B D3 Drought - Extrame
such as ‘abnormal’, ‘moderate’, B D4 Drought - Exceptional

'severe’ and ‘extreme’ (e.g. USDM).

Often a drought threshold will be used to declare an
official drought in a region and trigger a set of
management responses or provide aid.



Popular Drought Indices

Table 4.1 Popular drought indices, their ravionale and advansages/disadvancages

Index Description Advantages Disadvantages

Meteorological Droaght

Predipitation pescentage  Calculated as the acnal Simple and efecive for single The mathermatical meaning of

of normal precipitation divided by the locations and seasoas normal is different to the genenal
average annual value concepe of normal weather

Rainfall deciles Stratifies precipitation into Clives an acosrate statistical measure  Long records of data are required
desiles. Used mainty| . . . te values

Indices available in the LAFDM
Standardized Rased on the probak change 2 new data

SPI (1 month) -

Agricultural Drought SPI (3 month)

Palmer Drought Severity  Calculated as 1 SPI (6 month) - behind emaping

Index (PDSI) moisture from reral moaths; does
simple water b SPI (12 month) - r snow; does not
sl ™ Drought Index (%) ~ oo

Cirop Aoistre Index Reflects short.. NDVI Percentile (30-day moving average) ¥ o bongterm

i R RIS Sireamilow Percentile (%) v it S e

Same as the moisture anomalies  Quidk response time to changing Same a5 PDSE does not consider

conditions antecedent conditions

Provides 2 statistically robust Usually clculated from complex
measure of soil moisure, which hydmlogicl models; sequires
refleces hydrological inputs and detailed input dazz

outputs

Sheffield and Wood, 2011



Popular Drought Indices, continued

Table 4.1 Popular drought indices, their ravionale and advansages/disadvancages

Index Description Advantages Disadvantages
Hydrological Droaght
Palmer Hydmlogical Quantifies the severity of awee Used to monitor long-term drought  Suffers from the same peoblems
Drought Index (PHDI) or dry period. The monthly conditions a the PDSI
index values are exactly the
same as PDSI
Mean anml minimum Calculated from the ime series Can be used 1o extimate the return Requires long time series and is
m-sday flow of annual minima of the n-day  period of kow fows difficslt to apply in intermittent
avezape flow or ephemenal sreams
Baseflow index (BFI) Ratio of has| : : . b records required to separate
i tom 7 Indices available in the LAFDM (57 == =
INDICES
Surface Water Supply Combir ¢ is enique to each
Index (SWSI) streamfl SPI (1 month) - titing basin
resesvol ons

SPI (3 month) -

SPl (6 month) -

Differer SP {1 & munth] - data from airborne or
ahsorpti e sensors. Difficult to

Normalized Difference
Vegetation Index (NDVI)

infrared Drought Index (%) - :*:‘:n:hms on
Vegstation Condition i NDVI Percentile (30-day moving average) - 5\'1 ‘
Index (VCT) Streamflow Percentile (%) «
Regional Drought
Regional Drought Area Percentage area in drought Quantifies the spatial extent of Requires spatially comtinuows or
or Defict Ares within a region drowght regional data

Regional Deoughe Severity  The area-weigheed intensity Quantifies the averape severity over 2 As ahove
oe Totd Defict Azea over z region tegion

Scurce: from NDMIC and Keyartash and Dracup, 2004 Sheffield and Wood, 2011




Drought Indices in the LAFDM
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Drought Indices in the LAFDM
An example from Argentina 1950-2013
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Drought Development and Propagation
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Figure 3.9 Propagation of drought through the hydrological system and
the feedbacks to the atmosphere Source: Adapted from NDMC

Increasing time scale




Propagation of Drought Through the Hydro-Ecological

Anomalia (C)

System — Argentina Drought 2008-2009
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Example of propagation of drought
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SPI (6 month) Index
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Soil Moisture Index




Vegetation Index




treamflow Index

['\t
Cordoba
o

Ro 0
i Uruguay

Buenos Aires
o

Argentina

2008/05

L L

30 70, Aty 90

ELTL R

CATARINA |

1 STATEOF 3/
RIO GRANDE ~ J

SUl

o
Porto Alegre

95

99




Questions and Discussion



