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Abstract

The monitoring and analyzing of drought conditions is one of
the main requirements for water resources management. In
present paper, Standard Precipitation Index (SPI) and
Standardized Precipitation Evapotranspiration Index (SPEI)
were compared in order to assess the drought conditions in the
Esfarayen-Sabzevar region. As in the aforementioned region
sufficient long-term data is not available to assess the drought,
reanalysis data of ERA-Interim were used to be combined with
the observed data. For this purpose, climatic data of
precipitation and temperature were extracted for each station
in the statistical period of 1979-2016 using the web interfaces,
Python script, ECMWF WebAPI and ArcGIS software. After
correcting the bias of the data based on observational data,
combined data of precipitation and temperature were obtained
for the aforementioned period and used as the basis for
calculating the drought. Finally, drought assessment and
estimating the correlation of SPI and SPEI were conducted for
three stations of Sarcheshme, Ghasemabad, and Jaghtay in the
time scales of 3, 6, 12, 18, and 24 months. After generating
data combination, the Root Mean Square Error (RMSE) and
Bias were decreased from 0.39 and 6.69 to 0.32 and 0.24
respectively. Thus similar approach to data can be used for
drought assessment in areas with lack of observed data. Results
showed that in the short-term scales the frequency of dry and
wet periods is high. By increasing the time scale, the frequency
of the dry and wet period decreases but their duration
increases. In most cases in the stations both indices showed
coordination in the dry and wet periods. Based on the provided
results regarding the correlation between SP1and SPEI indices,
there is a positive and significant correlation between the
above indices and the correlation is higher in the humid
regions. As a result, the SPI index can be used in the regions
with no temperature data with a precession similar to the SPEI
index.
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Fig. 1- Geographical location of the studied region
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Table 1- Characteristics of meteorological stations in Esfarayen-Sabzevar area
g iamw =yl o] dllaie owlindlad (cLolKiug | Oladuivo =Y Joao

. X Y Elevation  The number of years .
Station Name (dggree, (dggree, m) with data Available data
Minute)  Minute)
DoEr?t(zlran 3657 5702 1014 14 1990-1992, 199?032050 126(3)02, 2006-2007,
Dolat Abad 36 57 57 32 1177 18 1988-2016
Sarcheshmeh 3707 57 45 1680 36 1979-2016
Safi Abad 36 41 57 55 1241 10 1987-1991, 1994-1998, 2004, 2006-2016
Ghasem Khan 36 52 5721 1057 14 1987-1988, 1990-1995, 1998-2016
Eslélzir?;en 3713 57 24 1229 16 1979-2005, 2007-2016
Garme Khosh 3708 57 20 1137 12 1987-1988, 1994-2016
Mangli Olia 36 45 57 44 1171 20 1987-2016
Noshirvan 3704 57 36 1405 36 1980-2016
Esfarayen 3702 57 29 1221 8 2007-2014
Jovein 36 38 57 24 1138 30 1979-2016
Joghatay 36 36 57 02 1373 10 1994-2016
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Table 2- Drought classification based on SPI and
SPEI indices (Liu et al., 2014)

(Liuetal., 2014) SPEI

Drought Category SPI/SPEI values

Extremely dry -2.00 and less
Severely dry -1.50t0-1.99
Moderately dry -1.00to -1.49
Near Normal -0.99100.99
Moderately wet 1.00to 1.49
Very wet 1.50t01.99
Extremely wet 2.00 or more
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Table 3- Comparison of accuracy of the Era-Interim and integrated data relative to the station data in each
station of the region

aslaie ol 51 SO 2 > ] 03I 4 Cownd 815 g Era-Interim glaodld 85 duwy o -V Joa

. Era-Interim Data
Stations

combined Data

Monthly Bias RMSE NSE Monthly Bias RMSE NSE
Esfarayen 3.27 7.11 0.79 0.38 0.77 1
Chel Dokhtaran 3.72 7.25 0.81 0.41 0.67 1
Dolat Abad 181 5.93 0.87 0.17 0.37 1
Garme Sorkh 4.39 6.81 0.85 0.26 0.28 1

Ghasem Khan 6.58 8.9 0.71 0.73 0.64 0.99
Kalat -11.62 11.19 0.57 0.12 0.04 1
Mangli Olia 4.13 8.5 0.77 0.34 0.45 1
Noshirvan -0.4 4.78 0.92 0.12 0.13 1
Safi Abad 0.61 3.16 0.95 0.01 0.03 1
Sarcheshmeh -6.96 6.4 0.89 0 0 1
Jovein 1.83 5.24 0.86 0.09 0.19 1
Joghatay 2.74 5 0.82 0.24 0.29 1

Average 0.39 6.69 0.82 0.24 0.32 0.999
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Fig. 2- Diagram of the monthly variations of SPI and SPEI of the Sarcheshme station during the statistical
period and on the time scales of 3 to 24 months
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Table 4- Characteristics of the dry and wet periods based on the SPEI and SPI indices at Sarcheshme
station
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Time scales of SPI

Time scales of SPEI

Features

3 6 12 18 24 3 6 12 18 24
Max of Drought Index -1.20 -153 -207 -175 -18 -134 -158 -155 -156 -1.55
Max of Wet Index 102 141 189 166 188 161 190 197 191 189

Number of Dry years 22 18 19 17 17 20 20 16 16 17

Number of Wet years 15 19 18 20 20 17 17 21 21 20
Number of Dry years (%) 59.46 4865 5135 4595 4595 5405 5405 4324 4324 4595
Number of Wet years (%) 4054 5135 4865 5405 54.05 4595 4595 56.76 56.76 54.05
2012 1982 1982 2013 2013 2006 2006 2006 2006 2006

Max of Drought Duration - - - - - - - - - -

2015 1986 1986 2016 2016 2016 2016 2016 2016 2016

Max of Drought Duration 4 5 5 4 4 11 11 11 11 11

(Number)

Y+ oA Ju SPEI 4 SPI (sl yadli bl y B muold o) 5o
Solel 093 Jlo oy 5 Sis anlo VWY B Y jloj (sla wlibo Hate I
Jlo anle YA loj wlie )3 SPEI [asls .Cuwl ol Cgmono
0l g Jlo op s 1 YN0 Jlo dale V¥ oldoe 3 g Ve +A
Jlo oy Sas 1, Yo ) Jlo canlo V¥ 9 VA Sloj ol ;o SPI
3590y 53 (el Hidy Ly i s Ls 93 b .ol 03,8 34l dilato
Ooszped oyl nl 31008 (Byme (5)lel 0)93 Jlo 2ol se
SPEI [2dls (wla! p JlSiis polas oy iy cdouins o 0lKituas]
Do oo barye YAVE L Y5 o ay Jloj sla wlids dan 3 o
pel LI Yo r ALY +8 Jlo anlo duw wlis (glp SPI jadli oS
0y yYL g dalo & Jloj sboojl 10 5 il 03)S 3y%e dllw dws
dibie JSid oy SYeb dls & 5 ¥ ol L VAAY-VAAS

Gl 005 Cgme

(g sl poliio dan 5 Ly dilate Cgin > sliia olSug)
oanls Wlodlgy YoOF 5 Verh Sl o bl ppSis
sl e anle YF 5 YA OY & & glo wlie Iy SPEI
aibaio gl (0 5Kis [ YN0 5 VoVF XYAF YoeA XN F
Jlo anle ¥ wlids ;3 SPI jadlis oS Jbs jo fcasl 035 (8420
YL g anle VY ulide ;3 5 VoA Jlo anle & wlids )0 NAAY

el 03y (65lel 093 (slaJlo oy ySis |y V¥ Lo

gk ye g Sid slaoygs (Slgls GaeelisS Sloj slagmlids )
g ye 5 St (slmoygd lglyb loj olide yialdl b sl 3L
25133 ol dus 3 oo yinlBl ] gl Lol b oo LtnlS
o3 Al 93y ) Coboye 9 SUid (sloygd > (Sinlen 3)lge
—onhel Jlod (SlungS adlato )3 O doudir pu olhun] 53 95 o0
oolol pr anle 7 91 (Sloj 03l )3 Laoyes (p FSid 315 1,3 lg s
15 el 01 3)5ly 63Mo YooA Jlo SPEI 5 SPI _asls
YE o5l 15 5 VoA Jlo SPEI Lasls anle VA 5 VY iloj cslaojl
hye 5olel 0y93 (slaJlo (5SS ) 3V YN0 Lo anlo
anle V¥ 9 YA loj (slaoysd 10 SPI adls wlol p.cusl 03,8
coteiie 8y sl 93y el iy Lo oy St Voo s
sl Y Jlo o (ygb 4wl Jlo o sogbye 2yl
5 VA o el oo (6l VAT Lo 5 anlo VY b Y clo oo
o8] 3> 13s] Jlasd 45 (5 5le] 09 (sl Sl (32 gl yo cnlo V¥
0a3ls bl ddlaie )3 LSS 0)93 (5 SV sk daiiz
YAS B Yer5 dlu o3l 0)53 sloj (slapolsie dad (5l SPEI
¥ elde sl YoAY-YN0 (slaoygs SPI Lasls .asl e
5 nlo VY 5 5 celaolio (gl VAAY-AAS 0)05 cdnloo
pYeb dale YE 5 VA (slaulde gl |y Yo A=Y+ 15 6,00
5ol 5 SPE daisr oo o) 13 sl 03,5 b yno (St (sl g2

ol oe] Cawds SPL I 5 5Vl JluSiis

IFAY e ) 0 ylows a3,k JUo ¢yl ol o golie oliyliss
Volume 14, No. 5, Winter 2019 (IR-WRR)

Y5



~ |
. T L1l P T | o] |
g ° yl i 4
! 7 ! RE ' ;
o ! ! ' |
T T
1980 1990 2000 2010
~
- \
o
g oo
n
o /
T
1980 1990 2000 2010
N
-
@
g o
-
o
1980 1990 2000 2010
~
-
g
E o
<
. ‘
T T T
1980 1990 2000 2010
gh
™
- N
o u, ™
[N o —
n -
B Y : S—
o
! T
1980 1990 2000 2010
gh
o y
ol 1 h'l,\”lwx \ M pokd M‘J"u “h L‘L bl ‘l | ATy l'
5 + Al AL AR L
‘ l | 14 |
5
1980 199 2000 2010
gh

AR R i A AL RARA A at A
. N '

1980 1090 2000 2010

SPI

ixz
/4

1980 1900 2000 2010

sPI

2 1 0 1 2
I
[

1 U
i
1980 1990 2000 2010
gh
E o M
i
1980 1990 2000 2010

Fig. 3- Diagram of the monthly variations of SPI and SPEI in Ghasem-Khan station during the statistical
period and on the time scales of 3 to 24 months
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Table 5- Characteristics of the dry and wet periods based on the SPEI and SPI indices at Ghasem-Khan
station

OB owld o] ;3 SPI g SPEI sy e li (wlw! 0 rgb po g SWis o0 ,9d s S50 -0 Jouo

Time scales of SPI

Time scales of SPEI

features 3 6 7 18 24 3 6 P 18 24
Max of Drought Index _ -1.03 156 17 171 185 143 163 155 155 145
Max of Wet Index 1.02 1.44 1.92 1.69 1.90 159 181 1.80 1.80 167

Number of Dry years 17 18 18 16 17 21 19 18 18 16

Number of Wet years 20 19 19 21 20 16 18 19 19 21
Number ?D;O?ry Years 4595 4865 4865 4324 4595 5676 5135 4865 4865 4324
Number ‘();)\)N“ Years 5408 51.35 51.35 56.76 54.05 4324 4865 51.35 51.35 56.76
Max of Drought 2006-  1982- 1982  1983-  1983-  2006-  2006-  2006-  2006-  2006-
Duration 2008 1985 1986 1986 1986 2016 2016 2016 2016 2016

Max of Drought 3 4 5 4 4 1 11 1 11 1

Duration (Number)

Eugen g aoMs -F

59948 c(soulBly e o sorldl e pliilgn Cllllas I ()l 53
5 Lo g Uil goals gy ool sloggiuyaaln puien
S 3 Lol yl3y08 o slofog Coonl 5 o (S @jei ohag:
OB O 53 45335 (o0 Cgume (ol ol o et 5l )L
WJuosib gloodly ol S5 30 eulll yolie Koo (SuSly o
281 &S able (olp diws (g5loJde 9 Sbas ooy | Al
olaiwl (gl Jde jI Wl oS WSy oKl 4l b wleols
Sz phmghy nl ) b 4By ol 4 s g, 0 45 350
il glaodls I SPEI 4 SPI celamsls L Jlusiis bj))
5 ook oaly g i eslawl Sbad 9 ERA-INterim oo b
@ )l Jlasl 5 e S48 05 VAYAY NS 6)e3 el Led
oeals ool s U @.,j (stli slaodly and 5 Sbas slaoaly
JS (el RMSE yshatian ausl susy Sy s NSE gy g ly
slazel B g YUy bl ouim ot & sl adly ilS oolSiny]
b oimgh cpl 5o b e JlSiis syl 0 Julodjl slaodls
Slsis o a3l R lle 5 g odel cants slaodly I oslicl
o] (Stan 5 <85 )18 oo 5 2l 3,50 SPEI 5 SPI
9 SPI JLsSis sl jadld (o (Stased (s 00 dnwbre
386 bl ;5 SPI Lasls ) eslizul (g s ylSel L5 o SPEI
b1y SPEI Lasls 5l 03,85 eolisl o)) & a0 g (oled (slaodly
R Ojlie 4 S @Bl (Kot cupd g GG 4 a2y
S adld (3 dre (St 3929 Ojg0 )3 & S (g o0
b g 2l (godls 181 bl o SPI el jl lgi co i o)l
ol (65 (a8L el oplas 5198 solatwl SPEI jaslis c.és
S5k o9Me bod ol 53,8 Llod s 3 SPI 4y Capud SPE

s (Jloy g (JUSiis Canidg gy

9 Jhis Lawgie 45 3905 blusl ol oo odel Cands ol ywlul
4o 1D SPEI gy gl ond dunlre JluSis jadlis Sl
Jole 58,5 a5 e les oo 1y el ol Jdd ol ieS oS!
30 s Ol (M 5 wgbye 9 St (lmoygd o 53 Lod

Sl polide Hld) Lol o JluSis [asls @Sl oy

SPEI 4 SPI a3l (goids duolrs yolie  Siwwed Judov zols
C.L:.w 9 M L.,u)..o ).:bl.o.n bl).o.m adlaio L;leoliu.wl PN
sasye B Sier O}aﬂ 5l oolazol b .l oadb o0ly oyl
AlFer ibiie cops g Sl el S gt LI pllges
ool ol 13 Lo 590 gyt €85 b ) (g)lel (Stuusen
blg pl Susly jbhges ¥ U0 sl K6 j0 osds ddye iledbl
9 (Shmod upd dagpadll plie Jlld plS gl olyen 4
3lie pu (P<0.05) 4 (P<0.01) (P<0.001) (5,b> sxe golow
o oS Sl 0 001 05!y 3 SPEI 4 SPI (sl 23 Lis

Ll 0045 LaSwhe # g wE e

(Sloj sl plas 3 45 amd e Gl Y 5D sl IS5 Lo
o] 5 (S (2508 sl o] SPEI o SPI jas L
e wlodly polamdl ses a4 1) (Stused (b dosdss yw
@ ko V¥ 9 VA Y & Lol 0 sl olSiug) ) St
& Aol o oSl )3 g +/AY 5 <JOA /O [FY < [ON LS
oS sl ol dygly VD g INE NV VY G IVE Sy
S3,L L sblis 13 SPI 5 SPEI sl 4 casl oyl orins i
Suid gblie 9 Bl VL (Niwwed i Cugb) g
2 s i ol cle & b Gials gl (Stuan

3l o SPEI a3l dsloxe

IFAY e ) 0 ylows a3,k JUo ¢yl ol o golie oliyliss
Volume 14, No. 5, Winter 2019 (IR-WRR)

\ra



2

SPEI
0

SPEI

SPEI
21012

Jog

: |
| -
M
| B
AL |
1980 1990 2000 2010

1980

1980

1990 2000

2010

1980 1990 2000 2010
Jog
o
ol )
i}
o ‘“M‘—".J‘r
n )
-
b T
1980 1990 2000 2010
Jog
. [
o Il ¢
T Y N T .
Tz o _lm | Lok
A ) L - Ty
o AN ' ! !\ F
1980 1990 2000 2010
Jog
~ '] 1 |
. \ |- | ) A
. A AL
5 ° o
o I ! LY T
‘ J
0 : ! |
1980 1990 2000 2010
Jog
s ol :mhl“l".m,l,‘wL
5
o 1 '
i 1980 1990 2000 2010
Jog
% o 4
o
‘
1980 1990 2000 2010
Jog
' T

1980

1990 2000

2010

Fig. 4- Diagram of the monthly variations of SPI1 and SPEI in Joghatay station during the statistical period
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and on the time scales of 3 to 24 months

IFAY e ) 0 ylows a3,k JUo ¢yl ol o golie oliyliss
Volume 14, No. 5, Winter 2019 (IR-WRR)

\ai




Table 6- Characteristics of the dry and wet periods based on the SPEI and SPI indices at Joghatay station
Uz o) 43 SPI g SPEI sy yad b (wle! o gb po g SUis so,9d s S5 —F Joao

Time scales of SPI

Time scales of SPEI

features
3 6 12 18 24 3 6 12 18 24
Max of Drought Index -096 -134 -189 -202 -19 -135 -155 -1.60 -162 -151
Max of Wet Index 0.99 1.53 2.02 1.85 1.95 1.53 1.70 1.65 161 161
Number of Dry years 18 16 18 16 17 21 19 20 18 19
Number of Wet years 19 21 19 21 20 16 18 17 19 18
Number of Dry years (%) 48.65 4324 4865 4324 4595 56.76 5135 5405 4865 51.35
Number of Wet years (%) 5135 56.76 51.35 56.76 54.05 4324 48,65 4595 5135 48.65
Max of Drouaht Duration 2013- 2013- 1982- 1983- 2013- 2004- 2004- 2004- 2004- 1998-
g 2015 2015 1986 1986 2016 2016 2016 2016 2016 2016
Max of Drought Duration (Number) 3 3 5 4 4 13 13 13 13 19
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Fig. 5- Correlation and scatter plot for SPI1 and SPEI indices in Sarcheshme station at different time scales
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Fig. 6- Correlation and scatter plot of SPI and SPEI indices in Ghasem-Khan station at different time scales
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Fig. 7- Correlation and scatter plot of SPI and SPEI indices in Joghatay station at different time scales
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