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1 Standardized Precipitation Index
4- Rainfall Anomaly Index
7- Deciles Index

5- Z- Score Index

2- Standard Index of Annual Precipitation

3- Percent of Normal
6- China Z Index
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Figure 1. Location of the study area and stations
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Table 1. Specifications of selected rain gauge stations
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Table 2. Different classes of SPI index (14)
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Table 3. Different classes of SIAP index (11)
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Table 4. Different classes of drought intensity based on PN index (22)

PN ua>L13 JERVEAR

Sy o YL aAe

Sy o YL aA.

by Jop VYo B A

s JlocSis oA bV

buwgio JloSis Joyd Ve 00

Ll JleSis Lo OO ¥

LAl (JloSias lop ¥l S

)IJ.O.A 23[ ‘)_Bj dy90 dlags ) (JM )IJ.QA Z* Ui JLl oS (lDW) Wuu&&‘:jg&g)b 035)

alols thy; i 550 Al ) Alols 4y (glala )5 oanlis
2581 S pesd dype dai U ool cdalde abd
Al o dlads yjg P 5 0AlS Jsda

ady) 3,8es ol (a3l b g3 IDW (bg) )3 (pimen
A ol (ME) s ,S5ke o(RMSE) It ,S5ke
dolre (0) dasly 58 Sk @pe i S ke
oMo 5 od (dw i Hlde po OS] Jlude &S 00,5 o
(VY) a0 plis 1) Slaalie

n . )
RMSE = N-'Z{{Xﬂ -5y ©

o35 &S sl (A Obiygyd slaghy, IS

w55 y90 Ak 4 S5 bl (59 g polie wluly
alols wluly s 23059 by (ol 20 2pS 0 Ojge
& ) ok g Sy S 090 dals g b
S 0ype dad duwbre 0 (b i F S0P bW
arsloeo ()l 1 gy cnl 53 250 M udly sl

2 [Zif;{h[j + s}'ﬂ] " bw(i;

%[ o7


http://dx.doi.org/10.52547/jwmr.13.26.146
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.14.2
https://jwmr.sanru.ac.ir/article-1-1190-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.22516174.1401.13.26.14.2 ]

[ DOI: 10.52547/jwmr.13.26.146 |

G i) g 3aslB 03 pemd Lo ydemns o Sligs dazxe wome (JLS jlae

Vo PN 5 SIAP SPI (sla asls jl oslizul b Sbly Kis 3blie 3 wlidlon JLSis (il 5 siuage

Cuol oloygdS s34 0)b 8 Sis doss 9 Sis anl
arlge JwSis snn b oyl 9 ol gl 2408 o
Sz allon (sl o, ] (S gyl {Y+) Adlsn
oslis lacuds a5 Ghl ol w5 Sl
GBS opl pd b e JSis gla jadls solanwl b
2 ohely cds JS Gl (b a9 aeS” (o) p Gl
o] 8 yze olKitus| gy il adlllas 390 & lel 0y9d Jsbo
oo VONA (55l jlade oy yieS oS oy olid pols A
sagke YA )k oy 9 Voo Jlo & bgipe
Olpass Jhaed (V) U adl o VA0 Jls 4 boiye
ol (YVF=YAAY) adllas 5y50 0)90 b o 1) Syl
Jbo & Jlo Ol cups dnabre b (pizmen 23
Gy e (5205 (VPN ()l Lol 095 Jobo
B> 45 0D aseie YoMA Jlaie o iy 9 MIV &l is
sl Dl)o.lb M d).i-b).au}.i L 9 r,hmb L;AJ)L. dl)l.\ O]J.ml)‘
dibio 0 JwSis 48y Jin! sdimsjlis el opl oS

Adb e

Jf Sl :N9 039 g[é?).) JA.A Ja.wy ;Atxﬁyo uLAm dl)g
o] Slia i

IR Gomi 3y90 1y (29> S o Bl e (0L
(¥V) 33250 dymlo () sy ) 203,

ME = N-‘-Z(xr, - X)) *)
e 003 dygly e Ky ] (2wl lacasdse
J{ iy 2N5 039 ;.)l.;d?).) JJ.A Ja.wy u.u.‘!yo uLon LS‘)-!
P ol S5 e (YL oo s 4 Ll Slialie
9 P e b oS g ol Baa Bl 53 b (6ol (ke
el sy 3 yglyy oy JWd Slaghais ol

Colune g (oobaidl (elain] drwgi > g i O
2 ol S8 s 4 oS Lo yauiS (gl 0fig 4 d)l> pose

250
é 200
kN
3, 150
K
o 100
<
[%2]
ay
z 50
o
0
> < o —2> 3+ 9+ a e > < o —2> 3+ - AR ><La >3 > g
< < <9 o o o o o o T T T L i
(Jlo) o

(Vo V5=VAAY) dalllas 5590 090 (o jo ylaly cuds (Sl &l s jlages =Y S5
Figure 2. Graph of rainfall changes in Zahedan plain during the study period (\AAY-Y-\#)

5 SIAP SPI s ls JlsSis clib g jlads () Joio
SPI ayles (wlwly &8ss o lis laaly cudd (ol PN
SIAP b (Jloy Lol (oylel 0y93 Jobo 5l Jlo Y¥ b
F L olaly cwss PN ale g 9 Jbyg byls Jlo YO
Gigns s §) Jlo & 5 Jlog Jlo 1Y (s Jlo
) Gl 0353 513y65 53

do gy JSas abl s (¥) IS 0 uoen
SIAP —\ SPI a3ls (gly &S Cunl odd (yon adli
bl o Ar PN g —+/Y0

9 el 3 Jlusis bale 655,50
(Yo YT1AY) Cso wily s Jlusiis ol

Gl dw o 3l old S @l & Jod o ¥ S
Aol e &)y (PN 4 SIAP SPI)

orvuas (PN o SIAP SPI) wles aw o ololy
b ohaly culin o diwgy g8 wlidley  JlecSis
L)’l )l &_gq » ).:bLo.n oS Cal 0dg YooV Jl.w L Joy).o
5 WV V¥ Cpa Yeof Jle gy basls
A5l e YO/NY


http://dx.doi.org/10.52547/jwmr.13.26.146
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.14.2
https://jwmr.sanru.ac.ir/article-1-1190-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.22516174.1401.13.26.14.2 ]

[ DOI: 10.52547/jwmr.13.26.146 |

Al

G 1hp) g gianld 03am3 Lo phecme ¢ Sliag deee eSS jlie

VN yliane g b IV o)loss /o jaw Jlo 550l 0595 o prde doliimngs

s SPL SIAP -PN
SPI (s €58 adtinfon SIAP Tla €os adif o PN oo Sia adif e
3 250
25
3 , 200
N
3 1:5 5’
'Q) 1 150 3
4 05 |
% 3
= o i00 D
% 05 &
=%
= a s0
=
-2 o

(JL) oles

(VAAY=YV5) (g5lel 093 (o ;> lanl; ceds 3PN g SIAP SPI jasls Jho 4 Jlo @l pois jhages =Y JS0o
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Extended Abstract

Introduction and Obijective: Drought is one of the most destructive weather events that cause
great damage to human societies every year. Therefore, drought indices can indicate the natural
limits of droughts. In this way, they make it possible for us to evaluate at different time and
place scales. In this regard, in the present study, zoning and monitoring of meteorological
drought in arid desert areas using indices (SPI, SIAP and PN) in Zahedan plain were studied.
Material and Methods: In this study, daily rainfall data sets of operating stations in the study
area were collected. Due to the low density of stations and severe limitations of data access in
arid areas, five stations (refinery, FBI, Khinjak train, Pudeh Chah and meteorological
department of Zahedan) were evaluated as suitable during a 30-year joint statistical period
(1987-2016). The selected stations had complete time series and no statistical deficiencies
during the selected statistical period. After ensuring the quality of the data by using
homogeneity, random and discrete tests, the annual SPI, SIAP and PN indices of the annual
time scale were extracted using DIP software and also in order to zoning the evaluated indices
by distance photo interpolation method in the environment. Arc GIS was used.

Results: By calculating the coefficient of variation from year to year during the census period
(1987-2016), the minimum coefficient of variation was 88.7 and the maximum value was 208.8,
it was found that Zahedan plain has irregular rainfall and high variability, which indicates the
Occurrence of drought in the region. Then, by examining the three indices of SPI, SIAP and PN,
it was found that the conditions of Zahedan plain based on SPI indices were 24 normal years,
SIAP 25 normal years and PN 25 years of drought were weak. Also, according to all three
indices, the most severe meteorological drought that occurred in Zahedan plain during 2003 was
related to 2003. The values of each of these indicators for 2003 are -1.49, -1.16 and 25.32,
respectively. According to SPI index, during 24 years of normal statistical period, SIAP index
has 25 years of normal conditions and according to PN index of Zahedan plain with 6 wet years,
12 normal years and 5 years of weak drought. The annual drought threshold for the three indices
is SPI 1-, SIAP -0.25 and PN 80. In addition, monitoring of spatial variations of three indices,
SPI, SIAP and PN, showed that during the statistical period, the northern half of Zahedan plain
was more affected by drought. Based on the meteorological zoning maps of Zahedan plain, it
was determined that based on the SPI index in the years 1999-2005 of the northeastern region,
the SIAP index during the years (1987-1989, 1998-2006) of the northern and northeastern parts
and based on the PN index during In the years 2003-2006, the southern and western parts of
Zahedan plain had more potential in terms of continuity, frequency and severity of
meteorological drought.Overall

Conclusion: Considering that the spatial zoning maps of drought indicate the spatial expansion
and more intensity of critical zones during the 30-year statistical period studied in the present
study, the identification of these vulnerable and endangered areas and The extent of this
phenomenon is also necessary for the implementation of management as well as development,
economic, social, environmental and agricultural planning by the government of men and policy
makers.

Keywords: DIP software, Distance Photo Interpolation Method, Drought index, Drought
Intensity, Variation Coefficient
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