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ABSTRACT

Drought is both a hazard and a disaster; a hazard because it is an accident of unpredictable occurrence, part of the
naturally variable climate system; disaster because it corresponds to the failure of the precipitation regime, causing
the disruption of the water supply to the natural and agricultural ecosystems as well as to other human activities.
Drought definitions are many and often are equated with specific drought impacts on economic activities,
ecosystems, and society and water management issues. The objective of this study is to provide a comparative
spatial analysis by using IDW methods as one of important geospatial methods and temporal variability of drought
index in Taleghan with the view to identifying trends and onset of drought. It will quantify the relative effectiveness
of SPI, DI and CZI and precipitation data as drought indices in the Taleghan region as a unique and highly
productive basin. Taleghan is also a semi-arid region with a 41-year rainfall average of around 520 mm. Most
rainfalls are in winter and spring. Geographic information system (GIS), GS+, Excel and DIP are good tools for
analyzing spatial location, interaction, structure and processes. In this research the SPI, DI and CZI has been used
as reference indices for the identification of drought events. Data-set is collected from 8 climatology station within
the water shed from 1967 to 2008. After testing and if needed normalizing the data, it was entered in Excel and after
being saved as a text, it was transformed to the DIP software to calculate the SPI, DI and CZI. In the second stage,
we used data in GS+ to assess the spatial variability of SPI, DI and CZI as Geostatic calculations. We analyzed the
spatial relationship of SPI, DI and CZI with IDW by using GS+ only for yearly data. To increase the insurance, we
used cross validation to make better decision in choosing the best method for mapping. To determine the degree of
accuracy of maps, the cross validation between the three ways was analyzed. The R? factor was used as an
important indicator to assess their accuracy. In the meanwhile, t-student test in 1% level was calculated to
distinguish the significances.

Keywords. Drought, Drought Index, Temporal Trend, Spatiablysis, DI, SPI, CZI, IDW

INTRODUCTION

Drought can basically be defined as a period ofoabally dry weather, which further results in a e in
vegetation cover condition [5, 14]

Drought is a natural feature of climate and océur@most all climatic regions with varying frequsn severity and
duration [17]. It can be defined as a temporarydtabce of water availability consisting of a peesi$ lower than
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average precipitation of uncertain frequency, daratind severity, of unpredictable or extremelydhtr predict
occurrence, resulting in diminished water resoueseslability [11].

Drought is both a hazard and a disaster; a hazszduse it is an accident of unpredictable occueepart of the
naturally variable climate system; disaster becdauserresponds to the failure of the precipitatiegime, causing
the disruption of the water supply to the naturad agricultural ecosystems as well as to other lmuawivities.
Drought definitions are many and often are relateith specific drought impacts on economic actidtie
ecosystems, and society and water management {dsuess 16 and 18].

Vicente-Serrano et al in 2010 [15] used precigtatminus potential evapotranspiration (P-ET) tocesssyearly
changes in the degree of aridity, which they reféras aridification. Drought indices evaluate tlepaiture of
climate variables in a given time interval (monsleason or year) from the “normal” conditions and ased as
monitoring tools and operational indicators for @atanagers. Several drought indices have beenoged most
of them based only on precipitation, some basegrenipitation and evapotranspiration (ET), and rtheferring

to runoff and vegetation conditions [5]. Keyantashd Dracup in 2002 [7] evaluated the performancd an
tractability of the most used drought indices, vdasrMishra and Singh in 2010 [10] reviewed drowgimcepts and
compared drought indices.

Drought monitoring models and products assist datisiakers in drought planning, preparation, antigaiion, all
of which can play a role in reducing drought imgdat].

Standar dized Precipitation I ndex (SPI)

SPI was developed in Colorado by McKee et al in31[89) and is based just on precipitation and, tfeees requires
less input data and calculation effort than PDSlorg-term precipitation record at the desiredistats fitted to a
probability distribution (e.g., gamma distributipmyhich is then transformed into a normal distribatso that the
mean SPI is zero [3]. SPI may be computed witredffit time steps (e.g., 1 month, 3 months..., 48th) and is
reported to be able to identify emerging drougtasner than the Palmer Index. The use of differene tscales
under the umbrella of the same index allows thectdf of a precipitation deficit on different watesources
components (groundwater, reservoir storage, sostme, streamflow) to be assessed.

Positive SPI values indicate greater than meanigtaiion and negative values indicate less thanamme
precipitation. Similarly, to the PDSI, SPI may beed for monitoring both dry and wet conditions. Tdeught”
part of the SPI range is arbitrarily split into arenormal” conditions (0.99 <SPI<-0.99), moderatily (-1.0 < SPI
< -1.49), severely dry (-1.5 <SPI<-1.99) and exebmdry (SPI < -2.0). A drought event starts whe?l 8alue
reaches -1.0 and ends when SPI becomes positive. ddee positive sum of the SPI for all the monthighin a
drought event is referred to as “drought magnitude.

To date, SPI is finding more applications in sowdhtvAsia than other drought indices due to itstlchiinput data
requirements, flexibility and simplicity of calctilans (Smakhtin and D. A. Hughes. 2004 )

The Decile Index

This method is a rather under-utilized drought et its simplicity makes it the most reasonalikce to start.
The Precipitation Deciles method was created byo&#nd Maher in 1967 [4] to obtain a consistenesmsent of
the meteorological situation for regions where pigation averages were inadequate. This indefav®urable
because it is easy and relatively quick to compufdso, the only data it requires as an input iaglderm
precipitation values, which is not difficult to cenacross. Some of these deficiencies includerthieility for the
Decile ranges to accurately represent the droughat®ns in areas where precipitation patternseddpheavily on
seasonality and difficult to understand patterngmvbonstructed as a time series.

Gibbs and Mabher in 1967 [4] proposed that theseil®emlues be computed on an annual basis. Byreatu
droughts do not usually last this long of a timalsgctypically their duration is on the order of mtfuis. Also, as
mentioned before, some of the drought events weilldst or smoothed out when the averaging periabitong.
This simple index could not be used for droughtdton because of its dependence on observedodiata does a
very good job at giving a general idea about theerit hydrometeorological state of the regions.
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Computations

As promised, the computations for this index argy\masic and thus do not require the use of extenists of

equations. First, the long term precipitation dstmust be sorted, starting with the wettest arthand decreasing
to the driest. Next, this sorted set needs toibieletl into ten Deciles. In table 1, the categoresl truncation
levels of the Precipitation Deciles is representédcording to this method, a drought ends wherthi&)previous
month’s precipitation puts the three month totabimabove the fourth Decile, 2) the summed preaijgit for the

previous three months period is in or above thathi@ecile [8], or, as a supplemental rule suggebieKeyantash
and Dracup [7], if the summed precipitation surpasthe first decile for every month in the drougfen the

drought can be considered concluded. This lastwas formed because this index makes it possibléh€ first

rule to be prompted quite easily by receiving infigant amounts of precipitation during a periotese that area
receives little to no precipitation.In this apprbaiggested by Gibbs and Maher in [4] and widebduga Australia

[1] monthly precipitation totals from a long-termacord are first ranked from highest to lowest tmstouct a

cumulative frequency distribution. The distributisrthen split into ten parts (tenths of distribatior Deciles). The
first Decile is the precipitation value not excegdry the lowest 10% of all precipitation valuesairrecord. The
second Decile is between the lowest 10 and 20%Cetmparing the amount of precipitation in a monttseveral

months’ period with the long-term cumulative distifion of precipitation amounts in that period geverity of

drought can be assessed. Decile Indices (DI) avapgd into five classes, two Deciles per claspréiipitation

falls into the lowest 20% (Deciles 1 and 2), iclassified as “much below normal”. Deciles 3 to20 to 40%)

indicate “below normal” precipitation, Deciles 5 &o(40 to 60%) give “near normal” precipitationaid 8 (60 to
80%) — “above normal” and 9 and 10 (80 to 100%)“amech above normal” (McMahon, 1986).

Table1: Category and Value of Drought for SPI

Deciles I ndex

DI Rank | Deciles Category v
%10 < | Very much below norma|
10 to 20| Much below normal
20 to 30| Below normal
30to 40| Slightly below normal
40to50 | Normal

50 to60 | Normal

60 to70 | Slightly above normal
70to 80| Above normal
80 to 90| Much above

%90> | Very much above norma|

@D

rwNPROOLL WA

Boo~voobwnr

China Z-Index (CZI) and Z-Score
China-Z Index (Czl) and Modified China-Z Index (G4lave been used by many scientists to monitor tomeis
conditions across their country or their case strdg.

The CZI is based on the Wilson-Hilferty cube-ro@nisformation [6]. Assuming that precipitation déaow the
Pearson Type Il distribution, the index is caltethas:

v3
ca, =£[&¢j +1J - 5.5
9

C. C. 6 1)
> (Xj -X )3
c,=12t——
nxo &)
X, —X
$;= pn
3

Wherg is the current monthCds coefficient of skewness) is the total number of months in the recopgis
standard variant, also called the Z-Scores, xaiglprecipitation ofj month. Wuet al. (2001) attempted to reduce
the differences between the SPI and MCZI, but tbeycluded that the overall differences betweenethes
indices reduce significantly as it is between thé &d CZI.
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Table 2: Category and Value of Drought for CZI

Standardized Preci

pitation Inc

CZI Ranl

CZI value:

Categor'

~NOoO s WN PR

2 and above
1.5t01.99
1to 1.49
-0.99t0 0.99
-1to0-1.49
-1.5t0-1.99
-2 and less

Extremely wet
Very wet
Moderately wet
Near normal
Moderately dry
Severely dry
Extremely dry

The objective of this study is to provide a compigeaspatial analysis by using IDW as one of impnottgeospatial
methods and temporal variability of drought indexTialeghan with the view to identifying trends ammket of
drought. It will quantify the relative effectivereef SPI, DI and CZI and precipitation data as ghtundices in the
Taleghan region. The results from this comparisdhhepefully serve as timely scientific input f@olicy makers
in Taleghan and international organizations fortanable water resources development and manageiment
Taleghan.

MATERIALSAND METHODS

Study area

Taleghan is located in one of the more variable suithble regions for farming and grazing of Ir&ig(re 1). A
unique and highly productive basin, Taleghan is @donthousands of inhabitants with exceptional iviexity. The
impact of both climate and anthropogenic factorsTaleghan Basin is substantial. Access to freshwieden both
surface and groundwater resources have been hanpeeasing pressure on groundwater and rangeland
resources is raising concern over long term susbdity. Taleghan is also a semi-arid - with a 4%y rainfall
average of around 520 mm. most rainfalls are irteviand spring.

Figure1l: Map of study areain Iran

Datasets and methodology

Geographic information system (GIS), GS+, Excel Bife are good tools for analyzing spatial locatimteraction,
structure and processes, because hydrometeordlaiitaa are spatially distributed (Smakhtin and D.HAuighes.
2004, p 32). In this research the SPI, DI and G been used as reference indices for the idettdit of drought
events.

Data-set collected from 8 climatology station withhe watershed from 1967 to 2008. After testind imeeded
normalizing of the data, they entered in Excel aftér saving as a text, transformed to the DIPvwani for
calculating the SPI as Monthly, Yearly and 3, 613, 24 and 48 Monthly Moving Average (MMA), DI a@ZI.

In the second stage we used data in GS+ for amgefise spatial variability of SPI, DI and CZI as dstatic
calculations. We analyzed the spatial relationgfi@Pl, DI and CZlwith IDW by using GS+ only for gy data
[19].To increasing the insurance, we used cradgatan for making better decision for choosingtbmsnner for

mapping.
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RESULTSAND DISCUSSION

After analysing data, we assessed the-set in 3 stage, a) time trend ®PI, DI and Cz, b)spatial analysis of SPI,
DI and CZlin peak years of drought and wand c)comparison between three kinddodught indices in mappir
through IDW by using cross validatio

1-TimeTrend

1-1: SPI

As shown in below Graph 23 years of period located in the lower level ofmal (<0) toward to the droughts
region. There were only 19 years upper than no(>0) to wet ones. Despite of more than 560 mm rdiafarage
this can bemportant and considerable. In the waters with this amount of rainfall we can see there 3 years of
42 years in severely and extremelgt while only there are 4 years in against pdibty category)

By the way we can extract that there about 4 importanperiod of drought and wet periin this time. In the other
hand there two points peak of extremely dry (19888) witt more than SPI €-while inagainst of it, we see only
one peak point of extremely wet with SPI1>2 (1994)whole period. This as well as shown the varigband
unreliability of rain in this watershed that locatadthe one of the important place in the counOtherwise we
found that often after a wet period, there wasaught period. First wet period belongs1967 to 1969, while the
next drought period haslfowed in 1974 to 1976 arsamenesthe wet period of 1992 to 1995 has come with6
to 2000 as another drought period.

Another important finding relate to the years obtmajor drought period. As shown in the graphs,fitts¢ period
of drought has tan along only 3 years between 1974 to ., while the second onesgere with 5 years between
1996 to 2000. Therefore excegaverity of drought, the time of drouctoo has shown considerable increasi

The colors that are shovim below graphare same with the 2D and 3D maps in next sess

Graph 1: Yearly SPI for Taleghan water shed 1966-2007 (L eft: Wet Period, Right: Drought Period)

Yearly SPI for Taleghan Watershed Normal & Wet Yearly SPI for Taleghan Watershed Normal & Drought

A

1-2: DI
As shown in the following Grap®, 11 years of period are located in the normaUitam (-0.5<DI<0.5), 13 years
in wet condition (DI1>0.5) and 18 years in dry cdiuadi (DI<-0.5).

Despite more than 500 mm, we observed that 18 y#at years are in worse condition while 13 yearsin wet
condition.

Considerable finding in the Grafhis related to the fact that in most cases weseana drought period comes a
the wet condition. In the meanwhile, contrary temvpeak wet year (DI>3), there is abnormally deather (DI--
3). Therefore it can be usual to forecast the takain in next years. It has high probability that ie thext drough
going to happen, the condition of lack of rain nieyworse and on the other hand, in the next peak gewet
period spatial distribution of wet will be only the normal or moderately it. As shown in graph 1, the next ¢
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period has started from 2006, and sharply has giawen toward worse condition. The important peakryeaf
drought are 1976 and 1998;0n the other hand, 18842605 are peak years of v

The colors that are shownfine following graphs are the same with the 2D and®&ps in next sessior

Graph 2: Time Trend of DI (Drought Index) 1966-2007

1-3: Czi

As seen in Grapl3, 29 years of period are located in the level @fmal -0.99<CZI<0.99), 7 years upper than
normal (CZI>0.99) toward wet condition and 6 yelasmser than normal (CZI-0.99) toward drought conditions.
the watershed with this amount of rainfall, asaih ®e seen, there isl years of 42 years in extyewet while only
there are 2 years in extremely dry condit

In the meantime, it can be concluded that thereabosit 4 important periods of drought and wet genothis time.
On the other hand, there are two extremely dry pedkts (1976, 1998) with more than C.-2 while, we see only
one peak point of extremely wefith CZI>2 (1994) in the whole period. First wet period bbgjs to 196-1969,
while the next drought period has followed from 493 1976 and similarly, the wet period of 19921895 has
come with 1996 to 2000 as another drought peristllijke SPI and DI as ahole.

The colors that are shown in the following graptesthe same with the 2D and 3D maps in next sess

Graph 3: Time Trend of CZI in 1966-2007

Yearly CZI for Taleghan Watershed Normal & Wet Yearly CZI for Taleghan Watershed Normal & Drought

A
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1-Spatial trend analysing 2D and 3D Mapping by usidyy for SPI, DI and CZI

2-1: Drought peak years

In the first dry range that started from 1973 t@@.@s has been shown in table 3 and 4, 1976 hasdisgdayed as
peak year. In SPI method, it can be seen that Hewwvatershed has been exposed to moderate, sswdpBxtreme
drought and as a result, the most parts of it airemely dry and then severely dry and finally madely dry, while

in CZI we see the same condition about categomjrofight with this difference that progress of sew#mought is
maximum and in the next steps come extremely andenadely dry conditions. On the other hand, we tbtimat in

DI, there are only 2 categories: severe and extrdrmaght. Distribution of extreme drought condition the

watershed is more than severe drought conditidiig(ta and 4).

In the second period of drought that happened dutBp6-2001, in 1998 as the driest circumstana StAl map
shows the extremely dry condition encompassed a grea of the region and the severely dry condiSoranked
after it. There is a very small part in the watexslas moderately dry, but it is hardly seen. Distion of classes in
CZI as a whole are like SPI, but amounts of modeaad severe drought extension are bigger thanCRPtrary to
those methods, in DI manner, there are only exthemieught situation in the whole watershed. Wenwrsee
other kinds of drought in the map (Table 3 and 4).

One common finding in all maps is the fact thatesiy of drought in second year i.e. 1998, incrdaseich more
than the first peak year. On the other hand, ldakiofall in last year was distinguishable. If #imer dry peak year
is going to happen in the future, it might be wdisn the last condition in 1988 (Table 3 and 4).

Table 3: 2D map of IDW in Taleghan Water shed for selected year s between 1966 to 2007

SPI DI CZI
y Z
o4 364 36
] 1976
s - < <
i~ E=4 k-4
2 36.3 " 2362 2362
g £ £
36. T T T T T T T T T
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2-2: Wet peak years

As displayed in table 3 and 4, first wet peak yd894 was selected. In this year in maps of SPI@a&id there are
two classes of wet; extremely and severely wettleitarea of extreme wet in CZI map is more thahngip. In DI
map, the whole watershed has been located in eglyenet.

On the other hand, considering the ID, the bestsiin in the watershed has been appeared. Anehtiire area has
gained maximum rainfall in extreme class, CZI ar®l 8ome next related to the amount of rain thdtifethe
region, so in CZI more than half of the regiondedted in extremely wet and the condition for SRkverse.

Second selected wet year is 2005. In all the malfispugh watershed has been located in wet peniedsan see
only in ID map asmall area exposed to good rairdalll it is in extremely wet class and rest of ttetenshed is
located in severely wet. In SPI and CZI map all thgion has two category of wet: normal and moatyavet
(Table 3 and 4).

As a whole,it can be said that in proportion tmpmvet year, in this year amount of rainfall desesasharply and
although the watershed has gained rainfall more ttmmal, condition of rainfall in this year as atwear is not
satisfactory (Table 3 and 4).

Table 4: 3D map of IDW in Taleghan Water shed for selected year s between 1966 to 2007

SPI |

1976

K55y
V01005 205 %%s
I,"la:"q'o",'o:"o:::'

4,
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RE58853558585
%

22508
GRS
;::o'
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1-Cross validation

To determine the degree of accuracy of maps, wl/zet cross validation between the three ways. \a& R
factor as important means to determine their acgurieanwhile, we calculated t-student test in el to
distinguish the significances. Results of Rave been displayed in table 7. Based on the rigsdiof the
computations, we can compare three methods tog€thbte 5).

3-1: SPI and DI

Results show that there is a significant differehetwveen SPI and DI in 1 and 5 % levels. It mehas the maps
produced by SPI are more reliable than ID mapssé&lmeaps can be usedto analyse and probably fotbeastents
which might happen in the future (Table 5).

3-2: SPl and CZI

Results show that there is not any significantedé@hce between SPI and CZI in 1 and 5 % level.elams that the
maps extracted by SPI and CZI have the same féfsiioir analysing and probably forecasting the mgewhich
might happen in the future (Table 5).

3-3:ID and CZI

Results show that there is a significant differebetveen CZI and Dl in 5 % level. It means thatrieps produced
by CZI like SPI are more reliable than ID maps. ikgahese maps are more reliable to analyse anbaptp
forecast the events which might happen in the &tinble 5).

Table5: calculated R? for three kinds of drought indicesfor important period of drought and wet

s |l a|l=|~n|8|lz|l=|n| 8 |la|l=|N|8|z|l=|x|8&8|lT|=|RN

Sl o | B0 Sl o | B0 Sl o | B0 Sl o | B0 Sl o | B0
1975 | 0.62 0.69 0.93 1992 0.75 0.70 0.1 1995 (.6962 0.78 1998| 0.92 0.4 0.99 2002 093 024 (.89
1976 | 0.85| 0.43 0.74 1998 0.84 0.6 0.45 1996 Q.9997 0.86 1999| 0.88 0.9, 0.85 2004 066 088 (.79
1977 | 0.79 0.81 0.79 1994 0.71 0.46 0.69 1997 Q.8045 0.81 2000( 0.87 0.7 0.79 2005 0.0 032 0.56
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CONCLUSION

First and important finding of this study is relht® the way of drought index accomplished by IDVipping as
spatial analysis method. As a result of test, ippiag with IDW, SPI has revealed the best correfgtMCZI and
DI are placed after it respectively. We can use &P4 reliable tool to forecast the next eventomgarison to the
other two methods.

The lack of rain and abnormally dry weather that happened in the first dry peak year comparetiddast one
which happened in 1998, was moderate as a wholiés e we see in 1998 the severity of dry conditfoworse. It
is likely that the next dry year will be in moretastrophic condition than 1998.

The same situation for wet period is seen but wenge direction. It means that the amount of rdifecreases
sharply in the second wet year. Although the watslshas gained rainfall more than normal, conditibrainfall in
this year as a wet year is not satisfactory.
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