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1- Reconnaissance Drought Index
2- Standardized Precipitation Index
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Table 1. Geographical locations and climatic characterestics of the studied areas.
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Figure 1.Geographical locations of the studied area in Iran.
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Table 2. Classification of drought conditions according to RDI indices.

el e sl MK clib
Index value Symbol Drought classes
Las s Jl s
2.00 or more EW 25 Dl Jl 5
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Severely Drought
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-2.00 or less ED

Extremely Droughty
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2- Duration length

3- Drought severity
4- Drought magnitude
5- Drought interval

6- Drought number
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1- Run Theory
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Figure 2. Description of drought characterizationby using Run theory with truncation level of X,.

osls &S ol ol ams = e Ogesl Sls bl
S L Carer 5 5l Jiee Balad (gladises
Laesls wlds 5 dies OLSG bl 5 s
AL S S son SIL L g O g0
VO T S o) RRYCIUV PN SRV P
Ll 53) Dles 53 53 bl SO sl SSle g lie
Jos (sline Jsb Lo oobel pss 55 L oans 5o
Sless 53 5l bl SO S e Ll e 5 el e
s e O3l bl s e S aglia |
ooVl ulde 5y JLSCast slaas anglie 5550 50
Ol oo s Ak e A0l s and b sl e
dog 53 JLSix IS slaw) sde s L o5
2 Py s amlis KK Lkl (e e 5 J
alale 5 Las sla wliae js JLSis slaas 5 ) 50
A s b JLSes g sl aSepl 4 a0 L
L Ol ol S 13 ) 2ose ole b oot
el 1) LSSl aslie s =0y O g3l 1 sl
le.a)\}é\mj el b3l sy Sliwls ks

RGN WA Cbu\ R B Excel]

A

Sl ) ISt Sl past ey Al e
o bl ens3 JS ok 3 (A G0 ladal,
Jsl ae) caas 53 a4 sobel oyss IS WSOT s
3 A e (VA=Y ) s a0 5 14011 4A
3550 000 e b dsl aas 0 JLSis Dls sast
di & g L Ol oedle iS5 Al
Jlsis Lasls olie b ge oS
(Dl =By S palS Lpesl ml el
S8 eus) Jol hee s JLSis Slssar
350 (CaSd 5l da 0550) e300 Ao b (Cuss
R
oSle els JLSis s sas 1g,bel 5ILT
x5 ol (Son s sl gle el
p53 e b ol ae” s JLSix g5 olais
o 53 s e Osa31 3l eslinad L "l e
O35 (Solus Qyﬂ NGIW RS WP U] PP WERTR Y
Dol 3 eslinal L Ol g e |y Comer 53 sl Sils
Dposl ol slags s oS sl el pns -
2 "l 035 solee 5 H" o) pon
Al o " Sl 055 gslawl 55 HY" Ll



‘j)&oﬁ: 9 LS"“'L‘”“’ Ju.éﬂ,y.‘

S SSes Sobsa (7 Jsdr) wsl e
SlSis ol Sloy (6w SKeal by eSS
J.<.1: Ol 4.l o3lias BBl gsbel 055 wle s
I T
03 3l e ol wle s Il Ll
CeS al O 5 kil Sl sl Olgial sla e
olles s laes 5> 5 VA Jl 5l S
GLET VAL Jlo 5l dey Sl ol dgie s Oltal;

(V d).,\}) Sl 0slidl

Cou g W

Sllis Cansy ds Ol S 480k

5 RDD Jlses plabs el ol
aw 53 (Yer e JIa0)) Wl e gl o Jb
ol s e wlale 5 Jad Ve ulie
s S 3> B el =558 pdS 0 ge5]
wa 3 RDD Jlses plibs jasle sl
S cnSs dbi) cwss e eelSa]
S bl OT 5l 13 55 RDD) poslie s s
Lol 1y oKaal 5t Jle OF 51 ame Sles

CJ}LLZA L(\c\/\\) LSJLJ 092 (ajb AM @j‘:’ dl.w

S b 53 B g sl — 5 S 5alS 0 ga5T bl p RDI pslis Gl (5 53 (SRedl 5 a0 5t 85 b Y J gl

NAON-YeNr gylel oy3 b )y p 5590

Table 3. Cut point time according to Kolmogorov-Smirnov test for RDI time series values in the studied area

over the period 1951-2010.
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Table 4. The average values of droughts characteristic in two halves periods (30yr) and, results of

Mann-Whitney test for the studied areas.
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Ao Oldal; Ll > e 2o Pt S il jg S 3;) &E
Mashhad  Zahedan Khorambad Tehran  Tabriz ~ Babolsar Ahvaz Esfahan } Characteristics 3:3 é
=
1.33 1 1 1.2 1 1.25 2 2 1 (UJJ
1.2 14 14 1 1.33 1.20 1 1.33 2 Duration
2.12 -1.35 -1.45 -2.10%* -1.69 -1.56 -3.28 -3.23 1 ol
-1.77 -2.54 -1.83 -1.31 2.19 -1.97 2.18 -1.89 2 Severity
-1.64 -1.35 -1.45 -1.82% -1.69 -1.24 -1.73 -1.56 1 Sor 73‘ Té
-1.43 -1.42 -1.37 -1.31 -1.50 -1.70 2.18 -1.51 2 Magnitude ? é
6.5 6.75 5 4 14.5* 5 5 44 1 dols
4.8 2.20 4.6 6.75 2.6 4.8 6.5 6.5 2 Interval
3 3 5 5 2 4 3 4 1 sldas
5 5 5 3 5 5 3 3 2 Number
1.21 1 1.2 1.3 1.57 1.16 1 1.07 1 (UJJ
1.46 1.22 1.2 1.13 1.38 1.28 1.22 1 2 Duration
-1.65 -1.41%* -1.92 -1.89 -2.83 -1.91 -1.28 -1.60 1 S
-2.39 -2.33 -1.75 -1.92 -2.43 -2.47 -1.61 -1.69 2 Severity _
-1.39 -1.41%* -1.60 -1.47 -1.98 -1.69 -1.28 -1.55 1 Sox 33 g
-1.52 -1.92 -1.51 -1.68 -1.82 -1.91 -1.25 -1.69 2 Magnitude §
4.89 16.28* 9.81 4.55 14.83 8.15 12.14* 6.5 1 dols
6.21 5.5 5.10 6.86 5.92 7.28 5.05 6.11 2 Interval
22 6* 10 20 15 12 8%* 14 1 Sldas
10 17 18 15 7 14 18 16 2 Number
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-2.13% -1.64 -2.01 2.13 -1.80%* -1.98 -1.87 -1.78 1 ol
-1.74 -1.96 -1.79 -2.00 227 -2.36 -1.90 -1.99 2 Severity .
-1.53% -1.52 -1.73 -1.65 -1.45% -1.94 -1.54 -1.56 1 Sop é E‘E
-1.46 -1.50 -1.61 -1.55 -1.92 -1.86 -1.62 -1.53 2 Magnitude ? 20
7.02 9.22 7.9 5.92 7.2 8 6.06 7.33 1 dols
6.77 8.21 8.63 7.33 6.4 6.86 8.65 6.40 2 Interval
43 27 39 49 41 39 52 42 1 sldas
46 38 35 42 48 44 36 46 2 Number
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Table 5. The average values of droughts characteristic in two different periods and results of Mann-Whitney

test for the studied areas.
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Mashhad  Zahedan = Khorambad  Tehran  Tabriz ~ Babolsar =~ Ahvaz  Esfehan % Characteristics 3:3 g
=
1.3 1 1 1.2 1 1.25 2 2 1 (UJJ
1.2 1.40 1.40 1 1.33 1.20 1 1.33 2 Duration
2,12 -1.35 -1.45 -2.10% -2.37 -1.56 -2.18 -3.23 1 Sk
-1.77 -2.54 -1.83 -1.31 -2.02 -1.97 2.18 -1.89 2 Severity
-1.64 -1.35 -1.45 -1.82% -1.61 -1.24 -1.73 -1.56 1 Sor 73‘ Té
-1.43 -1.42 -1.37 -1.31 -1.54 -1.70 -2.18 -1.51 2 Magnitude * 2
7.75 7 6.4 3.4 18.5% 4.20 5 3.20 1 AWAH
3.8 4.20 3.20 8.5 2.6 5.60 6.5 8 2 Interval
4 3 5 5 4 3 4 1 sl
5 5 5 3 5 3 3 2 Number
1.18 1 1.16 1.31 1.5 1.20 1 1.09 1 plas
1.6 1.23 1.25 1.15 1.42 1.25 1.21 1 2 Duration
-1.61 -1.58%* -1.77 -1.95 -2.96 -2.04 -1.29 -1.63 1 Sk
-2.61 -2.32 -1.84 -1.86 -2.22 -2.32 -1.59 -1.65 2 Severity
-1.38 -1.58 -1.50 -1.51 -1.94* -1.78 -1.29 -1.53 1 S . Té
-1.57 -1.88 -1.57 -1.61 -1.81 -1.83 -1.25 -1.65 2 Magnitude jﬁ §
4.86 16.71* 10.30* 4.53 11.66 8.36 9.16 6.38 1 AWAH
6.18 5.64 4.17 6.63 6.1 7.25 6.44 6.25 2 Interval
22 7* 12* 16 10 10 7 11 1 slias
10 17 16 19 12 16 19 19 2 Number
1.34* 1.10 1.10 1.31 1.24 1.02* 1.19 1.23 1 (UJJ
1.1 1.24 1.16 1.26 1.15 1.25 1.20 1.23 2 Duration
-2.09* -1.68 -1.91 -2.19 -1.91 -1.95 -1.8 -1.74 1 Sk
-1.74 -1.94 -1.89 -1.97 225 -2.35 -1.97 2 2 Severity
-1.48 -1.52 -1.68 -1.68 -1.58%* -1.90 -1.50 -1.49 1 S g T:;
-1.50 -1.51 -1.67 -1.54 -1.88 -1.89 -1.64 -1.58 2 Magnitude ? 20
7.20 9.51 8.36 5.28% 7.07 1.41 5.35% 6.72 1 ol
6.51 8.16 8.06 7.64 5.77 7.38 8.86 6.92 2 Interval
49 28 46 41 52 35 44% 37 1 sl
40 37 30 50 37 48 44 51 2 Number
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Table 6. The frequency of droughts for each droughts classes in annual and seasonal scales for two halves.
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Table 7. The frequency of droughts for each drought classes in annual and seasonal scale in two different periods.
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Table 8. The frequency of droughts for each drought classes in monthly scales in two halves periods for the
studied areas.
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Table 9. The frequency of droughts for each drought classes in monthly scales in two different periods for the
studied areas.
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Abstract

Background and Objectives: Drought is a climatic phenomenon that occurs worldwide and in all climatic
zones.Drought has three characteristics of duration, severity and magnitude. In order to quantify drought,
drought indices are used.Reconnaissance Drought Index (RDI) is a indicator for drought. Climate change
and subsequent changes in the characteristics of the phenomenon of drought and its impact on terrestrial
ecosystems caused concern among researchers in human societies. Studies of drought have started in the last
decade seriously and in most cases had been applied to monitor and characterize drought. While, rarely were
evaluated effects of climate change on future drought. Due to these reasons, although drought occurred in all
climate zones, but its features may vary by region. Characteristic’s drought may changes at time during due
to word warming (Climate change). Therefore, propose of this study is investigating drought characteristics
(including: severity, intensity, magnitude, time interval and frequency of drought) and their statistical
Characteristics based on RDI in 8 synoptic station at time period of 60 years.

Materials and Methods: In order to monitor droughts for 8 selected synoptic stations of Esfehan, Ahwaz,
Babolsar, Tabriz, Tehran, Khoramabad, Zahedan and Mashhad from different weather's conditions, Run
Theory is a common method in analysis of drought. In addition to the three above characteristics of drought
(severity, intensity, magnitude), in this study, other features of droughts include time interval and number of
droughts is introduced and studied. While at the same time of drought monitoring, drought characteristics
and possible changes in these properties during the studied period, were investigated. For this purpose, first,
the values of Reconnaissance Drought Index (RDI) for the entire period of 1951 to 2010 in three scales of
annual, seasonal and monthly were calculated. Drought characteristics include severity, intensity,
magnitude, time interval and frequency for the "first half and the second half" was compared together using
the Mann-Whitney test at 95% level. Cut point (the year that drought index values have the most
heterogeneous before and after the year) was determined by Kolmogorov-Smirnov test. Accordingly, the
whole period of 60 years was divided into two periods (the period before the cut point and the period after it)
and characterization of drought in these two periods were compared with each other.

Results: Based on the results, in all stations, cut point year in the period of 60 years is different from the
middle year (1981).0On an annual scale, in any of the studied stations, the characteristics of duration and
drought number had no significant difference at 95%. Other features of drought in annual scale have
significant differences only in Tabriz and Tehran. In the seasonal scale by comparing the two periods of
1951-1980 (first half) with 1981-2010 (second half) in the city of Zahedan, in the second half period,
theseverity, magnitude and frequency of drought were increased while, the interval time between the
droughts was reduced. Other regions show no significant change in the properties of drought. At the
seasonal scale, in general it can be concluded that in spring droughts are more severe comparing with the
first period. While drought in the winter did not noticeably change in most stations. For monthly scales,
In general, the highest reduction of drought events was happened in November, while in many cities the
number or severity of drought events were increased in May or April in the second half than the first
half. This could indicate reducing of rainfall and increasing of evapotranspiration in the spring months.
Conclusion: In general, time series of drought indices values in all stations have a cut point at 95% level. This
reflects the heterogeneity and changes in drought conditions.In addition, some changes were occurred in the
drought characteristics or in occurrence time in some stations. This changes in drought characteristics is more
pronounced, especially in the spring months. Although these changes were not significant in many cases, at
95% yet. The main reason for this can be seen in relation to the issue of global warming and climate change.

Keywords: Drought frequency, Drought duration, Drought severity, Reconnaissance Drought Index (RDI), Iran
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