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Evaluation of drought in South Khorasan province (Iran) using
normal precipitation index (PNPI) and standardized method
index (2)
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Abstract
Background and Objective: Drought is among the natural disasters which happens in a long
period of time and intermittently makes problems for human societies and consequently the
economy through negative effects on water resources and agriculture compared to other
natural phenomena. Thus, the basic step in drought studies is to select appropriate indicators
for each area based on severity, duration and magnitude of drought in the study area. The aim
of this study is to select appropriate indicators to classify and determine the degree of severity
of the drought and wet and to identify the drought prone regions in South Khorasan province
for planning and better management of drought. The values of drought severity were
calculated by the desired index for each station using Matlab software. Then, based on the
tables for each index, the drought and wet intensities were determined.
Method: In this study, the situation of drought in South Khorasan province was evaluated using the
drought index, weather percent of normal precipitation (PNPI) and standard methods of index (Z).
Since most stations do not cover the long-term (30 years) statistics of precipitation data, the available
stations with the precipitation data for period of 24 years (2014- 1990) were used.
Findings: PNPI index results showed that among the studied stations, Khor Birjand stations with 5
months, Boshrooyeh, Ghain and Ferdous stations with 4 months and Birjand and Nehbandan stations
with 3 months has the longest wet period. Drought is in the range of moderate drought to moderate
humidity in most stations. The highest Z (wet 1/84) belongs to Nehbandan station in March and most
of the stations experience moderate drought in June, July, August, September and October.
Discussion and Conclusion: The two methods show that the drought is in the range of moderate
drought to moderate humidity in most of the stations. According to the results of hypothesis
evaluation, the drought has been very severe and has led to occurrence of minimum annual
precipitation. In this study, PNPI index was found to be a more appropriate index for the region.

Keywords: Drought intensity, South Khorasan, Percent of Normal Precipitation Index, Z index.

1- Assistant Professor, Faculty of New Sciences and Technologies, University of Tehran, Tehran, Iran.
*(Corresponding Author)
2- MSc in Ecohydrology, Faculty of New Sciences and Technologies, University of Tehran, Tehran, Iran.


mailto:mh.jahangir@ut.ac.ir

OlhSes g Sl

QA olo jud (AT 0 kol can j Lo (55919550 g pale fA

iy 5 ol Lol | (S el (V) 35 s
ol jmamray a5 5 g0 ddlaio gl p 1) Sloebl JB mls ow)y
(A) sl asls

b e g olamdl 1y S50 Lol )bl 5l (S JloSas
Sy o el 89008 (VY NY) Jguamme (538, oy 5l ey
s 0 00) 5oz il s (ol <O
SlwSis ooy Ol s o il o 48,5 &g Olalae
Olo—a Bk oo ddlate angd (sl Slases 2 St S S
YN0 =Y\ 8 slaJlo 4 b o (598 ooladl 558 gl Jloo
Do Vob Slejojln jo (Fas)l poe aanly plingg o
Olrl o (V) wo S Jgame LS Vo v oo ugi iy el

= 5 oyl Sl Jodo L bLS ) o Sldlas 50

l_3 6‘4_&]UQA ] o] L}Q.: LY) u9.|cfc 9 S 6@0)50

sk Joad eend g (G (b Sllug (o) 2 lgie
el 5 a i sy Ly (B oloml, S sy St

s Oblwg 51 Slo zls as ol ploil Sley slas

3308 350 Laolisl dan jo cand 5 s bplg 3k
3 on Sl Ohles 9 G LS Lagi o Koo S
SloSes crnln asls ol Gl slo g, 2U 3
0 Uiyl slal )l JlwSes a3las A (VW) e85 & )50
e g oliile )57 5 1 oyl 5 e Sy g (g0
Lo as ¥l (Fu,b jlae Jolis b 8+ 0,90 S b
Z %o o Jasbiwl Lo T a0 o loual T e 5 oo ys
Sl 5l ol s o s RDE g Z 6 a5 >

2 ol o 420aS g5y Jlu o slaadls 15145

1- Standard Index of Anual Precipition (SIAP)
2- Deciles Index (DI)

3- Percent of Normal Precipitation (PN)

4- Rainfall Anomaly Index (RAI)

5- Standardized Precipitation Index (SPI)

6- China Z Index (CZI)

doddo
5 e Jelse Joleo Gl oo |y (oSt oy g3 Jle
D 5 9 agas (3,5 5 ady; B & gouaie JlSe
Ol |y JlwSias 0,5 i )18 (oo S (5551
LS o5l 4 el (gole b K 0,90 Sy Jslao
Sel90d Sandy ;5 JobsS pae L5 ol andls pglas
~as 1y JlaSias Lagae plulislyn (1) 05,5 ol ailaie
ssban Gl Ol Jsb 5 a5 wipeS s S5 )0 oo lses
Gy gl ssb 4 a5 Coal Gl 5 508 glala>de B
2 OB ) 05dse Ol plBS 950aS 4y i 5 WS 0
g P Ll obal s Gl SiS w68 )
003,5 ()lml 55-aS 50 (JleSi onyy 985 s 0,500
Wisds oo il el a5 s 5 T slaplug (F) ol
5 g Les Glalidliash, ( SWk ol (RS 4 S G
£ ol (A3s 43,859 piud ( S Olime (RlB) b
(F) anb e bl (aLS iy alS 5 Olig—
Sl (25 alox 5l 557 Glatn, 95 5 JleSis
Cudgisme b jo il Lwb glacdlBo b g8 oo a5
ol e Il S Sl e s 1) O abie
il asls oyl pa b slsa 5 o calisee bl jo
g2l SLis an oS s anlllae 550 dilae a0 4S5k
ot ol ad Comd plos 4 sl 505 Gl e
LS Gk 5l san ladle jo (T Sl &S ggmiay ol
5 S5 (0) 3500 2l (simjnj slaosh 5 s
i AS (5 ey w10l las sauyy g0 JluSis
Uil ooy K Jlocsies g ailaie 5y 15 sl S5
3 B9 e ol s Sis Yool 4 dihate ;8 g ol
Sl pSea 9 (St 5l S e JleSas Sl e
G339 zge ez g Lot rlee Lo lus i ge
Griedes )l (F) 098 Sl 5 (ALS sladisS 5l (5 ke
JPEETTRUIIW PLL J L VI (R - E0- TIPS SR S0 IS o I
009 o b e L alie o Jlo i 5 Jlosles

odpziw ddhie S& (Suo )b Kl 5l s> sl i,



¥4

w2 ol y5 bl jo (JlwSis Cundg (w0

aPls &5 Gloy ulie g plaS o )0 osliiul 3590 (sla 9358
ol S ol sl e Sglite 55 wleioe drmloe
S 1) (S S olisS Ll il wilg Wb oollae JloSas
Elysl Ay 13 g asS LoSni e il S Jls o
Sy (S59lg 0 omlidln (s5)9liS la Jlosas
Sl 5 9ils el b SO A sgamme 5 aes e (LA
s S o Gl b s 5l i o 1) JluSias
aglie o8 St Ly gl ye 55> slaadlane IS Ll
39— adlaie gl Sis g 0,5 ol 4 az g L I sl
(i e 5l ol ang, o bl J 7S pas 5 adlllas
S92 g0 Sledlbl (liveyy conlin (madlh Sl )90
L ammlio slm o 0538,5 518 L g bl cpl 5o (Sijb
Jlw i Dud Ol o (et 5 guaib da a2 ls ple
obaly gl Jlosias astse (2l plolits 5 Jloy
(PloSias ane )0 Jun Cupde 5 Sruabn Sz 29
2l OlsSee o pLS )0 ulpby o)l LB IS jenes 5o
L Dah b Sz g Ep ol S (ool sla sl
L g ) ailys) Jawgte &)l a4z p0 (S Cush, c g0l )55
Ot Sl B 5 (b))l 9590 LAt Ll (nes 5l oolil
9ot )L @bl cemzren ol 8 Sl Sis Cunsy
g0 as (Gl 5 Sloj S S samany slaasss
85 byl Sliios o b mtcons olSel cblie ol
Lol walg> dezg die ol o

axdlao 8590 00guaxo (8 yxo

&S wib s geim Gl bl S asdllas 5,50 00900
Ve @ledlnr slogose m yo 9 ol a8 518 lnl 5,0
Sy St Jsb a4z )3 70 OV 5 Jlod (oye a3 T L
Ul 6 olods o 43 g9 b sl Copmazr () JSE) ol 00
ol ale 4l a3gs 5 FEVOYF Tsga Jlo ,01T4-
s Ol el Gl e 4 (o055 5 aldliz (250 00
59 &dly slojl> oz jLad S 5o b o o el ous

Ao o plias |y auad Jlen b asald JLuSis consg g0
23,5 LSy (galh sl 4 yomie WlgS 003 O)l5e e 50
FlwSis alize Gbasle ) p 40 45 AT )0
aS oly lis mlbo ab assley olassle Sl o owliilea
gy LaelSi gl plas 1o laSas 5 Jloy doyo slo_msls
P Learld 4 bay e sl i (pizren 5 W)l (poliee
o (95 o (Share 5 009 Gelaie oo Laolliw! plos
s e 0. (VA) ol eomlin L:a‘_ﬂ O 90 4 90 O je0
IS claasls LLLS 4 (VFAP) suie il
Soi axb,0 ams9> 0 PN 3 SPIZSI DI _ulslsa
(JloSis Caxsy Jodot gz a5 il ly wasloy
ZS| Lo asls § s ol 0 DI g SPI gla asls
ez (V) W)l 8 g 5 090 oSl 53 i i PN
P Sias e sl el jl (B L aS (Aded o
2O sy ) Gl Gley lagliie ;o (oulidlys
orrite PNPI (oL a5 ol ol gl 2,8 slosil ol
DI el gaale YY g VY & ) Sloj wlbe ;o asls
Sl @S Sl g ¥l ulide o (a3l on S
AS g (V) asog anle aw 8,00 S o Z ol
dalio g (a2 0y9 0 (V) LS 5 (7 Lo
B3 Copie o cwlidle JluSis ala ez o
@S 855 plail Gliazsl 5 Glien plwl sla Jlosias
Sty 5 il o oS sl 3 45 ol ol
45 el aily SO (Swen o5 LPNPL o3l
Logasld ;o0 a4 cand 1) aad jlews g 2ol JloSas
Sl gl il sl ST (YR) ol lid g
s A5 ol 4355 &30 JoSKis aslio sasls
ey OV YAR) paciio SLail (IYAY) oLzdliy 5 Lls
gebne 5 Ggr GLB 9 (Y +7) (Lo 5 e VAT)

(YA) silabe= o1 51 (VFAY)
o e oSt il olol 5 e 5o 51 2
WA Gliae ol pelwlp olgn a5 cusl slajasls dilaie

Ao, byl ddhie SO ol J S (S5 g polus




Ol)5en g WSk

QA olo yi (AY o o

o j buxo (5599555 g pole

O

45°0'0"E 50°0°0"E  S5°0'0"E  60°0°0"E  65°0'0"E

35°0'0"N  40°0'0"N 45°0'0"N
f s

30°0'0"N
5

25°0'0"N
f

20°0'0"N
f

T T
60°0'0"E  65°0'0"E

70

T T
45°0'0"E 50°0'0"E 55°0'0"E

el 0

| | g Gt > st 0

T
35°0'0"N

T
25%0'0"N

40°0'0"N

30°0'0"N

20°0'0"N

140

N
w% E

S

58°0'0"E 59°0'0"E 60°0'0"E 61°0'0"E
s ’ |®
13 -~ 1 g
= ; &

4 Y
z \ ) o z
=] LS
2 4
\
z - PR z
24 / B3
& 4 &
a8 a8
R >

=] 4 L2
2 1 2
£ 2 z
3 \ =

58°0'0"E 59°0"0"E 60°0'0"E 61°0'0"E

280 420 560
Km

y9lxo s yliw! g axlllae o g0 adlaio CaxBgo —) IS

Figure 1- The position of the study area and surrounding provinces
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Figure 2-Height values in the study area in South Khorasan
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Table 1- The monthly precipitation status of the considered stations in mm (1990- 2014)
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Table 2-The list of selected stations in the South Khorasan watershed
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Table 3- Mean monthly precipitation for the stations in the 24-year period (mm)
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Table 4- Drought and rain intensity classification based on PNPI (26)
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Table 5-The classification of drought and rain severity degrees
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Table 6- Percentage of normal precipitation index (PNPI) for available stations
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Table 7- Classification for percentage of normal precipitation in available stations
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Table 8. The value of Zscore for existing stations (monthly average long-term scale)
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Table 9. Classification of Zscore for existing stations
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Table 10. The results of the indicator based on the minimum amount of precipitation
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