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Figure (1): The geographical location of the region and selected meteorological stationsin Northwest Iran
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Table (1): Geographical characteristics and annual aver age precipitation and temper ature at stations during 1987-2021
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Figure (2): Spatial variability of the frequency of severity classes of PDI in Northwest Iran
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Figure (3): Annual values of the PDI index in the centers of northwestern Provinces of Iran (Red: drought, Blue: wet)
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Table (5): Thelongest dry and wet periods based on the PDI drought index
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Figure (4): Theannual variability of the SAl+n, and SAlp, indices at Sanandaj and Ur mia Stations

w
g
F
—
=
E

£ ) % %
& & - 2
N = &l %
) 2 2
z %
E %
=
Station z Station Z
Bijar -0.97 Jolfa 1.506
Ardabil -1.09 Sarab -0.440

Piranshahr 1.02 Mianeh -0.597
Saghez 0.75 Maraghe -2.031

Khoy 0.65 Tabriz 1.278
Mahabad -131 Urmia 0.085
Sardasht -0.13 Sannadj -2.316

Mako 1.68 Zanjan 0.526

Takab -1.42  khoramdareh 1.023

Ahar -0.78 Kalkhal -0.087

‘ %,
S s oz % 7
= -] 2 5
£ %3 0%
& 2 «
=
=
B
Station A Station z
Bijar 125 Jolfa 253
Ardabil 5.16 Sarab 152
Piranshahr 240 Mianeh 1.29
Saghez 2.40 Maraghe 5.04
Khoy 253 Tabriz 338
Mahabad 4.26 Urmia 174
Sardasht 4.25 Sannadj 4.49
Mako 342 Zanjan 5.09
Takab 0.91 khoramdareh  4.63

Ahar .72 Kalkhal 5.40

(Jh\.’du Ly, }0)5 “_;‘JJ'J Xy, :\Al.l.f j.l.w 9 S92 ED) :o,;la b}ﬁ 6\#41.30)3A|p, 9SAly duu.aa'u Xy, :(0) JSJ
Figure(5): Trend of SAI'Tm and SAIPr indices (Barsoutside: Increasingtrend, other bars: Decreasing trend; Red color: significant trend)



VP 5l o(Fe 2la) ¥ oo lods (o203190 Jlw «(sbly s sST  owiiieo (a9 solde aloxo Yy

3.00

200 L:‘”‘
#o*ﬂiir1 *HF J}{tﬂlf\f{#d1{fkfl“\‘
ittt

S mE TS DD -

mSPI mSPET mPDI

1987
1988
1989

SPEI SPl JLSis sla yasls Sl Of puis duslie :(F) S5

PDI 4

Figure (6): Comparison of temporal changesin drought indices
of SPI, SPEI, PDI

Yo PDI JLuSix jatls dy) Jodos 5 4 5o
JSE 3 5588 o e s aalllas 3 50 S s oS
il Glmol&il o (ol 5 oS Sl kil (F)
ile 5 (LaslKeanl 710) Wlazisls Js5p sy W 5 500
A4S iy (63 g I gy (LaslKs| 7A0) LaolK |
iles g Jlsline (140) o 3 50 3 S5, L slaolens
3 el Glaalasl 53 JLSast (65 5m0 Ly it
S (ITAY) OLan 5 (6 atin gl b 4 A oalie 2l 0
SSPL JLSis la artls e o Shas disls OLES
2l Cdillas (ol 03 5 48l e oKl 3 RAI
5 ®PDI>D) Jlw g glasl sy S 68 (W) IS
L5144 Slaes 63L L3 s e 0L |, (PDISD) JLSas
Sl s 1 35 g SlmelSil 51N e Ly 40
35 (i (SLmelS] (dm 4 VAAA Sl lazils Jlu 5
Sl 5l 05 eamen Al Sl 5 JLSEt (5 e
S o dlad s Lol 2t asl YV B YNY

g3 3,8 55 bas SPI 5 SPEI JLSis gla ol
S 5 Jl s o 5 gl Sl s Dl
e ls LS iasi ol s el sl aslizad Lis 5o
Slsis 5 s slaslly sy ey sl PDI JLSis
las 5 (Sasob palie b )5iS b Jled slelSansl
55 blms 5 (658 Stewen PDI L2stls Al ) & slie
53 SPEI 5 SPT JL.Siot gloapanli Ly +/30 o
O3l cdbts cdew bl sl azils o p 3550 laelSans!
i DPT ol dilons s S5k 5 Lo Sl
3 SH b LS ol wils SPEI R R A PRIV
Slos Ol aslis fioman 35l Sl (Y4 YY) O Ss
el S Was e 0L (8) IS 3 S gla st ls
L alie |y JuSis 5 Jiw s bl 5 Sl 42l 5 PDI
XS (5,83l SPI 5 SPEI (sla 2xLs

SKis glaasla LPDI Lasls Siwer cu o 1(0) Jyd
SPEI 4 SPI

Table (4): The correlation coefficient of PDI index with SPI and
SPEI drought indices

PDI Al Sl s,

SPEI SPI

—+/aY —+/AD SIENES |
4420 —+/AQ o) ) A
AN -+ /) Ll ¥
Y —v/AY ol s ¥
—+/AY — /48 Sl , 0

Ol 3

—v/AQ —+/AY | o

—+/aY —+ /A HE e v
AN —/AY oS A
- /48 —+JAY Sk 4
—+/q¥ -/ S& Ve
—+/20 —+/AY 4y W
T —v/q) oS Ol ,31 VY
-/ —+/a¥ sblee s Y
— /a8 — /A JUA A
-+ /48 /A4 S Vo
—+/4A —+/q¥ T \F
-/a7 -/A¥ Sl Ol S WV
—+ /A0 -/ S A
VAN BAN o)de o 4
— /v —+/AQ Ol AN




Yy olnl oy Jlb dilio o PDI Jluslis pols Sboj g S0 Judi

Sy a S SOl o (VYY) OLLSan 5 ol 5 Welaasl slad YoYY 5 Y00 Jlo s Ll JLSis
u:.aLJ GL;A slagolowal sosm s Csby Glagg el 740 51 Sn YOIV 5 VeV e (YA 0448 sl adlu ;s
o K byl i ceSl Cel Ol o dled s b j‘_gj.(_:.)@l_ﬁpé.x.}ln;gﬁdb PSS P

Syhig allas g dilae o e s 53 nd andls il (VYY) OLISGs

Station Z Station Z
Bijar 3.38 Jolfa -0.27
Ardabil 3.78 Sarab 1.12
Piranshahr  -0.10 Mianeh 0.88
Saghez 1.60 Maraghe 342
Khoy 0.30 Tabriz -0.01
Mahabad 2.47 Urmia 0.94
Sardasht 1.46 Sannadj 3.38
Mako 0.14 Zanjan 1.73
Takab 1.83 Kkhoramdareh 0.65
Ahar 2.03 Kalkhal 314

Figure (7): Trend type of the PDI drought index in stations (Bars outside: Increasing trend, other bars: Decreasing trend; Red color:
significant trend)
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Figure (8): Percentage of drought and wet events based on the PDI index in the study area

i 5035 TXVAD ol giil g 5 able s it PDI JLSis asls glacanss oy (1) K
S5 (FYIAD) Sl o 3l e Jlo i Lol do s 1 oS sl bl doms o OLES olSal 8
Olo 5 opds = olSS 655 Jiuw s (W) Sbe by Ules S5 w oo 1 (BXD) s o JLSast Lol
055 o)l Slad 53 OVY) (653 Sl Jloo g 5 OVY) Ol o s JLaSis ds s o Sl dld o Jany
el IS 5 (T Jlsds b e JLaSis (JOVY)



VFeY 5l o(Fr al) ¥ oslosds (o203190 Jluw (bl i gST (owiieo (Siidrg 3y cole dlomo Ye
100%
9%0% | B o s
80% | Wl
70% |} Mo J s
., 60% | Bl e Js
j‘ 50% | ol
0% | S S
g
20% i M# e e
LLLLH 11 J ﬂ\ H
0%

3;1 ‘.i ’

al.f:....ﬂ

FES TSI

)

2%3
4-3.3‘0‘);—3

adlae Sy40 ‘.;lAeK:m.l‘ s PDI da.:-u ‘;\L..S.:.:-J u.“-wj CJG-;L Aoy G’J"; :Q) JS&
Figure (9): Percentage distribution of wet and dry classes based on the PDI index at the studied stations
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Extended Abstract

Introduction: Drought stands as an inevitable natural disaster with no means of prevention. Its detrimental impacts
extend across diverse sectors, including water resources, agriculture, and the environment. Drought is typically defined
as a substantial scarcity of natural freshwater resources persisting over an extended period due to shifts in precipitation
and temperature patterns. Consequently, periods marked by below-average rainfall often result in temporary drought,
particularly in arid and semi-arid regions characterized by relatively high temperatures. Globally, drought events are
classified into four categories: meteorological, soil moisture (agricultural), hydrological, and socio-economic. Studying
drought becomes imperative for implementing optimal solutions and strategies to manage water resources and ensure
food security, among other concerns.

Materials and Methods: This research utilizes the Pedj Drought Index (PDI), a unique and potent tool, to delve into
drought analysis. The PDI, grounded in precipitation and temperature data, offers a more accurate and accessible
understanding of drought's spatial and temporal characteristics. Based on yearly averages at stations, this innovative
approach provides a fresh perspective on drought analysis. We gathered and scrutinized annual rainfall and
temperature data from 20 synoptic stations in Northwestern Iran from 1987 to 2021 to conduct this study. The PDI's
accuracy and accessibility make it a reliable choice for drought analysis, providing a comprehensive view of the
situation.

Results: From 1991 to 1995, most of the studied stations experienced wet conditions, while from 2013 to 2017, they
faced a severe drought. The most extended wet period occurred in the south at the Bijar station (9 years), and the most
prolonged drought period happened in the east at the Ardabil station (8 years). The maximum wet period based on the
PDI index (9 years) was observed at the Bijar station, and the most prolonged drought period was at the Ardabil station
(8 years). In the northwest of the country, the average duration of the most extended wet periods is 5.5 years, and the
average duration of the most prolonged drought periods is 7.5 years. Additionally, the central station experienced two
5-year drought periods, and the Tabriz station underwent two 4-year wet periods. Based on the precipitation anomaly
index, 60% of the stations (12 stations) showed a decreasing trend in precipitation anomalies, with the Sanandaj and
Maragheh stations having a significant 95% decrease. In comparison, only 40% (8 stations) exhibited an insignificant
upward trend in precipitation. The temperature anomaly index showed an upward trend in all studied stations, with
only Bijar, Takab, Sarab, and Miandoab stations (highlighted in red) having a significant 95% increase. According to
the drought index PDI, none of the stations experienced extremely dry (ExD) or moderately dry (MiD) conditions. The
highest percentage of severe drought was observed in Zanjan (71.5%), moderate drought in Khalkhal (20%), and mild
drought in Tabriz, Maragheh, and Piranshahr (42.85%). Severe dryness was observed in the Bijar station (42.85%),
moderate dryness in Maku (17%), severe dryness in Takab, Khormabad, and Miandoab (71.5%), and highly severe
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dryness (71.5%) in Ardabil Province. These findings underscore the urgent need for effective drought management and
water resource planning in the northwest region of Iran. These findings underscore the urgent need for effective
drought management and water resources planning in the northwest area of Iran.

Discussion and Conclusion: This study investigated the effects of annual mean precipitation and temperature
changes on drought and long-term dry events using the PDI index in 20 stations in the northwest region of Iran,
spanning five provinces over 35 years (1987-2021). The northwest Iran stations experienced wet periods from 1990 to
1994, dry periods from 1998 to 2001, and from 2013 to 2017. The most extended wet period was approximately 5.5
years, and the longest prolonged drought period was around 7.5 years. On an annual scale, the PDI could describe the
spatiotemporal variations of drought and wetness in the study area to a considerable extent. Despite its simplicity, the
PDI provided highly accurate results compared to common drought indices such as SPI and SPEI, which rely on
statistical assumptions and distribution-related parameters. The stronger correlation of PDI with SPEI, as opposed to
SPI, demonstrates the capability of PDI to explain the effects of precipitation and temperature changes on drought and
wetness in the northwest region of Iran.
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