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Aridity
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Aridity Indices: Examples

Thonthwaite
In Classification
deficit .
|, =100x——— for deficit i == 28T Arid -
demand months -66.7 < Im< -33.6 Semi-Arid
surplus -336<Im< 0.0 Dry Sub-humid
|h =100x ————  for surplus 0O 0<Im< 20.0 Moist Sub-humid
demand months 20.0 < Im< 100.0 Humid
| =1 —] Im> 10.00 Per-humid
m -~ 'h a
UNEP Al Classification
Ai > 1.00 Humid
P 1.00 > Ai > 0.90 Moist sub-humid
Al = BPET 0.90 > Ai > 0.65 Dry sub-humid
0.50 = Ai > 0.20 Semi-Arid
0.20 = Al > 0.05 Arid
A < 0.05 Hyperarid
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Drought: An Early index of Drought

& “The country has reason to make careful note of
either extreme. When the water rises to only twelve
cubits, it experiences the horrors of famine; when it
attains thirteen, hunger is still the result; a rise of
fourteen cubits is productive of gladness; a rise of
fifteen sets all anxieties at rest; while an increase of
sixteen is productive of unbounded transports of
joy. The greatest increase known, up to the present
time, is that of eighteen cubits, which took place in
the time of the Emperor Claudius; the smallest rise
was that of five, in the year of the battle of Pharsalia,
the river by this prodigy testifying its horror”

Pliny the Elder, Naturalis Historia, Book V, First Century AD

Water Resources in Developing
Countries, Trieste, Italy, 2009

Center for Hydrometeorology & Remote Sensing, University of California, Irvine



Some (Visible) Impacts
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Some (Visible) Impacts
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Recent Extreme Drought Conditions in the U.S. Southwest} %

Normal Years
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Lake Powell, Colorado River, USA

Source: J. Kane SRP 2004

Water Resources in Developing
Countries, Trieste, Italy, 2009

LR,
m Center for Hydrometeorology & Remote Sensing, University of California, Irvine @




Water Resources: (Hydrologic Drought)

August Elevation 1939-2003
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Water Resources Issues: Spatial & Temporal Scales

LU/LC Change
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Drought: Definition

e Many Possible Definitions

e |t is a normal and recurring feature of climate

e |t occurs in all climatic zones

e Varies in characteristics from one region to another

Drought originates from deficiency of precipitation
over an extended period of time, usually a season or
more resulting in water shortage for some activities

Drought is a persistent and abnormal moisture
deficiency having adverse impacts on vegetation,
animals, or people

Drought is a creeping disaster
e develops slowly and can last long Duration
e difficult to quantify

_ ° long lasting impacts
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Drought: Temporal Scales
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Drought: Temporal Scales (Paleo-climate)
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Drought: Spatial Scale
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Monthly Water Balance
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Types of Droughts

Natural Climate Variability
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Desirable Characteristics of Drought Indices
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Easy to Interpret, Independent of assumptions,
limitation, and computations

Reasonable complexity : Not too complex and not too
simple

Must

Informational: Must add information to raw data

r/

Open ended: Unprecedented behavior yields
unprecedented values

Sensitivities and statistical properties must be well
understood before operational usage

{ Drought Index

Desired

Sub-indices should provide understanding of behavior

Proportional to impacts

Reliant on available historical data

|_New data can easily be incorporated

Normalized to background climates to facilitate
spatial comparison

Can be placed within historical context

After, Redmond 1991, and 2002

Center for Hydrometeorology & Remote Sensing, University of California, Irvine
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Historical Evolution

Deficit-based

Satellite-based

Composite
Impact-based

Rainy days

Percent of normal

Deciles

Standardized Precipitation Index (SPI)

Palmer Drought Severity Index (PDSI)
Crop Moisture Index (CMI)
Soil Moisture Index (SMI)

Vegetation Condition Index
Normalized Difference Vegetation Index
Maximum Snowpack Extent

US-Drought Monitor
Total Water Deficit

In-situ data

= Precipitation

» Temperature

e Streamflow

= Reservoir Storage

Models

« Simple Water Balance

e Land Surface Models (VIC)
e Data assimilation systems

Remote Sensing

= Snow

= VVegetation

* LS temperature

= Topography

* Reservoir Levels (Future)

Impact Models
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Comparison (Giorgos Kallis, 2008)

Drought definition

Metric Data? Calculation and severity scale Strengths Weaknesses
Days of rain R Consecutive days with little Drought if days withno | Intuitive and Not comparable. Valid
or no R, or total R during a rain > place-specific communicative only for specific
specified period of time maximum or R for Easy to measure application in specific
given period region (11)
<place-specific Does not assess
minimum R increasing or
decreasing severity
Abrupt termination of
drought
Percent of R Divide actual R (or RF, SF) Drought if percent Intuitive and

average
rainfall
(runoff or
streamflow)

(RF, SF)

for a given period by
multiyear average for this
period

<place-specific
minimum

The lower the percent,
the more intense the
drought

communicative
Easy to measure
Useful for reservoir

management

Average is not the same
as normal in variable
climates (mean #
median) (145)

Cannot compare
departure from
average for locations
with different climates

Deciles (146)

Divide distribution of
OCCUITENCES OVET 4
long-term R record into
tenths of distribution
(deciles)

Scale: deciles 1-10

Drought if R in third
through fourth decile

Extreme drought in
deciles 1-2 (i.e., R not
exceeding 10%—-20%
of record)

Center for Hydrometeorology & Remote Sensing, University of California, Irvine

Easy to measure

Accurate statistical
measurement of
departure from
normal, comparable
aCross CONtexts

P

Impacts from statistical
departures vary
depending on local
conditions

Accurate calculations
require a long data
record

Water Resources in Developing
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1. Select data from Calibration Period
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2. Fit (Gamma or Weibul) to data T

T.B. McKee, N.J. Doesken, and J. Kleist (1992)

For the selected accumulation period and duration
Select data from the calibration period
Fit Probability distribution (Gamma or Weibul)
For the Entire Period
Identify value of CDF corresponding to p
Identify SPI as the N(O0,1) deviate corresponding to CDF(P)
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oxceptionally extremely

dry

2.00

and
below

Precipitation {mm)

Relative Frequency

Step 1: Extract timeseries for accumulation period: January 1 Months accumulation

Repeat for all accumulation periods to construct SPI series
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Characteristics of SPI

e Can be computed for any duration, generally
(1,3,6,9,12,and 24) months

e Can account for long term precipitation deficit
(9 months +)

e Requires long term precipitation data

e Best possible distribution is still subject of research
e Has high correlation with PDSI (at longer duration)
e Mean SPI for any location is O

e Applicable to station and gridded data (Satellite data)

Water Resources in Developing
Countries, Trieste, Italy, 2009
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Available Global Monitoring of SPI
http://ingrid.ldeo.columbia.edu/maproom/.Global/.Precipitation/SPI.html
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& ,.hpmndmeow % | |sal Standardizzd Precipitation inde SPI| Values
_' Fle Edit View Favortes Tools Help
9 @ Gonal Senderized Pre.. B IR - R - - =2.00 EXtremely Wet
(o Ponsgasontob 5715 g

1.50to0 1.99 Severely Wet

TR ST 1.00to 1.49 Moderately Wet

-0.99 t0 0.99 Near Normal
-1.00to -1.49 Moderately Dry
-1.50 to -1.99 Severely Dry
<=-2.00 Extremely Dry
B views:[ (IR e (maskit { total [ NOAA NCE] orer
1 , 3 , 6 , 9 , an d 12 M O nthS (€] - “ t/SOURCES/ IRI/ Analyse: dardized Precipitation Index Maps| 2 -
Interactive tool to plot and = o
— H H Plotsize:[432 | with[72 | border. | Helvelica -2z
¢ = S V I S u a'l I Z e auo = eolor interpolation auto anti-alias [ transparent
v: . Label starts with [~
R asimation reme times (1/100 5y fist 25 midde|25 | fnal 200
s Get Data Entire Dataset data in view Edit i
sl ,_- - - Page Formats documented page plain page inked pdf cutand paste link simple | | veibose
—— O e ""“F::'r;:‘i'" PS PS wiprcamble |  PDE JPEC GIF PNG
@ Internet W v ; "“F'o':';fl?" Ps PS wipreamble | PDE IPEG GIF PNG
@ intemet 100

Water Resources in Developing
Countries, Trieste, Italy, 2009

Center for Hydrometeorology & Remote Sensing, University of California, Irvine




Palmer Indices: brief procedure

|
J

@ = =— B, = =— Two bucket model
Compute monthly water budget PE, PR, Thornthwaite (PE)
using hydrologic accounting for - — ET, Loss, Recharge, Run-Off
a long series and Obtain _ RO, 8 = L Requires AWC in soil
coefficients C " PRO, " PL/ )

Determine the amount of moisture
required for climatically appropriate for P == (EJ_PE + BI_PR + %PR{) — 5EPL.
existing conditions (CAFEC: Normal)
weather during each month.

e N
Compute the precipitation d = P — }3
departure from CAFEC value L ) / \

PE, + R, :R(')_, ‘28

e N . ) TED .
Convert the departures to indices of F o IR y Ki =15 logy D, w03
moisture anomaly Palmer Z Index using L ) K =1;.', ¢
K (climatic characteristic factor) ' 2, DK! ' Average Moisture

s=1 Departure /
A

Calculate Palmer Drought Severity h Y o+
Index (PDSI) ant Its derivatives i Ly i

Duration factors

Q Water Resources in Developing
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PDSI: Further Developments

PDSI Scale

Extremely wet

Very wet

Moderately wet

Karl, 1986: PHDI (Palmer Hydrological Drought Index)
Different treatment of the end of a dry spell to
reflect water availability (soil moisture, runoff) as
opposed to meteorological end based on weather.

Slightly wet
1 Incipient wet . . .
oar naimal Heim 2005: Weakly basis calculation of PDSI
- o
ncipient drought
widdrought -2 Wells et. al. 2004, Self calibrating PDSI
Allows for the calculation of climatic characteristic

Moderate drought -3 and duration factors using site specific data instead
Severedrought -4 I of Palmer’s empirical estimates

Extreme drought -5 .

’ ] Dai, 2004: Global PDSI data set for 100+ years.
imj Center for Hydrometeorology & Remote Sensing, University of California, Irvine Q \évoajﬁ{riifoﬁ_';zzfei’nlg?;”elzog(;gg




Drought definition

Metric Data? Calculation and severity scale Strengths Weaknesses
Palmer R, T,ET, | Calculates a series of water balance | Scale: —6 t0 6 Takes Arbitrary algorithms
Drought SM, RF terms for a generic two-layer soil (typically —4 to evapotranspiration (148)
Severity model. Fluctuations in the 4) and soil moisture into | Nonintuitive
Index hypothetical moisture supply are Drought if <0 account classification
(PDSI) compared to a reference set of —0.5 to —0.99 Most effective where Undefined generic
(147) water balance terms to compute incipient dry impacts sensitive to timescale (7); may lag
dimensionless cumulative spell soil moisture drought termination
departure of moisture supply —2t02.99 Factors in antecedent (8)
moderate conditions Complex computation
drought Calculable from basic and reduced )
—4 and less data transparency
extreme Calibrated for U.S.
drought Great Plains’
conditions; limited
applicability in
locadons with climatic
extremes,
mountainous terrain,
or snow-pack unless
calibrated (but see 18)
Standardized | R The long-term R record is fitted to | Scale: —2 and Can be computed at Long climatic record
Precipita- a probability distribution, whichis | less, to 2 and different timescales as needed
tion Index then transformed into a normal more they relate to different | Changes from month
(SPT) (7) distribution so that the mean SPI Drought when types of drought to month as new data

for location and desired period is
0.

SPI
continuously <0
—1to—1.49
moderate
—1.5to —1.99
severe

—2 and less
extreme

Center for Hydrometeorology & Remote Sensing, University of California, Irvine

(agricultural,
streamflow,
groundwater)

Uses only one input
variable (R) so
calculations are
simpler than PDSI

P

is incorporated
Does not consider
hydroenvironmental
factors and seasonal
differences in
evapotranspiration

Water Resources in Developing
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Model-Based Drought Monitoring: (E. Wood, 2006)

1) Retrospective Simulation After: E. Wood, 2006 /}

Forcings |=—=| VICLSM |=—= Retrospective Soil Moisture

2) Calculate Soil Moisture Index

L-Moments |=—=| Fit beta distribution |=— Calculate Index

. 15 1
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22 04 [— July g 08
LCV(GS//’lS):Z %0'67
=
/1 = i 0.4
3 =}
Lskew(j/s) = 7 (% 0.2 7
2
0 | T T 0 T T T T 1
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3) Drought Analysis
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Example: VIC-based Soil Moisture Quantile (Aug, 1984) © &%
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Satellite Based Drought Monitoring

NDVI = (NIR - VIS)/(NIR + VIS)]

VHI — Vegetation Health Index:

Estimates vegetation health (condition) based on combination of vegetation
greenness (Normalized Difference Vegetation Index, NDVI) and temperature
(Brightness Temperature, BT).

VCI — TCI - Vegetation & Temperature Condition Indices:

VCI = 100(NDVI - NDVI_..)/(NDVI,,., - NDVI

min)
TCl = 100(Tmax B T)/(Tmax - Tmin)

Estimate moisture and thermal conditions, respectively, based on NDVI and BT.
Fire Risk Index:

Index showing if conditions of vegetation are suitable for fire development.

LA
é‘ W ; "Ig=
CHRS" ;
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Countries, Trieste, Italy, 2009



Example: VHI (Current)

http://www.star.nesdis.noaa.gov/smcd/emb/vci/VH/vh_currentlmage.php

. . . . . . Water Resources in Developing
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Example: VCI (Current)

http://www.star.nesdis.noaa.gov/smcd/emb/vci/VH/vh_currentlmage.php

Water Resources in Developing
Countries, Trieste, Italy, 2009
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Composite Indices: US-Drought Monitor

U.S. Drought Monitor  Ar2%, 200

Intensity: Drought Impact Types:

[ ] DO Abnormally Dry r~' Delineates dominant impacts =

[] D1 Drought - Moderate A = Agricultural (crops, pastures,

[l D2 Drought - Severa grasslands) D

B C: Drought - Extreme H = Hydrological {water)

B Cd4 Drought - Exceptional QSQ& _,_:I_a ,.f.?';_-{h\?, @

The Drought Manifor focuses on broad-scale condifions = [ e g;}:ﬁ_f;ﬂ u

Local conditions may vary. See accompanying text summany

for forecast stalements. Released Thursday, April 23, 2009
http:ﬁdrﬂught.unLEdufdm Authors: Richard Heim/Liz Love-Brotak, NOAA/NESDIS/NCDC

Water Resources in Developing
Countries, Trieste, Italy, 2009

Center for Hydrometeorology & Remote Sensing, University of California, Irvine Q



Components

TasLe 2. The association of the six key objective drought indicators with the magnitude of drought severity
in the Drought Monitor.
Blen : =
end Drought Monitor classification
Drought type Associated ranges of objective indicators
Palmer CPC soil USGS Percent of Standardized  Satellite
Category Description drought moisture weekly normal precipitation vegetation
Do Abnormally —1.0w-1.9 21-30 21-30 < 75% for —0.5 o 0.7 3645
dry 3 months
DI Moderate —20w-29 11-20 1120 < 70% for —0.8to-1.2 26-35
drought 3 months
D2 Severe -3.0to0 -39 610 610 < 65% for —1.3to-15 16-25
drought 6 months
D3 Extreme —4.0 o 4.9 3-5 3-5 < 60% for —l.6to-1.9 615
drought 6 months
TasLe |. The categories of drought magnitude D4 Exceptional -5.0 or less 0-2 0-2 < 65% for 2.0 or less 1-5
used in the Drought Monitor. Each category is drought 2. monthe
associated with its percentile chance of happen-
ing in any given year out of 100 yr.
Category | Drought condition | Percentile chance
Do Abnormally dry 20 to <30
DI Drought—moderate 10 to <20
D2 Drought—severe 5to <10
D3 Drought—extreme 210 <5 Source: Svoboda, et. al., BAMS, Aug 2002
D4 Drought—exceptional =2

. . . . . . Water Resources in Developing
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Sectoral Impact

TasLe 3. The categories of drought magnitude used in the Drought Monitor and associated
impacts in the agriculture (A), water (W), and fire (F) categories.

Category Agriculture (A) Water (W) Fire (F)
DO Slows farm activity, and crop Steamflow below Fire risk above
and pasture growth average average
DI Some damage to Streamflow, reservoir, and well Fire risk high
crops and pastures levels are low; some water

shortages develop

D2 Crop and pasture Water shortages common; Fire risk very high
losses likely water restrictions imposed
D3 Major crop/pasture Widespread water shortages Fire risk extreme
losses and restrictions
D4 Exceptional and Shortages of water Fire risk exceptionally
widespread crop/ in stream, reservoirs, and dangerous
pasture losses wells creating emergencies

Source: Svoboda, et. al., BAMS, Aug 2002

. . . . . . Water Resources in Developing
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Drought definition

Metric Data® | Calculation and severity scale Strengths Weaknesses
Vegetation GVI Satellite measures visible and Scale: 0-100 Real-time monitoring of Limited udlity during
Condition near-IR radiance as a proxy for Drought if VCI <50 onset and progression of cold seasons when
Index (VCI) health of vegetaton. Vegetation (mean) drought. Good for early vegetation is dormant
(19) associated to drought severity, warnings Ground conditions
adjusted for land climate, Useful for areas not other than drought
ecology, and weather conditions covered well by affect vegetation index
precipitation or
hydrological stations
(Africa)
Total water SF Sum of flows below some Drought if deficit >0 Intuitive and Long streamflow
deficit (149) truncation level (mean or communicative record needed
impact-related minimum) Easy to measure River regulaton and
Product of time during which other human impacts
flows are below truncation level distort streamflow
and average departure of record
streamflow Problems in scaling up
from individual
streams to region/
river basin
Days of RS, D | Calculates the days a reservoir Drought if days Communicative System-specific
supply (or system) can satisfy demand <system-specific Takes demand into thresholds; limited
remaining using storage capacity, threshold account comparability
(150) forecasted future inflows, and Sensitive to models’

predicted demands

assumptions about

demand and inflows
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Drought Prediction and Outlook

Source: http://www.nws.noaa.gov/ost/climate/STIP/33CDPW/Luofl.jpg
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h < U.S. Seasonal Drought Outlook

- : Drought Tendency During the Valid Period

g Fﬁ Valid April 16, 2009 - July 2009
VIC Initial Condition VIC i Released April 16, 2009 A
Cliratt-Coniition Predicted Conditions
(Ensemble)
#<J
Soil Moisture D :
Climatological /ﬁ) by
Distribution : ™
Persisten c&\"\,_
e e ) e
DroughtMonitor Drozrcilt:aFl’)rlleIZ?cction
: KEY:
Drought to persist or e
L intensify < /?
g - & " . " L ——
| b3 s .
Fig' 1' Sclhematlc dlagl:aIn Of the drought InOI]ltOl‘mg a'nd predlCtlon S} stem ”’J ﬂ:org:etrﬁgg?mg! el Depicts large-scale trends based on subjectively derived probabilities guided
(D_\/lAPS) mplemented for tl']_e Us. P by short- and long-range statistical and dynamical forecasts. Short-term events
Drought likely to improve, --such as individual storms — cannot be accurately forecast more than a few days in advance
impacts ease Use caution for applications -- such as crops -- that can be affected by such events.
"Ongoing” drought areas are approximated from the Drought Monitor (D1 to D4 intensity).

Drought development For weekly drought updates, see the latest U.S. Drought Monitor. NOTE: the green improvement
likely areas imply at least a 1-category improvement in the Drought Monitor intensity levels,

but do not necessarly imply drought elimination.

http://www.cpc.ncep.noaa.gov/products/expert _assessment/seasonal_drought.html
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Increased GHG Concentration leads to heating of
the atmosphere

Higher temperature Leads to higher rates of
evaporation from and evapotranspiration
Leading to faster depletion of soil moisture
(Drought conditions).

Hotter atmosphere has a higher water holding
capacity. More moisture remains in the
atmosphere and the rate recycling through
precipitation slows down. Increased evaporation
rate leads to even higher amounts of
atmospheric moisture, and water vapor, being a
GHG can contribute to further heating.

More vapor is available for precipitation, but at
lesser frequency of events. Rainfall variability
increases and the probability of extreme events
may increase despite of little or no change in
total annual precipitation. Water vapor is a GHG
and its increase may exasperate the problem.

On the earth’s surface, more extreme events are
likely. Snow seasons shortens and the intense
precipitation causes flood. The lower frequency
of rain days and increased evapotranspiration
contribute to drought conditions.

Water Resources in Developing
Countries, Trieste, Italy, 2009
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Figure 13. The most important spatial pattern (top) of the monthly Palmer Drought Severity Index (PDSI) for 1900 to 2002. PDSI is the most

commonly used drought index Red and orange areas are drier when the values in the lower panel are positive (red) and wetter during the

time when the values in the lower panel are negative (red). Conversely, green and blue areas are wetter when the values in the lower panel
i are positive (red) and dryer when the values of the lower panel are negative (blue). Adapted from Dai et al. (2004) and IPCC 2007.
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Changes in Drought
Severity.

HadCM3 A2 scenario (Burke
and Brown, 2006)

Q Water Resources in Developing
= Countries, Trieste, Italy, 2009



Drought Information
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Information and Resources
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The National Drought Mitigation Center ([NDMC) helps people and institutions develop and
implement measures to reduce societal vulnerability to drought. The NDMC, based at the
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crisis management.
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