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Abstract

Droughts are serious extreme events that have seheffects on the physical environment and watsouee
systems in both developed and developing count@esmisequently, there is need for adequate measures
responding to and mitigating various impacts agdiom drought occurrence. The design and impleatamt

of drought mitigation and response strategies requian understanding of the various indices thatused to
examine drought both at single site and in an dreshe case of water resources management duriticat
drought periods for instance, a means of objegtivdntifying drought events in terms time and diora of
occurrence, magnitude and severity is requireds Thipossible only using various indices to chamdmt
drought. In this paper, some of the key droughtcesl are reviewed and their strengths and weaksesse
identified.
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1. Introduction

Drought is a serious extreme hydrological hazamt thas afflicted most societies in both developamgl
developed countries in the past and will contirmeld so in the future. Its widespread and freqoestirrence
and increased severity worldwide has underscoredvthnerability of both the developed and develgpin
countries to the hazard resulting in unprecedest@ib-economic and environmental impacts. In maaryspof
the world, drought is a recurrent disaster andnoftee precursor of famine and is indeed the simgéest
important factor limiting agricultural and livestoproduction in most countries.

It is perceived in many different ways and therefoan be defined in various ways depending on id@pline.
Consequently, there are various drought types dircty meteorological, hydrological, agricultural socio-
economic but generally it occurs as a result offdilere of expected rains, which leads to varietfects in the
physical environment and on human activities. Whibene drought definitions are directly related hysical
considerations, others have been expressed in tefraecietal impacts. Due to its recurrent natureamiost
regions of the world, there is concern among thiensific and research community on the inability of
governments and other actors to effectively anclynnespond to its occurrence and ameliorate g®a@ated
impacts. Effective management of drought requiresadequate knowledge and understanding of the w&rio
ways of characterizing its occurrence. This is fedrom the indices available to analyse theeddht drought
types in the different sectors of development.

In the water sector for instance, planning for &hemm response to drought occurrence requires rwate
authorities to put water restriction policies i to be implemented during drought episodeshdrabsence of
proper indices to characterize drought, restrigtion water use may be imposed in an ad hoc mamdesaa
staged response plan is needed based on values pafitizular drought index to allow for sustainable
management of water supply during critical periofigrought occurrence (Srikanthan & Stewart 1992Y}his
paper, the commonly available drought indices asergned for their suitability to determine periaafsdrought
occurrence for purposes of planning of water ahe@mgnvironmental resources. The indices are usptbide

a clear and comprehensive picture of drought oeoee in a given area and require various typesiaf such as
rainfall, stream flow and other water supply indiza. They are far more useful than raw data farigien-
making.

2. Drought Indices

Standard definitions of drought refer to the ocence of water within the hydrological cycle andlunie
various types depending on the discipline. A draugtiex is one that gives a quantitative estimdtdrought
severity. Its development should involve the sébecof the nature of water deficit to be studidte averaging
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period to be considered, the truncation level tcapplied to separate drought from the remaindeheftime
series and the method of regionalization (Draet@l., 1980 and Oladipo, 1985). Consequently, available
indices may be grouped into meteorological, agtiral and hydrological and include the Decile Inderrcent

of Normal Standardized Precipitation Index, PalrBeought Severity Index, Crop Moisture Index, Suefac
Water Supply Index, the Reclamation Drought Indec the Bhalme and Mooley Drought Index.

2.1 Deciles Index

The Deciles Index, DI index groups monthly pre@pdn occurrences into deciles. The index provides
accurate statistical measurement of precipitatiath iong climatic data records required for accerat
calculations of the index. The index, developeddiybs and Maher (1967), avoided some of the wesdase
within the "percent of normal" approach and dividdgk distribution of occurrences over a long-term
precipitation record into tenths of the distributiolThey called each of these categories a decile thi first
decile representing the rainfall amount not excdeale the lowest 10% of the precipitation occurrencehe
second decile is the precipitation amount not ededéby the lowest 20% of occurrences. These demiesnue
until the rainfall amount identified by the tentbaile is the largest precipitation amount withie flbng-term
record. By definition, the fifth decile is the madij and it is the precipitation amount not excedueB0% of the
occurrences over the period of record.

The deciles are grouped into five classificatioamely; deciles 1-2 lowest 20% much below; normallde 3-4
next lowest; 20% below normal deciles 5-6; midd@@near normal deciles 7-8; next highest 20% above
normal deciles 9-10; highest 20% much above norfirtad. decile method is relatively simple to calcaland
requires less data and fewer assumptions thandhaeP Drought Severity Index (Smith al., 1993). In this
system, farmers and ranchers can only request gmet assistance if the drought is shown to bevantehat
occurs only once in 20-25 years (deciles 1 ande2 avi00-year record) and has lasted longer thamdrhs
(White and O'Meagher, 1995). This provides a unifairought classification, which unlike a systemdzhsn

the percent of normal precipitation, assists adutilesr to determine appropriate drought responsese O
disadvantage of the decile system is that a lomgatblogical record is needed to calculate the ldsci
accurately.

2.2 Percent of Normal

The percent of normal, PN is a simple calculatioitesl to the needs of weather forecasters and gener
audiences. The index is calculated by dividing alcprecipitation by normal precipitation typicaltpnsidered

to be a 30-year mean and multiplying by 100% amsidan be calculated for a variety of time scalasusually
these time scales range from a single month t@apgof months representing a particular seasoantannual

or water year. It is quite effective for comparimgingle region or season. The percent of norneijpitation is
one of the simplest measurements of rainfall féocation and analyses using the percent of normealvary
effective when used for a single region or a sirgglason. Some of the disadvantages of this inddude the
fact it can easily be misunderstood, since "norm@al mathematical term that does not necessaritespond
with what you should expect the weather and peroEnbrmal is also easily misunderstood and giviéfsrént
indications of conditions, depending on the logatod season.

Besides, the mean precipitation is often not tmeesas the median precipitation, which is the valxeeeded by
50% of the precipitation occurrences in a long-tetimate record. This is because precipitation amtily or
seasonal scales does not have a normal distributh@meas use of the percent of normal comparisqtiesa
normal distribution where the mean and median arsidered the same. Use of this index thereforeemitk
difficult to link a value of a departure with a sffec impact occurring as a result of the departuméibiting
attempts to mitigate the risks of drought basecdtten departures from normal and form a plan of respo
(Willeke et al. 1994).

2.3 Sandardized Precipitation Index

The Standardized Precipitation Index, SPI is aexnolased on the probability of precipitation foy dime scale
and is used by many drought planners due to itsatifity. The advantages of the index include thet that it
can be computed for different time scales, canigemearly warning of drought, help assess drougisty and
is simpler compared to the Palmer index. It wasettgped on the basis that precipitation deficit Hiferent
impacts on ground water, reservoir storage, soistae and stream flow (McKest al. 1993). The index was
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designed to quantify the precipitation deficit foultiple time scales that reflect the impact of udybt on the
availability of the different water resources. Swibisture conditions respond to precipitation andsaon a

relatively short scale, while ground water, strflow and reservoir storage reflect the longer-tgmacipitation

anomalies. For these reasons, Mciéeal. (1993) originally calculated the SPI for 3-, 62-, 24-, and 48-month
time scales.

The calculation of the index for any location iséd on the long-term precipitation record for airéelsperiod.
This long-term record is fitted to a probabilitysttibution, which is then transformed into a normistribution
so that the mean SPI for the location and desiegtbg is zero (Edwards & McKee 1997). Positive 8&lles
indicate greater than median precipitation, whiégative values indicate less than median predipitaSince
the index is normalized, wetter and drier climatas be represented in the same way, and wet perésdalso
be monitored using the SPI. A drought event ocemsstime the SPI is continuously negative and hansity
of -1.0 or less whilst it ends when the SPI becopuesitive.

Table 1.Standardized precipitation index classificationesia

Value Condition

>2.0 extremely wet
1.5-1.99 very wet

1.0 -1.49 moderately wet
-0.99 - 0.99 near normal
-1.0 - -1.49 moderately dry
-1.5 - -1.99 severely dry
<-2.0 extremely dry

Each drought event, therefore, has a duration eefoy its beginning and end, and intensity for eaohnth that
the event continues. The accumulated magnitudecafgtht (or drought magnitude) obtained by the pasigum
of the SPI for all the months within a drought eveBecause the SPI is standardized, these perentag
expected from a normal distribution of the SPI stitdt the 2.3% of SPI values within the extremeudhi
category is a percentage that is typically expedtedan extreme event (Wilhite 1995). This standaation
allows the SPI to determine the rarity of droughtwrence, as well as the probability of the priggin
necessary to end the drought episode (Mcétesd. 1993). The criteria as to when wet or droughtditions
begin using the SPI index is shown in Table 1 (Mekteal. 1995).

2.4 Palmer Drought Severity Index

The Palmer drought severity index, PDSI is a sajisture algorithm calibrated for relatively homogens
regions and is used extensively to trigger drougheéf programs. Some of the limitations of thedrdnclude
the fact that the Palmer values may lag emergingghts by several months; is less well-suited fountainous
land or areas of frequent climatic extremes; is glem and has an unspecified, built-in time scakbg tan be
misleading. It was developed by Palmer in 1965 &asare the departure of the moisture supply baseateo
supply-and-demand concept of the water balancetieguaaking into account more than just the pritatpn
deficit at specific locations with the objective mbviding measurements of standardized moistungliions to
enable comparisons of moisture conditions to beentatween locations and between months (Palmer)1965
The index is a meteorological drought index anghoess to weather conditions that have been abnbyrihg)
or abnormally wet. When conditions change from rynormal or wet, for example, the drought meastimgd
the PDSI ends without taking into account both t&reand longer-term hydrologic impacts such asastr flow,
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lake and reservoir levels (Karl & Knight 1985). Ttlassification criterion for this type of indexas shown in
Table 2.

Table 2. Palmer Index Classification Criteria

Value Condition
>4.0 extremely wet
3.0-3.99 very wet

2.0 —2.49 moderately wet
1.0-1.99 slightly wet

0.5-0.99 insipient wet spell
0.49 - 49 near normal
-0.5--0.99 insipient dry spell
-1.0--1.99 mild drought
-2.0--2.99 moderate drought
-3.0--3.99 severe drought

<-4.0 extreme drought

The PDSI is calculated using precipitation and terafure data, as well as the local available wedetent of
the soil. From the inputs, all the basic termshef water balance equation can be determined, imguslapo-
transpiration, soil recharge, and runoff and meestass from the surface layer. However, human gtgan the
water balance, such as irrigation, are not constle€Complete descriptions of the equations canobed in
Palmer (1965) and Alley (1984). The index was dewetl to include the duration of a drought also kmaws a
wet spell such that an abnormally wet month inrtfiédle of a long-term drought should not have aamejfect
on the index or that a series of months with nearaal precipitation following a serious drought sltbnot
mean that the drought is over. It is important éenthat the index is a hydrological one knownhesRalmer
Hydrological Drought Index (PHDI) since it is based moisture inflow (precipitation), outflow, antbsage,
and does not take into account the long-term tgG@al and Knight, 1985). A modified method of contipg

the PDSI has been described and used by Heddingh&abol (1991) such that the modified PDSI difféam

the PDSI during transition periods between dry aatispells.

The Palmer Index varies roughly between -6.0 an@.+HBalmer arbitrarily selected the classificatsmale of

moisture conditions based on his original studyasrim some states of the USA (Palmer 1965). Thenétal
Index is typically calculated on a monthly basidl @popular and widely used for a variety of apgtions. The
index’s popularity and wide application in droughbnitoring may be attributed to the fact that ibydes

decision makers with a measurement of the abnaymaflirecent weather for a region; an opportunityptace

current conditions in historical perspective; apdtal and temporal representations of historicaudhts (Alley

1984). The index is most effective measuring impaensitive to soil moisture conditions, such agaljure; is

useful as a drought monitoring tool and has beeud us trigger actions associated with drought cgancy

plans (Willekeet al. 1994).

The Palmer Index has considerable limitations 1 application. These limitations have been extemgiv
described by Alley (1984) and Karl & Knight (198&&)d include the following.
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e The values quantifying the intensity of drought aighalling the beginning and end of a drought
or wet spell were arbitrarily selected and hauelgcientific meaning.

« The index is sensitive to the available water cointef a soil type and so its application for a
Climate Division may be too general.

e The two soil layers within the water balance corafiahs are simplified and may not be accurately
representative for a location.

e Other aspects of precipitation such as snowfatiwsoover, and frozen ground are not included in
the index and since all precipitation is treatedaas, the timing of PDSI or PHDI values may be
inaccurate in regions where snow occurs duringuinéer and spring seasons.

e The natural lag between when precipitation fallgl &me resulting runoff is not considered. In
addition, no runoff is allowed to take place in thedel until the water capacity of the surface and
subsurface soil layers is full, leading to an ueddémation of runoff.

e Potential evapo-transpiration is estimated using Timornthwaite method which although it is
widely accepted, it is still only an approximation.

Other notable limitations of the index include taet that it does not accurately represent the digdical
impacts resulting from longer droughts since thieinis designed for agriculture. Besides, it daztsdo well in
regions of extreme rainfall or runoff variabilityé the "extreme" and "severe" drought classificatido occur
with a greater frequency in some parts than inrstf@®mithet al. 1993; Willekeet al. 1994; McKeeset al. 1995
and Kogan 1995). Because of such reasons, the isd@xited in accuracy when comparing the intensit
droughts between two regions thus making drougdrirphg responses much more difficult and cumbersome

2.5 Crop Moisture Index

The crop moisture index, CMI is a Palmer derivatilveloped by Palmer (1968) from procedures witha
calculation of the PDSI and reflects moisture sypplthe short term across major crop- producinggames. It is

not intended to assess long-term droughts. Sonits @fdvantages include the fact that it identifiedential
agricultural droughts. The index uses a meteoroldgapproach to monitor weekly crop conditions. The
difference between the two indices is that whertbasPDSI monitors long-term meteorological wet aing
spells, the CMI was designed to evaluate short-tegisture conditions across major crop producimgonmes. It

is based on the mean temperature and total pratipitfor each week within a Climate Division tdget with

the CMI value from the previous week. The CMI resio rapidly to changing conditions, and it is wegghby
location and time so that maps, which commonly ldisithe weekly CMI, can be used to compare moisture
conditions at different locations.

The index suffers several shortcomings includirgftict that it is not a good long-term drought-nioring tool
since it is designed to monitor short-term moisttweditions affecting a developing crop. Besidés, index's
rapid response to changing short-term conditionsy meovide misleading information about long-term
conditions. For instance, a beneficial rainfallidgra drought may allow the CMI value to indicattequate
moisture conditions, while the long-term droughttett location persists. Another characteristithef CMI that
limits its use as a long-term drought-monitoringltes that the index typically begins and ends egawing
season near zero. This limitation prevents thexrfdam being used to monitor moisture conditionssale the
general growing season, especially in droughts éxa¢nd over several years. The CMI also may not be
applicable during seed germination at the beginoirg specific crop's growing season.

2.6 The Surface Water Supply Index

This index, abbreviated by SWSI was developed Bf&8h& Dezman (1982) and is designed to complertrent
Palmer index and makes use of stream flow, pretipit and reservoir storage as data inputs. lesspits water
supply conditions unique to a basin and has thadgentage that changing a data collection statiowader
management requires that new algorithms be catmjlaind the index is unique to each basin, whiohdiinter
basin comparisons. Since the Palmer Index is Hisieasoil moisture algorithm calibrated for relagly
homogeneous regions and is not designed for lagegtaphic variations across a region and doescaiunt

for snow accumulation and subsequent runoff, theSBWas designed to be an indicator of surface water
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conditions. The index incorporates both hydrologiead climatological features into a single indexiue
resembling the Palmer Index. The index values easténdardized to allow comparisons between basins.

The data requirements for the index include snoekpatream flow, precipitation, and reservoir sggraand
since it is season dependent, the index is compwitddonly the snow-pack, precipitation and resargtorage
in the winter whilst during the summer season;astrélow replaces snow-pack as a component witterSi/Si
equation. The SWSI for a particular basin is deteeah according to the following procedure.

0] Monthly data are collected and summed for all trexipitation stations, reservoirs, and snow-pack
or stream flow measuring stations over the basathEsummed component is normalized using a
frequency analysis gathered from a long-term detta s

(ii) The probability of non-exceedence (that is, thebphility that subsequent sums of that component
will not be greater than the current sum) is debeech for each component based on the frequency
analysis. This allows comparisons of the probaédito be made between the components. Each
component has a weight assigned to it dependingsatypical contribution to the surface water
within that basin, and

(iii) The weighted components in (i) are summed to dater a SWSI value representing the entire
basin.

Like the Palmer Index, the SWSI is centred on zemb has a range between -4.2 and +4.2. One ahitméages
is that it is simple to calculate and gives a repntéative measurement of surface water suppliesaer basin.
Several characteristics of the SWSI limit its apgiion. Because the SWSI calculation is uniqueatthéasin or
region, it is difficult to compare SWSI values betm basins or regions (Doeskatral. 1991). It is difficult to
maintain a homogeneous time series of the indecesimithin a particular basin or region, discontimuiany
station means that new stations need to be addéaetgystem and new frequency distributions neetleto
determined for that component. In addition, if opes in water management within a basin such as flow
diversions or construction of new projects likeeresirs do occur, then the entire SWSI algorithmtfat basin
needs to be redeveloped to account for changd®imveight of each component. Extreme events alsseca
problem if the events are beyond the historicaktsaries, and the index will need to be re-evatlimienclude
these events within the frequency distribution dfain component (Heddinghaus & Sabol 1991).

2.7 Reclamation Drought Index

The Reclamation drought index, RDI just like the SMIs calculated at the river basin level, and esaltse of
temperature, precipitation, snow-pack, stream fiowd reservoir levels as data input and has thensalya that
by including a temperature component, it also antofor evaporation. The index was developed byBineau
of Reclamation in the USA, as a trigger to reledisright emergency relief funds and has recently hised as
a tool to define drought severity and duration, tmgredict the onset and end of periods of draught

The index is limited in its use for inter basin quarisons as it is unique to each river basin. Thsstfications
for the index are given in Table 3. Just like th&/SB, the RDI is calculated at a river basin levahd
incorporates the supply components of precipitatsmow pack, and stream flow and reservoir levétavever,
it differs from the SWSI in that it builds a temptire-based demand component and a duration comipiohe
the index. The RDI is adaptable to each partictdgion and its main strength lies in its abilityaocount for
both climate and water supply factors. The RDI galand severity designations are similar to the BBBI,
and SWSI.

19



Civil and Environmental Research www.iiste.org
ISSN 2224-5790 (Paper) ISSN 2225-0514 (Online) l%i.!
Vol.6, No.2, 2014 IIS'E

Table 3. Reclamation Drought Index ClassificatiatteCia

Value Condition

>4.0 extremely wet

1.5-4.0 moderately wet
1.0-15 normal to mild wetness
0.0--15 normal to mild drought
-1.5 - 4.0 moderate drought
<-4.0 extremely drought

2.8 Bhalme and Mool ey Drought Index

This index was developed by Bhalme & Mooley (1980% is based on the four months of monsoon rainfall
India. To use this type of index, a moisture indeXirst defined as the percentage of departurenofthly
rainfall from the long term mean weighted by theipeocal of the coefficient of variation and then a
appropriate drought index derived from the moistimgex to account for the duration factor of abnakm
moisture deficiency with the monthly index valuesngrally ranging from —4 to +4 in which the destivip
terms used to characterise the weather being sitnikhose of Palmer.

3. Conclusion

In conclusion, it should be noted that various ¢edifor different drought types are available drat tifferent
indices have strengths and weaknesses and thatsingle index is superior to the rest in all anstances but
some indices may be better suited than othersduaia applications. The Palmer Drought Severigeby for
instance, is widely to determine when to grant gyaecy drought assistance, but the Palmer is betten
working with large areas of uniform topography. Fther areas with mountainous terrain and with demp
regional hydrological and microclimates, the indax be supplemented with other indices such aStinface
Water Supply Index. Sometimes it may be necessatpinbine indices in a study to be able to comprsikely
deal with the drought hazard. The indices shoutdydver, not be based on identical data. The chaofican
index depends on the purpose of a study and fagrveatpply planning and management for instanceSW&I
is the most suitable and only index that is usedesiit takes into account the various components whter
supply system and is generally used together WaHPDSI.
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