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The Challenges of Drought Monitoring and
Early Warning

SITI NAZAHIYAH RAHMAT, NIRANJALI JAYASURIYA and
MUHAMMED BHUIYAN

Abstract: The nonitoring and forecastingf droughtis asignificantchallengefor
those engaged invater resources managemeifitough challengeingthese
functions are increasihg viewed as being essentials drought becoms more
commorplace and severedue to climate change.Furthermore, bught
informaton is often delivered in a manner tha too technical andiifficult to
understandby decision makers.

This article aims at socializing early drought informationusing precipitation
values, whichcould be understoodbetter by common usetsDrought index
namelyStandardizedPrecipitaion Index (SPI) s first assessed to investigate how
well this index is able to reflect drought conditions in Victoria, Australre SPI

is thencomputedacross3 and 12 month cumulative rainfall voluste determine
the effecs of precipitation deficits in the shoand mediumternms. Throughout
these initial applications, theé?$is shown to be a good indicator worthy of further
study. The threshold valuearethenidentified fromthe translation of the SPio
the precipitationBased on the simulation of 4@onth time scalgrecipitation,
the drought class predictiagmalso presented.

Keywords: Precipitationthreshold, StandardizedPrecipitation Index (SPI)

1. Introduction

Droughts adversely impact rural and urban communities, indggbrimary production and
thus, a countryOs economy. Drought monitoring is directed to detecting the eouset
persistence and severity afdrought. Droughts differ from other natural hatmaisuch as
cyclones and floodsas it is a slowsetting andcreeping phenomenofWwMO 2009. It is
difficult to determine whena drought begins and likewise, when it ends urban,
agricultural and industrial sectarssponse taroughts differentlyWilhite and Glant1985
classified droughinto four categories: meteorological, agricultural, hydrological aadic
economial. In contrast to meteorological droughts, the other three types of droughts occur
less frequently becausieeyusually takealonger timebefore precipitatioshortagedegin to
producedeficit in soil moisture reductionin streamflow,drop in reservoir level andlecline

in groundwater table. Thus, for drought monitoring and early warning, the meteorological
drought indices providan initial assessment. Once the meteorological indices indicate the
onset of a drought, other nometeorologial indices provide complimentary information to
the relevant sectors describing severity and impadiustralia, severahoteworthydroughts
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have occurredver the last centuryncluding 191616, 193¥45, 196868, 197573, 198D
83 and 199HB5 costing the economy billions of dollarBoM 2011). In recent
times, Southeastern Australia (including Victoria) experiedcsignificantly low rainfall
from 1997 to 2008 adrought whichhas beetermedasOThe Mennium Drough

Drought Indices (DIs) have been commonly used to quantify urban rainfall deficit, soil
moisture andeservoirwater availability They have also been usedgsess drought severity
(Mishra and Singh 201Morid et al. 200§. From the many indices used, the Standardized
Precipitation Index (S has found widespread application fabelling and comparing

actual drought event&halili er al. 2011, Mishra and Desai 200MNalbantis and Tsakiris

2009 Pauloer al. 2009. In addition, the World Meteorological Organization (WMO) has
recommended the use of SPI to determine meteorological droughts and to complement local
meteorological drought indicéblayeser al. 2011).

Monitoring drought presents some unique challenges becausaoftéyentcharacteristics.
One of the challenges t® simplify the informationprovidedto decision makersas the
information delivered is often too technical and detaibett hence of limited use. This
paperinquires intoproviding drought informatiorbased orprecipitationthreshold values
based on the SPI classificatidh is argued thathe SPI can assisisers(such as those in
government servi@® to better understand amnisualize precipitation deficit than a drought
index. StandardizedPrecipitation Index (SPIis appliedto assess how well it can define the
initiation (on-set) and end of historical drouglmsVictoria. Further, theéranslation of th&SPI
valuesto precipitationthresholdss alsoevaluated

2. Data and method
2.1 Study area

The State of Victoria in Australia has a varied climiatespite ofits relatively small size
(237,629 squared kilometres)lt ranges from serarid and hot in the nortiwvest (300

milli metres peannum), to temperate and cool along the coa80Q1milli metres peannum).

The locations of the five rainfall stations selected for this study and their detagfiown in
Figure 1 and Table 1, respectively. Mean annual rainfall for the selected five stations range
from 293 to 650 nfli metres Monthly rainfall data from 1949 to 2010aadownloaded from

the Bureau of Meteorology websitetifp://www.bom.gov.au/climate/dajdbr the study.

Station76031is located in norttwest Victoria and in the region of Mildura. It has a long
history of agriculture and irrigation prag#s. This region could beategorizedas a drought
prone region due toccurrence ofow rainfall for a relatively long period. Statioidg051and
79011 are in the WimmeriMallee regions of western Victoria arsignify the dry land
farming area These regions received the lowest rainfallrecord during the19972010
Millennium Drought (BoM 2010Q. It was reportedhat in late 2006, the water storage lanel
the regionwasat seven per cewtf capacity due to tit extended dry period. Stati@1013is
located in the Goulburn Valley regigasoa part of the MurrayDarling Basin. This region is
one of the most productive agricultural aread\ustralia Station86071is within the Yarra
River catchment and located inan urbanizedareaserviced by Melbourne WateMean
annual rainfall forthis gation is650 millimetres peryear, which isthe highest amongst all
the stations takerStations76031and 77051were chosen due to the fact that these stations
receive low rainfall. Although the annual rainfall is high in Stati6®311 81013and86071,
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these were selected as these stations are located within important catchment basins (eg.
Murray-Darling Basin and Yarra River catchmemt)ictoria, Australia

Table 1: Description of rainfall stations

o
. . Mean annual Latitude Longitude /0 (.)f
Station No. Station Name . 0 0 missing
rainfall (mm) ¢S) (E) .
rainfall
76031 Mildura Airport 293 -34.24 142.1 -
77051 Rainbow (Werrap (Oakea)) 349 -35.94 141.9 0.8
79011 Edenhope (Post Office) 576 -37.03 141.2 1.4
81013 Dookie Agricultural College 554 -36.37 145.7 0.5
86071 Melbourne Regional Office 650 -37.80 144.9 -
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Figure 1: Locations of the study s&e

2.2 Standardized Precipitation Index

The SPI was designed by McKder al. 1993 and his colleagues at Colorado State
University to quantify the precipitation deficit for multiple time scales (ie. 1, 3, 6, 12, 24 and
48 month).The SPI is basically the transformation of the precipitation time series into a
standardized normal distriban. In this study, he SPI over time periods of 3 and 12 month
time scales was applied to all stations. Siemn duration (dnonth) might be important to
agricultural interests whildhe medium term duration (1Znonth) covers water supply
management terests. Since the selected stations are mastagricultural areg 3-month

SPI could be important as soil moisture conditions respond to precipitation anomalies on a
relatively shorttime scale. Tle 12-month time scale is equally important as streamftmd
reservoir storage reflect the londerm precipitation anomalies.

McKee (et al. 1993 used the classification system using SPI vahsstepicted inTable 2 to
define drought intensities associated witpaaticularSPI value. A drought event is defined
as a period in which the SPI is continuously negative aachieg a value of1.0 or less
(McKeeet al. 193, Paulo and Pereira 2006
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Table 2: Upper bound of SPI drought categories and cumulated probabilities

Cumulaed

SPI values Category probabilifes
0to0-0.99 Mild drought 0.50000
-1.0 t0-1.49 Moderatedrought 0.15866
-1.5t0-1.99 Severe drought 0.06681
-2 and less Extreme drought 0.02275

2.2.1 Calculation of SPI using Precipitation Values
The computation of SPI index requirtkge following stepgMcKee ef al. 1993 Wu et al.
2009):

1. Fit a cumulative probability distributiofiunction (usually gamma distribution) on
aggregated monthly precipitation series (8ay 3 or 12 months, which is adopted in this
study). The gamma PDF is delned as,

il | —— 1! o=/ (1)

whereg is a scale parametas;is a shape parametavhich can be estimated using method of
maximumlikelihood; ! is the precipitation amounand 'l «) is the gamma function at.
The estimated parameters can be used to !nd the cumulative probability distriiouniotion

of observed precipitation evenfor the given month and particular time scale. The
cumulative probability is obtained by integratifiguation 1,

L [T g(xdx = fo"ﬁarl(a)xf—le!”r!" )
where r %(! Lo —) 3)

~ r

IS (4)

1o 200 (5)

I = number of prepitation observations (6)

2. Transformthe cumulative distribution function (CDF) to the CDF of the standard normal
distribution with zero mean and unit variance, which is given as follows:

N [P (7)

This transformed probability is the SHHigure 2). A positive valueof SPI indicateghat
precipitation is above average andemative value denotes below average precipitation
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Figure 2: Example of an equiprobability transformation from a !tted gamma
distribution(left) to the standard normal distributi¢mght) for Station 77051
Data are for the 12 month average precipitatiom 1949 to 2010

3. Results and Discussion
3.1 SPI Analysis

Figure 3 shows the computation of 48onth SPI forStation 77051The drought severity
was based on the SPI value inble 2. Extreme droughts were identified in 1967, 1968,
1982, 1983, 1995, 2002 and 200ée most extreme drought wésund in the year 1982
with SPI at-3.5.1t is also observed thatroughtfrequency increaseduring the period997b
2009 Gergis(et al. 2012 notedthat South-eastern Australia (SEA) was in the grip of the
OBig Dry@uring this periodThe SPI is further applied to assess how well it can define the
initiation (onset) anderminationof historical droughts in Victoria based on selected events.

The simulatedonset of drougistusing SPIfor 3 and 12-month time scakwere compared
with therecorded 198283 and 200203 droughtgshown inTable 3) to determine whether it
showedthe onseof droughts wellThe onset and end of historical droughtAustraliawas
definedbased omlecilesmethod

SPI plot for 1949-2010
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Figure 3: The 12month SPI plot foStation 77051
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The 19883 and 200203 events have recorded drought periad#\pril 1982 to February
1983 (Gibbs 1984 and April 2002 to January 20@BoM 2003 respectively Figures 4 (a)
and (b) showthe examples of SPI for Station 7705Xor the 198283 drought.For thethree
month time scalga), it showal drought commencefive months in advancestarted in
November 1981 and ended in March 1983. Fofial locations, thehreemonth tme scale
showed the onset of the drought during the same time of the yearfabhot five months in
advancgTable 3).

While the 12month time scalehe analysis for thistationshowedthe drought commeirtg
in May 1982(whichwasone month late tharecordegl and ended i©Octoler 1983.With the
exceptionof Station 86071all stationsshowed the drought initiated at Mauly 1982.1t is
worth mentioning that the SPI at this time scale -rfighth) reflects mediumterm
precipitation @tterns. In contrast to-@onth period, thd2-monthSPI responds more slowly
to changes in precipitatioand gives longer duration of droughtis worth mentioning that
based on the results andren the history of droughts in Australia and overature of
rainfall variability, 12month time scale is appropriate to monitor drought.

Table 3: Comparisorof therecordedl98Z83 (April 82EFeb 83) and
200203 (April 200RJan 2008 drought events witthe SPlobtained

Stations 1982/83 2002/03
Initiation End Initiation End
3 months
76031 Nov 81 Jul 83 Nov 01  Jul 03
77051 Nov 81 Mar 83 Dec 01 Jan 03
79011 Nov 81 Feb 83 Jan 02 Dec 02
81013 Nov81 Mar83 MayO0l1 Apr03
86071 Oct 81 Jun 83 Mar 02 Dec 03
12 months
76031 May 82 Nov 83 Feb01 Sep 03
77051 May 82 Oct 83 Feb 01 Jul 03
79011 Jul 82 Aug 83 Mar02 May 03
81013 Jun82 Aug83 MayO0l Oct03
86071 Dec 81 Dec 83 Jul01  Dec 03
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Figure 4 (a): Onset and termination of drought for the 1582 on
3-monthtime scale for Statioi7051
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Figure 4 (b): Onset anderminationof drought for the 19&83 on
12-monthtime scale for Station 77051

(a) and(b) showthe onset anterminationof drought for the 20@D3 drought for

both time scales. On the-Bonth time scalga), the SPIshowed the onset of the drought

about threBour months in advance starting from December 2001 until January 2003. While
the 12-month time scale(d), shows the onset of mild droughts and followed by severe
initiating around Jul2002. For 3-monthly SPJ the onsets of the droughts were

droughts

threeto five months earlier but the terminatievasin correct time. Whilefor the 12-month

SPI, the

onset more or less in correct time however the terminationsalaresix to eight

months laterFurtherresearch is beingarried outin order to identify thedifferent results

obtained
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Figure 5 (a): Onset and terminatioof drought for the 20ED3 on
3-month time scale for Station 77051
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Figure 5 (b): Onset and terminatioof drought for the 20@ED3 on
12-monthtime scaleéfor Station 77051
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3.2 Relationship between SPI and Precipitation Threshold

The rainfall data and the formula used to calculate SPI could be used to calculate the
precipitationthreshold as well as precipitatiateficit for a more meaningful parameter to
primary producefd who deal with crop water deficit in mof depthall the time.Instead of

using the SPI vaks, the precipitatiothresholé wee used to compute the severdl the
droughts This would bemore helpful to endusersbecausehey canvisualizeand interpreta
precipitation deficibetterthan a drought index.

Assuming that the SPI is a random normal varidhléhe SPI drought class thresholds O,
z=-1 andz = -1.5are transformed into probabilities bging this equation:

NOEIXOINEIEED! (8)

where! (1) is the normal distribution function. The gamma distribution function for each
month is given byEquation (2). Then the cumulative probability of a given upper bound SPI
value(Table 2),! (1), is made equal to the gamma distribution function

x
r

LY — (X e

F)! @ fo ! I 9)
And the equation

AT (D] (10)
where! is the cumulated precipitation.

For example, at SPI =1, Station 77051gave a precipitation threshold of 257 ilnmetre
(Figure 6). If data fell below this corresponding threshold level they are categorized as
drought.
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Figure 6: Transformation othe CDFstandardized normal distributig8P1 =-1)
to the CDHitted distribution(precipitation threshold value = 257 mfoy Station 77051
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Table 4 shows the precipitatiothresholdgor all the stations.These values could be used to
monitor and forecast th@ossibility of droughd that might occurln the current studyhe SPI
values at 0,-1 and-1.5 represent nedrought, moderate drought cirsevere drought
conditions respectively. These are the precipitation thresholds below which the stations
progressiely enter a more severe drought class.

Table 4: Threshold values of precipitation (mia) SPI = 0;1 and-1.5

. Precipitation thresholdgnm)
StaUONS o [ SPI=-1 | SPI=-1.5
76031 274 195 163
77051 343 257 221
79011 582 481 230
81013 552 414 230
86071 633 506 450

The precipitation thresholds obtained differs from one location to andfhesevalues
would bebeneficialfor watermanagemerandcan beeasilyapplied by policy maker8ased
on the precipitation thresholdy 1-month prior prediction using the historical 198283
droughtwasmadeat Station 77051A 12 monthtime scale was used for this analysisven
the observed precipitation in the previous 11 morttesamount of precipitation needed in
selected months to reach the radvought, moderatand severe classase presented ifable
5. Observing data foFebruary 1983cumulative precipitation (it metreg for the previous
11 months wa®7.4 millimetres The initial state (in January) was in extreme cl@3gure
7). The amount of precipitation needed to decrease tedhere moderateand nordrought
severity classwere 124, 160 and 247 milli metres respectively.However, thee was no
rainfall observedn February 1983esultedthat monthstill in the extreme classWhile in
August 1983, the cumulative precipitation (h metre recorded wag05.9 milli metres To
change from this initial statéextreme)to the severe, moderate and fdyought severity
class, theamount of precipitation needed wES 51 and138 milli metres respectivelyWith
the observed rainfall d52.6 milli metresin that month,the classof droughtwas changing
from extreme tomild.

The 12month cumulativeprecipitation forthe 198283 droughteventsfor Station 77051s
shown in Figure 7. The drought initiated in May 1982 and ended in October 1983. The
thresholds value for nedrought, moderate and seveetained were 34&illi metres 257

milli metresand 221milli metres respectively. Overall analysis of the amount of precipitation
needed foevery month from the actual state to reach the severe, moderate atiugint

for 198283 drought event is shown also Atigure 7. In future, his methodwould bevery
usefulin predicting shorterm drought class transition.
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Table 5: Precipitation scenariosnflli metreg for selected monthduring 19883
droughtfor Station 77051

Cumulative Amount of precipitation Observed
Date Initial precipitation (mm) (mm) needed to reach rainfall in
state for previous 11 Non Moderate | Severe that
months drought | drought drought | month (mm)
FSeSk,} Extreme 97.4 247 160 124 0
g | Extreme 205.9 138 51 15 52.6
%(7\?
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Figure 7: The 12month cumulated precipitation during 1¥83
drought for Station 77051 Precipitation needed to readhe non
drought (light gray column), moderate (gray column) and severe (dark
gray column)from the initial staten every monthHorizontal linesare
the precipitation thresholdsfor nondrought moderateand severe
droughts.
Conclusion

The study was designed poovide drought information based on the precipitatioasholds,

which were the translation of the SPI valuB®sults that are based on precipitation are easy

to be understood by common users and important for decision makers. The study uses 61
years (from 1949 to 2010) of monthly precipitation data for five selected meteorological
stations in Victoria, AustralialThe SPI was first usetd investigate how well these indices

reflect drought conditions and furthdefining the orset and end of droughts histanythe

state ofVictoria, Australia It has beershovn to be a good indicator and is worthy of further
study. Furthermore, the relationship between the SPI classification and precipitation threshold
was determined to define the drought conditions in advance.

10
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