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Abstract: Six meteorological drought indices including percent of normal (PN),
standardized precipitation index (SPI), Chihaindex (CZl), modified CZI (MCZI),
Z-Score (Z), the aridity index of E. de Martonne (I) are compared and evaluated for
assessing spatiemporal dynamics of droughts in six climatic regions in Iran. Results
indicated that byconsideation of the advantages and disadvantagesthed mentioned
drought predictors in Iran, the-3core, CZI and MCZl could be used as a good
meteorological drought pdictor. Depending on the month, the length of drought and
climatic conditions of the regigthey are an alternative to the SPI that has limitatimoik
because obnly afew available long term data series in Iran and its complex structure.
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1. Introduction

Drought is a natural local or regional phenomenon, its basic cause being the lack of precipitation
over a time periodDroughtmay be studied fronthe environmental or the water resources point of
view [1]. Environmental droughts can be classified into meteorological drought, hydrological drought
and agricultural drought. This study focuses on meteorological drought. Meteorological droughts are
temporary, recurring natural disasters, which originate frook lkaf precipitation and can bring
significant economic losses. It is not possible to avoid meteorological droughts, but they can be
predicted and monitored, and their adverse impacts caleveated[2].

Nowadays, many different drought indices are wsedrought monitoring tools. The most popular
indices include the Palmer Drought Severity Index (BDSl, which is widely used in the United
States, the Deciles Ind¢4], which is operational in Australia, the Chidandex (CZI), which is used
by the National Metrological Center of Chirfé] andthe standardized precipitation index ($P6],
which has gained world popularity. Most of these indices are calculated using climate data (rainfall, or
temperature). An advantage of the SPI is that it can ooty and wet periods over a wide spectrum
of time scales frononeto 72 monthg7]. Based on an analysis of the drought in the Southern Plains
and the southwestern United States in the spring of 1996, tHeaSPBkeen shown to laemore reliable
index of developing drought conditions than the PD@B]|. This conclusion is based on the
responsiveness of the SPI to emerging precipitation deficits at shorter time scaldéisréaigonths).

Thus, the SPI recognizes moisture deficits more rapidly than thé, RID&h has a response time
scale of approximatelyi82 months[6,9]. The SPI is simpler than the PDSI in calculation isnuiore
spatially consistent and can be usedn risk and decision analys¢$0].The choice of indices for
drought monitoring in apecific area should eventually be based on the quantity of climate data
available and on the ability of the index to consistently detect spatial and temporal variations during a
drought evenf11].

2. Study Area

Iran is situated in Southwest Asiagrdering the Gulf of Oman, the Persian Gulf, and the Caspian
Sea, between Iraq and Pakistan. The mountains enclose several broad basins, or plateaus, on whic
major agricultural and urban settlementsaaegelocated (Figure 1).

Iran's climate is mostlgrid or semiarid, to wet along the Caspian cdeshwas classifiednto six
separate climatic areas according to climatological parameters as Desert, Semi Desert, Mountains
Semi Mountains, Coastal Wet and Coastal Desert (FiguE2R)On the northeredge of the country
(the Caspian coastal plain), temperatures nearly fall below fredmimgg winterand remain humid
for the rest of the year. Summer temperatures rarely exce€d R@nual precipitation is 680 mm in
the eastern part of the plain amdbre than 1,700 mm in the western artl the southern coasts of the
Caspian Searlo the west, settlements in the Zagros Mountains pasperience lower temperatures,
severe winters, sufveezing average daily temperatures and heavy snowfall. Thereasigrcentral
basins are arid, with less than 200 mm (eight inches) of rain and have occasional desert. Average
summertemperatures exceed &3. The coastal plains of the Persian Gulf and Oman Sea in southern
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Iran have mild winters, and very humid and sommers. The annual precgtion ranges from 135 to
355 mm[13].

Figure 1. Geographical location and topographic map of Iran and spatial distribution of
meteorological stations.
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Iran has experienced ever increasing droughts in recent years, e.g20@0no 2005, possibly
attributed to the redistribution of surface water budget as result of global and regional climate
changd14]. According to the statistics reported the OFDA/CRED International Disaster Database,
drought is the major natural disaesthat has affected Iran from 1900 to early 2008 (TapleLd].
Therefore accurate drought monitoring methods are of importance for short and long term regional
drought forecasting and disaster management in Iran, especially for agricultural and thadiqmo

Several studies on drought monitoring over Iran considdy limited areas of Iran where in this
paper authors considered the whole country as a case study area including six separate climatologice
regions[11,16 19].

In order to contributdo improved drought monitoring in Iran, in this study we compared and
evaluated six meteorological drought indices including percent of normal (PN), standardized
precipitation index (SPI), Chirz index (CZI), modified CZI (MCZI), ZScore (Z), the aridity inde
of E. de Martonne (1), for multiple time scales in six climate regions. The average monthly rainfall and
temperature data of 180 meteorological stations (from Iran Meteorological Organization (IRIMO) that
registered at the World Meteorological Organiaat{WMOQO) as standard typef synoptic station),
which are distributed over the Iran territory and cover the 112306 period, were usd#igurel) [13].
However, only 40 stations could be finally selected in this study because the calculation of théh&8PI a
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reference index requires that there is no missing data in the time gérigls,should cover at least 30
years ando compae other indices with SPI, wavere ableto calculate all othe mentioned indices

only for 40 weather stations (Figure 2 and Table 2). Obviously use of interpolation methods for only
40 stations for assessing of the spatial pattern of different drought indiceth@wdrole of Iran with

an area of 1,648,000 squareokileters is not possible. Therefore, in this sttidyauthors compared

the resultona local (station) scale.

Table 1.Summarized table of natural disasters in Iran from 1900 to 2008.

Disaster Killed Total Affected Damage US$(006)
Drought Drought - 37,625000 3,300,000
Earthquake Earthquake 147100  2,579024 10,518,628
Epidemic Diarrhoeal/Enteric 372 2500 -
Extreme Temperature Heat wave 158 - -
Unspecified 1,281 1,374,034 6,002,028
Flood Flash Flood 60 4453 28,000
Flood 6,404 2,272567 1,622,500
_ Avalanche 73 44 -
Slides .
Landslide 43 100 -
Wild Fires Scrub - - -
Cyclone 12 160,009 -
Wind Storm Storm 217 11,700 15,240
Winter 91 8,085 13,300

Figure 2. The study area classified into six climatic regiavith spatial distribution of

selected meteorological stations.
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Table 2. List of selected meteorological stations

Name Latitude (Decimal Degree)  Longitude (Decimal Degree) Elevation(m)  WMO Code
Abadeh 3118 52.67 2,030 40818
Ahwaz 3133 48.67 23 40811
Arak 34.10 49,77 1,708 40769
Ardebil 3825 48.28 1,332 40708
Babolsar 36.72 52.65 121 40736
Bam 29.10 58.35 1,067 40854
Bandar Abass 27.22 56.37 10 40875
Bandar Anzali 3747 49.47 126 40718
Bandar Lengeh 26.53 54.83 23 40883
Birjand 3287 59.20 1,491 40809
Bojnurd 37.47 57.32 1,091 40723
Doushan Tappeh 3570 51.33 1,209 40753
Esfahan 3262 51.67 1,550 40800
Fassa 2897 53.68 1,288 40859
Ghazvin 36.25 50.05 1,279 40731
Gorgan 36.85 54.27 13 40738
Hamedan Noyheh 35.20 48.72 1,680 40767
HamedanAirport 34.87 4853 1,741 40768
Kashan 33.98 5145 982 40785
Kerman 30.25 56.97 1,754 40841
Kermanshah 34.35 4715 1,319 40766
Khorramabad 3343 48.28 1,148 40782
Khoy 3855 44.97 1,103 40703
Mashhad 36.27 59.63 999 40745
Noushahr 36.65 5150 121 40734
Ramsar 36.90 50.67 120 40732
Rasht 37.25 49.60 17 40719
Sabzevar 36.20 57.72 978 40743
Saghez 36.25 46.27 1,523 40727
Sanandaj 35.33 47.00 1,373 40747
Semnan 35.58 5355 1,131 40757
Shahre Kord 3228 50.85 2,049 40798
Shahroud 36.42 54.95 1,345 40739
Shiraz 2953 52.60 1,484 40848
Tabriz 38.08 46.28 1,361 40706
Tehran Mehrabad 35.68 5132 1,191 40754
Torbatddeydarieh 35.27 59.22 1,451 40762
Yazd 3190 54.28 1,237 40821
Zahedan 2947 60.88 1,370 40856
Zanjan 36.68 4848 1,663 40729
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3. Drought Indices and Methods
3.1. Standardized Precipitation Index (SPI)

The SPiwas definedas the number of standard deviations that the observed cumulative rainfall at a
given time scale would deviateom the longterm mean for that same time scale over the entire length
of the record6]. As a single numeric value, the SPI can be compared across regions with markedly
different climates. The Colorado Climate Center, the Western Regional Climate @edtehe
National Drought Mitigation Center use the SPI to monitor drought in the [F$ASince the
cumulative precipitation ay not be normally distributethe datehas been transformegbproximately
to the normal domain to standardize the drought in@le&.time scale of the SPI is also flexible, which
is an attractive feature because it is possible to experience wet conditions at one time scale but dn
conditions at another simultaneoufdy.

The SPI may be computed with different time steps,(emg.month,threemonths, and 24 months).
It was showrthat the use of SPI at longer time steps was not advisable as the sample size reduces eve
with originally longterm data sets. The use of different timescales allows the effects of a precipitation
deficit on different water resource components (groundwater, reservoir storage, soil moisture, stream
flow) to be assessed10]. Positive SPI values indicate greater than mean precipitation and
negative values indicate less than mean precipitation. The SPbenaged for monitoring both dry
and wet conditions. Thédrought part of the SPI range is arbitrarily split infmear normail
(0.99> SPI >1 0.99),fimoderately drg (1 1.0> SPI >1 1.49),fiseverely drg (1 1.5> SPI >1 1.99) and
fiextremely drg (SPI <1 2.0) conditions. A drought event starts when it becomes negative and ends
when SPI becomes positive again. Calculation of the SPI requires that there is no missing data in the
time series. The data record length is recommended to be at least 3(bjdaesause the drought
index classes are fittetb that period andare also intercomparablevith other sites of different
climates. This indexhas beerusedwidely recently in different drought related studies for assessing
climate change effectsn water resurce, agriculture, hydrology and ecosyste®. [

3.2. ChinaZ index (CZI), Modified CZI (MCZI) and-&core

The CZI is based on the Wilsidilferty cuberoot transformatiofi21]. Assuming that precipitation
data follow the Pearson Type Il distributidhe index is calculated as:

1

C, 3 a60 aC.H
CZ -Ege—/ +183- % 8+ge—38 (1)
CS g s+ (;6—
n 3
a x - ¥ -
C, = =1
n3s
X -X
/i= (3)

wherei is the current month, {s the coefficient of skewness, n is the total number of months in the
record,l isthestandard vitiate, also called theS€ore and; is the precipitation ofi month(mm). To
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compute the MCZI, the median of precipitation (Med) is used instead of the mean of precipitation in
the calculation of the CZI.é., Med is substituted for x ikBquatons(2) and @) [5]).

3.3. Aridity Index of E. de Martonne (I)

The aridity indexintroduced by délartonne is one of the indices th&t used fordetermination of
irrigation demand22,23. Its monthly values are described by the following equation:

_12R
' 7T 10 (4)

where, P; is the monthly precipitation amount(mm) and Ti (G3 the respective mean monthly
air-temperature. The purpose of this index is to identify the months for which irrigation is necessary,
which in turn depends both on rainfall and ambient temperature. Thus, irrigation according to this
index becomes necessary when 20.

3.4. The Peroat of Normal (PN)

Thepercent of normak one of the simplest measurements of precipitation for a location. Analyses
using the percent of normate very effective when used for a single region or a single season. Percent
of normalis also easilynisunderstood and gives different indications of conditions, depending on the
location and season. It is calculated by dividing actual precipitaBnbf normal precipitation
(P)8 typically considered to be a 3@ar mead and multigying by 100%.

PN = 0 (5)

T
g

3.5. DataProcessing

As mentionedpreviously each of the drought indices has its own strengihd weakness
Concerning these strengtand weaknesses and considetimglack of available input data iman the
SPI has been selected as a reference meteorological (stabaseal) index with a suitable
performance to detect and to measure drought conditions in many studies. Therefore, in this chapter
five meteorological drought indices including percehnormal (PN), Chin& index (CZI), modified
CZI (MCZI), Z-Score (Z) andhe aridity index of E. de Martonne (l) are compared with the SPI for
assessing spatie@mporal dynamics of droughts in Iran. Because of the recommendation thia¢ for
calculationof the SPI index a minimum of a 30 year precipitation record should be used (this is the
condition for the given SPI drought index classes and for intercomparability between different climatic
sites), only 40 weather stations over Iran could be used.u&atify the comparison results, the
Pearsofs correlation coefficientg-value of regression line for the SRérsusthe CZI, the SPVersus
the MCZI, the SPVersusthe ZScore, the SRlersusthe PN and the SRikersusthe |, were computed
for selected stations. To inspect the relationships between the six indices in different climatic regions,
r-valueswere computed in three formats: monthly, seasonal and annual, respectively. Further the
indices with the best performaces over six climatic regions are identifieals baeng suitable for
monitoring of regional drought (e,cas an alternative to SPI at sites with only short term weather
records or where high quality long term precipitation records without gaps are riablayai
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4. Results and Discussion
4.1. TemporaRAnalysisof Drought Indices
4.1.1. Results d¥onthly Analysis

Linear regressions between the monthly values of the SPI-&uwbi&, CZI, MCZI, PN and | from
1950 to 2005 indicate that the SPI an&&bre, CZI, MCZI, PN and I, respectively, in general show a
good relationship for the time scale aie month. Howeverthese relationships depend on thentho
and climatic region (Table)3PN and | show the weakest relationship especially in dry months and for
desert regions. The strongest relationship was found between SPI and MCZI especially in rainy months
in the Coasdl wet regions. For every station the index with the highest correlation to the SPI was
selected as the best drought index and mapped over the whole region. The spatial patterns of these be
indices are shown in Figure$3

Table 3 The best indices acading to region and time scale with the number of included
stations per region in monthly analysis*

Climatic Regions

Coastal Desert  Coastal Wet Desert Semi Desert  Mountain Semi Mountain
MCZI (2/5) MCZI (11/13)
R=100 CZI (7/8) MCZI (3/5) R =86 100 MCZI (3/6)
January CZI (3/3) CZI (2/5) R=99100 R=99100 CZI (1/13) R=9899
R=9899 R=100 MCZI (1/8) CZI (2/5) R=99 CZI (3/6)
Zscore(1/5) R=99 R=19899 Zscore (1/13) R=9899
R=97 R=98
MCZI (3/5) MCZI (10/13)
R =99/ 100 CZI (7/8) CZI (3/5) R=98100 MCZI (3/6)
February CZI (3/3) CZI (1/5) R=99100 R=99100 CZI (1/13) R=96/99
R=99 R=99 MCZI (1/8) MCZI (2/5) R=99 CZI (3/6)
Zscore(1/5) R=99 R=97199 Zscore (1/13) R=98100
R=95 R=95
MCZI (3/5)
Month R=94i100 CZI (6/8) CZI (3/5) MCZI (11/13) CZI (4/6)
March CzI (3/3) CZI (1/5) R=98100 R=99100 R=95100 R=98100
R=198i99 R=100 MCZI (2/8) MCZI (2/5) CZI (2/13) MCZI (3/6)
Zscore (1/5) R=9899 R=9899 R=9599 R=9899
R=95
MCZI (3/5) CZI (6/8) CZI (3/5) MCZI (12/13) MCZI (4/6)
April CzI (3/3) R=99100 R=97100 R=99100 R=98100 R=9899
R=91/93 Zscore (2/5) MCZI (2/8) MCZI (2/5) Zscore (1/13) CZI (2/6)
R=96/97 R=9899 R=9899 R=96 R=99100
MCZI (2/5) MCZI (10/13)
CzI (2/3) R=99100 CZI (5/8) CZI (3/5) R=91196 MCZI (3/6)
May R =99 100 CZI (2/5) R=99100 R=99100 CZI (2/13) R=9499
Zscore (1/3) R=9899 MCZI (3/8) MCZI (2/5) R=99100 CZI (3/6)
R=196 Zscore (1/5) R=19899 R=19899 Zscore (1/13) R=97199

R=97 R=198
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Climatic Regions

Coastal Desert  Coastal Wet  Desert Semi Desert  Mountain Semi Mountain
CZI (5/8) CZI (2/5)
) ) MCZI (12/13)
MCZI (4/5) R=99100 R=99100 R= 06100 MCZI (3/6)
CZI (3/3) R=9599 MCZI (2/8) MCZI (2/5) - R=98100
June ) ) ) CZI (1/13)
R=99100 CZI (1/5) R=98100 R=9899 R= 99 CZI (3/6)
R=098 Zscore (1/8)  Zscore (1/5) - R=99100
R=99 R=99
CZI (4/8) MCZI (9/13)
CzZI (2/3) MCZI (3/5) R=99100 CZI (3/5) R=198100 MCZI (3/6)
2l R =98/ 100 R=94/99 MCZI (3/8) R=99100 CZI (2/13) R=96/98
u
y Zscore (1/3) CZI (2/5) R=97100 MCZI (2/5) R=19899 CZI (3/6)
R=100 R=9598 Zscore (1/8) R=99100 Zscore (2/13) R=9899
R=99 R=9597
Zscore( 4/8) MCZI (10/13)
CzZI (2/3) MCZI (3/5) R=94/100 MCZI (3/5) R=92100 MCZI (3/6)
AUQUSE R=9899 R=19499 CZI (3/8) R=99100 CZI (2/13) R=97100
g MCZI (1/3) CZI (2/5) R=99100 CzI (2/5) R=95100 CZI (3/6)
R=99 R=9899 MCZI (1/8) R=99100 Zscore (1/13) R=98100
R=199 R=96
Month CZI (3/8) CzI (2/5) MCZI (7/13) MCZI (2/6)
on
MCZI (3/5) R=98100 R=99100 R=97100 R=9899
September CZI (3/3) R=196/100 MCZI (3/8) MCZI (2/5) CZl (5/13) CZI (2/6)
P R=100 CZI (2/5) R=198100 R=98100 R=199100 R=97100
R=97199 Zscore (2/8) Zscore (1/5)  Zscore (1/13)  Zscore (2/6)
R=99100 R=199 R=199 R=98100
CzZI (2/3) MCZI (3/5) CZI (5/8) CZI (3/5) MCZI (12/13)  MCZI (3/6)
Octob R=9899 R=9899 R=99100 R=9899 R=97100 R=9799
ctober
MCZI (1/3) Zscore (2/5)  MCZI (3/8) MCZI (2/5) CZI (1/13) CZI (3/6)
R=99 R=9598 R=99100 R=98i 99 R=95 R=99100
MCZI (4/5) CZI (6/8) CZI (3/5) MCZI (3/6)
) ) ) MC2ZI (13/13) )
CzZI (3/3) R=99100 R=198100 R=99100 ) R=99100
November ) R=97100
R=9697 Zscore (1/5)  MCZI (2/8) MCZI (2/5) CZI (3/6)
R=97 R=9899 R=97199 R=9899
MCZI (2/5)
R=100 CZI (6/8) MCZI (3/5) MCZI (3/6)
i ) MCZI (13/13) )
CZI (3/3) CZI (2/5) R=97100 R=99100 ) R=97199
December ) R=96/100
R=92/94 R=100 MCZI (2/8) MZI (2/5) CZI (3/6)
Zscore (1/5) R=99100 R=99100 R=96/100
R=97

*Every cell contains drought indices which have the best correlation with the SPI index and Numbers in
margins (X/Y) shows the number of stations where the index performed best (X) out of timerdter of
stationsper region (Y). R shows the rangetbé Pearsdis correlation coefficientsf the regression line for

every index
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Figure 3. Spatial distribution of monthly drought indices with the best correlation to
standardized precipitation indéRPI)for January, February, March and April.

Legend
March

Drought Indices  Coastal Desert

. c2l
- uczi

2 Zscore

v
o

T
v

Climatic Regions.

| S
Desert

[ mountains
Semi Deset

‘Semi Mountains 5 1,000

Figure 4. Spatial distribution of monthly drought indices with the best correlation to
standardized precipitation index (SR} May, June, July and August.
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Figure 4. Cont.
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Figure 5. Spatial distribution of monthly drought indices with the best correlation to
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As shown in Figuresi®, in Coastal wet, Mountains and Semi Mountain regions the strbnges
relationship was calculated between SPI and MCZI and in every month of the year. There is a similar
spatial pattern of the MCZI in Coastal wet, Mountain and Semi Mountain regions. The CZI best
performed in Coastal Desert, Desert and Semi Desert regipasially during dry months (May, June,

July and August). However, the best performance of CZI is also obvious in some northern parts of Iran
that include some parts of Coastal wet and Semi Mountain climatic regions.ifReteEquatiors (1)
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to (3), the median of precipitation (Med) is used instead of the mean of precipitation in the calculation
of the CZI {.e., Med is substituted forxf in Equationg2) and(3)). This method was introduced in an
attempt to reduce the differences between the Seltlea MCZI. Obviously, this modificatioalso
improved the result in our study [5]. In that research it was concluded that the differences between
these two indices did not decline as significantly as they did between the SPI and the CZI.

The ZScore perfaned well only in some parts of the driest regions of Iran that belong to Desert
and Semi Desert regions where no rainfall or the lowest amount of rainfall months (June, July and
August) occurred. In conclusion it can be argued that the MCZI has theest@agrelation with SPI
under wet conditions but invefgein dry conditions. The CZI and-3core show the strongest
relationship with SPI in dry environments and the other indices (PN and I) do not have strong
correlatiors with SPI.

4.1.2. Results dbeaonal Analysis

The linear regressions between the seasonal values of the SPI and Z, CZI, MCZI, PN and | from
1950 to 2005 indicate that the SPI and Z, CZI, MCZI, PN and | in general show a good relationship for
the time scales dhreemonths, but less smficant than for theonemonth time scale and depending
on the seson and climatic region (Table).4In addition, here, the PN and | show the weakest
correlation and SPI and MCZI perform best especially in rainy seasons and in Mountain and Semi

Mountain egions.

Table 4. The best indices according to region and time scale with the number of included
stations per region in seasonal and annual analysis

Climatic Regions

Coastal Desert  Coastal Wet  Desert Semi Desert  Mountain Semi Mountain
CZI (4/8) CZI (2/5) Zscore (9/13) CZI (4/6)
CZI (3/5) R=5878 R=7786 R=7782 R=15788
Sori CZI (3/3) R=5263 MCZI (2/8) Zscore (2/5) MCZI (2/13) MCZI (1/6)
rin
pring R=43/53 Zscore (2/5) R=6373 R=7781 R=5073 R=75
R=6475 Zscore (2/8) MCZI (1/5) CZI (2/13) Zscore ( 1/5)
R=7375 R=83 R=7480 R=40
MCZI (6/13)
MCZI (2/5) CZI (2/5) )
) CZI (4/8) ) R=4589 MCZI (3/6)
CZI (2/3) R=5267 R=6777
Season ) R=767 90 CZI (3/13) R=67 84
R=86198 CZI (2/5) Zscore (2/5) )
Summer ) MCZI (3/8) ] R=43 65 CZI (2/6)
MCZI (1/3) R=5055 R=5878
R=51176 Zscore (2/13) R=8894
R=85 Zscore (1/5) MCZI (1/5) ]
N/A (1/8) R= 4452 N/A 81/6)
R=56 R=52
N/A (2/13)
cz1 213) Zscore (4/5) CZI (6/8) MCZI (3/5) MCZI (8/13) MCZI (3/6)
R=6987 R=6773 R=7583 R=6384 R=7982
Fall R=7783
NJA (1/3) CZI (1/5) MCZI (2/8) CZI (2/5) Zscore (5/13) CZI (3/6)
R=75 R=6875 R=7083 R=7586 R=6284
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Table 4.Cont
Climatic Regions
Coastal Desert  Coastal Wet  Desert Semi Desert  Mountain SemiMountain
CZI (3/8)
) CzI (2/5) MCZI (10/13)
MCZI (1/5) R=6278 ) MCZI (3/6)
R=6268 R=61-78
Season Zscore (2/3) R=284 MCZI (1/8) R=5371
i ] MCZI (2/5) CZI (2/13)
Winter R=6383 Zscore (2/5) R=159 ) ) Zscore (2/6)
R= 6468 R=7583
N/A (1/3) R=1547i 64 Zscore( 1/8) R= 6567
Zscore (1/5)  Zscore (1/13)
N/A ( 2/5) R=284 N/A (1/6)
R=72 R=60
N/A (3/8)
MCZI (3/3) Zscore (5/5)  Zscore (8/8)  Zscore (5/5) Zscore (13/13)  Zscore (2/6)
Annual  Annual . ! ) i ) !
R=91196 R=97 100 R=9799 R=97100 R=95100 R=97199

*Every cell contains drought indices which have the best correlation with the SPI index and Numbers in margins
(X1Y) shows the number of stations where the index performed best (X) out of the total number of stations per
region (Y). R shows the rangé the Pearsds correlation coefficients dheregression line for every index.

Figure 6. Spatial distribution of seasonal drought indices with the best correlation to SPI
for spring, summerutumnand winter seasons.

Legend

Spring Climatic Regions
rought Indices

As shown in Figure 6, there is mmminating spatial distribution pattern of drought indices that
have the best correlation with SPI as was shown in the monthly analysis. However, in general the
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MCZI has the best correlation with SPI in Mountains and Semi Mountain regions and party in th
Costal wet region. In the other parts of Iran the highest correlation was calculated between SPI and
CZI including Desert, Semi Desert and Costal desert reginorsome exceptions the-Zcore index
performed best, for example the spring and summer asons inthe northern parts of Iran that are
covered bythe high Albourz mountain chain and in partsté south eastern regions thare covered

by Desert and Semi Desert regions. In Table 4 the best indices according to region and time scale witt
the nunber of included stations are shown.

4.1.3. Results oAnnual Analysis

The linear regressions between the annual values of the SPI and Z, CZI, MCZI, PN and | from 1950
to 2005 were calculated (Tablg Zhere is a big difference between the pattern of spatial distribution
of the best performing indices with SPI and other patternswvikas obtained in the monthly and
seasonal analyses (Figure @n the annual time scale, thes€ore has the strongesirrelation with
SPI at almost all ofhe selected stations located in a variety of climatic regions from Coastal wet to
Desert regions excepor some parts foCoastal desert region (Tablg. Additionally, in this stage
there was no strong correlationtlween CZI, PN and | with SPI even in dry climatic regions.

Figure 7. Spatial distribution of annual drought indices with the best correlation to SPI.

4.2. SpatialAnalysisof Droughts Indices

According to the recorded rainfall data by the Iranian Emergency Agency, the year of 1999 was one
of the driest years in Iran. Therefore, all indices were calculated for the ériddioberl998 to



