Y il
SB g of cllis gl yingss 4 i
IVAA (ol 0o calind 9 Comu
¥y-ov

http://jwsc.gau.ac.ir
DOI: 10.22069/jwsc.2019.15612.3079

Juid 1 8940 30 4095 10 Lod g iyl Wigy Do Y gb (5 )IL el g (JluSuis (L) 4

O sse . ¥ . “ . s . Y . w % « .
iy (3ld )y was 9 (BB Glgayl sl sl Ly J gt ) gaas 8 e
05,5 Ll sl G o2l bt @Bl o5 8 SLilsT sl Glmn oKl (bl o S (5555 (6 el
i o (il o5, sl sl G oS30 ¢ b s 05,5 L30T (sl Ghmee o515 (3558 50 53
WAV 0y gyl TAV/ VT 3l s f )b

oS

6 ol 5l a5 LB sl 328 Glacanl 4 a5 L oS e b Ol bl ol i0ue 5 dila
5 o5bin b o 58 Al @ bt o5 ol oy IS s ol JlaSias 108 s
Slecas a3 Sbeos 1) Canjlass 5 0Ll S5 Cilies gladir Llg e 03 plocaiS e
el 5 b O Ol G 5 LSBT L (S dads 4t ekiS ol e ol L
Sl Ky mld 4 a5 b ol s oo cplply das e Sl 3 JOCIEICIE PO O 0 PN I TP (e
Lol » S sasls Olgea (SPI) sld sylbbal 5L Lasli oyl 3003 adsm 55 Ls 5 5L
53 el s sl S gl bl eSS S asls Olgea; RDD Jlases plubs asls
A il s el oSG il Sl sbaesly

weaS @wlale S5l slaesls 5l Jlo s 5 o ooy s plulis jshua ass ol ot Sy, 9 ol g
03> Bl Jeosl 25055 4 5o (VAA0-Y 1 E) Wl Yo Jles o3l 53 Ldes o) Cn $lale slos aion
sladde eslial b Zags ol s bes 5 5oL Sley (g 53 Ly, olulbid [ heay (aS eslinal Ol ol O el
oo 3l esly Sl (53 Ky e SYV5b (gL oLl ka5 08 S e e nd 5 IS - e
ailae 53 o8aml Dl (S s Sl eslinad b cpies S eslinad (10 (g)ls gme wlaw 3) LOWESS
il 3 s s polie I RDI [astls anlows ) iios, s Gl Sities adlate s ool e 5 S
Costs S0 S5l (i, b dlale &gl = a3 Sledbl 3l eslazal L RDI Laxls 53 PET lade .ol eslaca

L anlie KuG L anle VY 54 A by slaosl o3 Lasle s s walsl s el

P S 03 s a s el glaesle (oL slie Sley (g 53 aS sy OLAS J\J;S—&n Ly @Lﬁ (laail
3 aS Cd J= s cpl i sdalie adlas 35 sl 3 gy, g el 5 St slacle s sl

d.r).‘>r5 b LAJJJ:JJL’Jb)dﬂ)).bj)})}A&.LJB‘J}L@G&&Q‘M‘M}MYLA)&JL&?}LQALAJ{LA

zeynali.b@uma.ac.ir 315 J s ™

)



ITAA (1) 8,05 (Y1) s S 5 f Cblin gla yidgsy 4 paid

il gl Sl elKa) aes 53 VL gles &S sl 0l LOWESS EW s Lo S
3 SPI sla ol 48 513 OLE s cpiren 30l s el 5 Jsline [, (Sa,L S J-5 S o 55m
2R i 5 es S s, SuS wlie slew Il 5 JlKis Slib 5 cilie Sl slassl L RDI
Jeoa sl o&asl 4 by e RDI 5 SPI sladie 55 sddedaline JLucSist o S .ol +/80 55050 51 (65l
LT NG PR YL RS YA R RN Y OF pslis &8 il aale ¥ o3L L5 5 Yo =Yoo T dle s
oamli 5 e olg g s e L SPL 1 85 1 s s s s Jle 5 slie RDI S sls ol
Ol Sistang 5 Kis sble gl Ll 0 PET SIRDI eslizad Wsa Ll 5l KasG b ool slacglin

.JJ.S)\}@JL&L&\J)}A)J}JJIM_?Q)MQ

cAdld 53 @3l Junol 355053 al s o3 Jlos 5 Jlsas glasli g, amlie [ slaen i S am
Ok s Ol Gble 81 Sistans 5 it il 4 a5 L eslizal RDI 5 SPL et s 51 0l )
SF5pS 2l (Ses SPLasle SoL 5 (See glajat s pl ply sosl Josoes b 51 (S 53 i
S o Bl 5 uudse 53 0 |y (PET) o8l G ,ais,05e8 ( SALL 5 odle &S RDI ol & s
o2l oS wdb e Ol 53 ST sl o e 5 555lS w53 PET eyl el 4 a5 L il axils
Ol gl 5335 s 2 0358 & pots Ol s S Gl 5 il e O ) bl s 3 1, RDI

L}:..»J)\ 39303 4o 4> LOWESS Py ‘Lfld} d_}:.w;) co_}a\.} Léj'j}];’w ‘JL\»&.&? 6Lau.a}\.& L;'l.‘.‘b/&b’jb

5SS A das 3 bess 1) s slase doddo

5ok ol ple Sopde s Bles cn Sege S LS e ek DL el
Sl (1) ol Jlsis gy b Lol 51 e 5 B Sl 03,28 (gl
S e e e belse ol L ® Seax M) el JlSlis o188 e st
Calgss 5 b Of 0Lz e 5 G20 KT ) e 51 345 65 ol ok Sl 0y S
B R S o U O e PN NS | OGO Vo 5 Sl e Sl Gbess
5o sbad 8 e Son bl YY) das AOT) XS o sps) obbee b5 1) iosles
Sl S 5s sla, 538 ¢l i Sl Sl il Jlaslas gla S5y cxlis cpl ol
il iz sl pasls (1) ool go sl 5 Sy Copde 5 O7) JleSas (Kass;
iz (a5 035 sasie sln Susps Sl Dlpde e ) Jlackiis Jobipa
ol |y oleascl glas Sae L0l 15 cdiaes s o eyl b axlse sl 2 s3baeslel
Olsear |y olidlsn Glag bl 4515 s 5 03503 & lopdis o o glody (oS e
A7) 255 6 Sa3lail Ll 5 5 olos Sode wdd RSy s 5 5pb e by e O 35S Wls
3ok o odkamg kailsy a2l ol s 5 bl (S5 e gl LS 02

Yy



RUL S P RTCRTPLIpC

dilre s it JlKas Yo 5 Yo gladle
Jlo s Jlis o sads Jlide .ol osls &
5 0 (V) Sl o35 SPI= 2Y/YE L Ll 1444
e Shoeslaad b iags 5 (Y1) Ol
Ls 5 ik Sbs S s & LOWESS
b semer s Al 5 Jab oo
53S0 1K wltagy adm s JleSis
ool S sl QLA ragss ol C:Lg Aas e
Gtz 5 Adbe Uil 5ol s Oliee) Jeab o
e il ol sl s ad lalS Wy,
dal, oS sls 0l Srask ol 5 (RY) s
SLd S 02 ot 5 Slelie ol o 68
a3l OV S Ly 5 il slaesls
5 LOWESS 0, 3,5 51 &8l Kiass
5 Kb 4 Ol Ao sal oolinal 5 glaassy
o LEl (Y18) 0K 5 SuSE 5 (Y1) 0l Kan
53 (TOA) O 5 e (Y 5 0) 5y
@ SHl M) I ) slisd L ey,
et J3 s Gl 5 ldd 555 (omsn
RDI 5 SPI sla astls 3l oslizal U ulidl G,
o c,l:g Aty g oaale VY 5 Sl slaosl s
<=L&5 03 petle g e as clesls Ol fags
Lyl Sala 5oalie b, Sl bl
dae oy Gble s RDI Laxls Jlcpll
Colem U 1y bwge 5 add gl Jlusies
ol K ss et OA) das o Ol (65
SPI 5 RDI Jlsis shaasls 5l godese
Lobidy plo boaslie 5o by Olejas &5
OLar 5 )y & Ol s 45 Lilos S elinl
(VU 5 YY) 0L 5 K5 (Yehe)
OLKas 5 Ol w5 (YY) O 5 380

4;-}3 L; (Y" qu c\‘o c\" c\‘\) J).‘u a)L\;\ (Y'\V>

1- Songhua

Yy

Sllas = 5 o3 a8 1) Ieasl b Jad e ls al il
N PN TR P |19 NPV PN QT JOVEL
wlsl 53 a8 o (gilwesle oyls 558 (7 5 V8)
g g atls e ol s Oldlae S w
adllas 4 tagn 3 (Yo0) OLGs 5 205
A AX b slassl 55 RDI 5 SPI axls oo
(R ss opl 3 dastls Ol ol s asle YE 5 VA O
aenlus gl 5 Lden oKiil 0 5oL glaesls
el o Olgeas oyl 3 m s pslis 51 RDI
5> Lol il sddeslizal Jlucis il )3 pge
Penman-Monteith dsles 31 G 255 5500 anlows
Cowl 0als OlEs Olas] Y @L:; 3 ges eslina]
451 Sl slassl 55 RDIE 5 SPI slas oS
e el Slay slassl )-<i> O S aabe
Sl lis s RDI 5 SPI sls 2y, JS, b
Llosls OLEs Ol 5l cilises bl j3 JluSlis 3
G s 53 (Y010) u Sl 5 WK .00))
2 RDI Lasls 5l oslinad b JluSas 3 )
Slopsol L3 pkS o osata s SisliS
OLE sy ol el sl Ol 53 (s1al s
2 JSes jasis gl RDIE Gasls a5 sl
Sl Dl pdS L) Gl S e glaeyss
pams 5,80ee b5 s sl jls ool
OLer 5 dexl (YY) sls LSl b ptiS
2 e Sl o S s w0 (YN
SPI 5 sy 5l eslinal L olesSl 48 Ll
S alale ol slacsls 51 gt cpl ys casstls 4
ngiﬂ Olisl .l sddoslazwl YeYo U VAA0 L.
Shesleal bl JluKias cdeads 5 Odeeli S
Ll JlSles Gue 5 Dl 5 alses SPL 35
Sty gl 3 500 apulons andlans ;g0 azbes (gl
Gadle &S col osls Ol Eash cpl o5 el
PRSI TIWE i PRV P SAT CVRREV



ITAA (1) 8,05 (Y1) s S 5 f Cblin gla yidgsy 4 paid

W g, g dlge

033 3ol 4y ol andllan 5 g0 adlate b jae
e oS Sl e e US VEY e Doles fus sl 2,
s Olml3l s sl glaokul b st
Say s b s el Al G |
Gl Jald a5 5 i 5l s ) bl
0B gwo b Ol (08355 =l Ol 165) (sl al
CLL (ool O gd) sl sl 5 Sl
5 GadonSiie Ol ,e3) slral Sbl 5 e 3
ol LSCE5 (Olks sLT sl Ol ) 555053 L
&Wu@umvjsb(\ I8 el
S PR T SV L SO VWIS AN e P Loy
2 A oSie 5 Js S GlaelSan) 5 Sax
Slos gast ) sl Liledd w5 Sistaes 3bl
Lol Ll s Dlasie izer 5 ol

s e QLS andlaes ) 5

Sheslaal b e g lallas w.L.f:CJ]a.A Flowe «
03 b el J§i> 5 RDI 5 SPI sla 2=Ls
Sl s Ol s i sl b bl
395055 pal 4 3 bl el w6 S &) po O]
5 e iS5l S Olgsa oS el
Al ar s Sl s siuslis ka2l
ol D3 Ol cpdld sy e 5 GsSes
SKis opar 5 s B Ol
Sleys ol bl @5 o0
53 e e jerls 5l eslaad L JLlSEs
oAl e LBl L, a5 L )00 4
ol 0 el e b wS ol 53 Sk
Sttt Sl eslinad b Cl add aw Lhash
5> Lol o Laly, 5 RDI 5 SPI Jles
s St waale VY 54 0 Sl sbaesly

2,8 1 e s s 5550 4 >

.A.JUa.a;J".n aalaia 6\.&0&4‘ M| 9 Lﬁ"ﬁé|f".' Slasedn - d})’
Table 1. Geographic and climatic characteristics of stations the study area.
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Figure 1. The location of the study area and the selected stations.

sskieas (14VA) WIS Lav 5 5L o5l LOWESS
Sesliaal b eligillsen sl sl
Ogee S5 (V) A yme SAS|, ghils slaesls
Gl b BS Ogee S5 wlis oy LOWESS
oo Sz din g S5 Ky ilan 5 e
S dilbe LS L wn o0 Sl 5 e S
b LOWESS o), Sl s 035 1, sl
e (Rt e T

Bl o S 5 A oS o
desloen | 5T lalie o A(1) o) sl dtl -
I olislie o N claalie o 55s5 I f e
3 eslzad b adisclsdl LG 055 e 2355 0 S
s (Tricube kernel) S &5 S5 lacand 3l S

) ) 355 0 St 5 alols

D) = st i) M
Weight(j) = Tricube(D(.))) )

3- Smoothing
4- Kernel regression

Yo

L

Fol s o 18l s 50 Ky, el
c2dS L LT &S Jige o 0ol el Dk
e Gy G Gl b s 5 0 plie 0L
Oge3l A eslital JIAS= e 003l 51 b LS e
a5 (14V0) JIS 5 (V480) 1o Jaw 5 JIS— 1
JIS= o 0051 ludpe o3 (0N 5 V0 sl
ssbieny bl G Sl (g iledle i 4 5L
goolie (Xsy ey o P-value slie 055 35
M L ;;;““.“’*“”)’.' sl Ll Sley (5w
| Stens g Ol Gl e () a3l e
JIS= e 03031 53 TFPW i, 5l aesls ols o
5 3 b sl S e gl A slizd
(Y"f, B Y"Y) Qb&.q.b Y .)a..u_,ﬂ U'i’j) U'-'~‘

(V/\}V\/) S e.Js...iMjb‘
S SRUSIBEISIPRRCTRIRD P TS BN 31
ShLss ol Vb olbl oLl ke«
d}.‘.""’jf) A bbwm‘ LOWESSY Q}:.wjf)

1- Trend-Free Pre-Whitening
2- Locally weighted regression and smoothing
scatter plots



ITAA (1) 8,05 (Y1) s S 5 f Cblin gla yidgsy 4 paid

ETO = 0.0023(T max — T min)® =2 (o)

Sl o Sle Ra By ees ETO OF s «
i) b, e A (MIMAday) el
e bl glos o Sle Ty (i sb,
(F0) ol 3 S iles a3

sl 2 odBs, Ikl JleKis  jasls
b VY 540X Sl sbeesl s SPI jasls
gl s el el ol addlae )
sl (148Y) OLs 5 S bwg Laxrls
LE w5 @ls 5l @b 53 (V) o
Sk sbels Gl S miS el
LE a5 sl el S eLREAARIS
YY) 358 0 Ol Vs &) sy

1

a-1,%/
s e Bforx.a.p>0 (1)

fl.a.p) =

b s IS8 Gl cose B ool s
ik e L»KGUF(&));,\;)L. Olsae X 5 Lz
Sl s Ok sleesls asle [ slaeas (VY 5 )
LB 50l bl edd S5 m55 mb a Lol

13 500 dewla 4 5 AV sladda,

s 1 [14%

0(—4A<1+ 1+3> V)
5_ %

p=3 )
A=In(3?)—zl+(x) @)

Sle X5 SHoL Olalis sl N odagl s oS

Voo el leslad LB a5l Lol sla sl ol

1- Standardized Precipitation Index
*www.xlIstat.com

!

ot dle K s O S dle K e Y
S el sl b e ale T Slalie ol
plowil Sl Sl LOWESS (55 05 S
el 0l S5 walsl 3 4S 355

2 kol 5l eslimal b osel Cowsw glapss —Y
L pd s dle T.}Jqu

[l

6.Median;(r(j)) )

D'(i.j) =
S ] Sldalis 4 bg e elilbe SLT(]) 5 o>

s Ceand Sl esliad b aslsl s ol L3 >
Quartic (biweight) kernel ol S 0sem S5

:V-"‘)b

Weight(j) = Quartic(D'(i.))) (£)

L b0y Sl eslil b Ogen S5 e -

5 g0 Al T5dmee
23 5350 sl SO D soan b 5 Y e -0
T on deslous 1 oalin gl ole i
bl JLKis et Sl i,
2! 53 RDI 5 SPI gla axls vy jskiea
5 ool glos Sl 5 Blas> glaesls 51 Jays
3L 55 Ldes oKisl Vo slale ;L)Lg § o
o 1) s eslimad (VAAO=Y 1 E) Wl ¥ e
058l &m0, e L RDE e ls asloms
sl Sl SR opl 3 osl e
Sble =55 S5l el 51 (PET) G ais s

e )ﬁ;)u d.’uﬁ (V) Sl olonlara! (\Q/\O)

oslatl 5l sy B8 alea ;.j slaosls
Cde 9 4peS lacsls abaly cpl 55 (V0) 345 e
andllass g0 olSamsl oWl 5,8 zes 5 Lo



RUL S P RTCRTPLIpC

cotcik+cy k2
0 1 2 ) (\ o)
1+d,k+d,k2+d3k3

k= /m{ﬁ} for05 <H@x) <1 (1)

sui DL 45

5P1=z=+(k—

Cr=Y/0100, CY=t/A+ YA, CY= 1 /e \ Y,

AY=V/6YYY, dY=/VAYY, dY=e /e o\ YA

Seix cus o gl S gk
sl o dalin BB Y Jgdr 5 (s e 0L SPI
RDI _arls @ JlSes plbs jesls
ools slgiy (Y000) LISl 5w SLS huy
Cr atla Olgew asle ol (FE) A
5hestizad b 6l e ikt 53 Of 340eS
e s (D s ol g Jels
Ll ol LI Y00 Jle s (por e G5 )
Role 355 Ol IS5 4w 3 Wils s RDI slie
olie 5 edi Jbe s RDI slie RDI (a0) +Jsl
RDI aJsl slis (FE 5 ¥T) siis kel RDI
358 dslous lale 5 s (T L gl Ll5 e
54 o denle \V dlail 5100

Z]::I;pj

J:
ar = 5ok
Jj=k .
Z]-=1 PET;

V)
5 SEb osse PETy; 5 pyj ol s &S
ol s |0 el 3 ity G5
2litals ;o Il Sl ole o g8 slr 155 e alaily
WA odaly, b 3l e Jlg RDE 5,8 13
el dsloes LG

1- Reconnaissance Drought Index

yvY

(Yij\‘i).}js&)\fg oJl.i‘;.»\.))j.A

F() = [} f()dx == [F x@ 1 e/PY (1)

E&

Llg o 523V alaly Sopoa Grmen Ve dha

1 X, - -
f(x) :r(a)fo @1 o=ty

)

SSon el UE X/ B oS 355 25 il

S ks jie Sk sl gl LS 26
Gl Kas &S 35 30055 .33 8 asles X=0 5 5500
Sz pl 02 il 8 e lie gl SL
Sheslanal b ool Jio o8 5 sie Jlal 4l

(\O)J;&A Do \Y 4.19_:‘)

Hx)=q+ (1 —q)F(x) OY)

35, sy 5L oS el Jlasl op1 Gl s oS
Ao 530k et Jle o lailad w55 S H(X)
LSPI Laxle W g cel a8 ol dsly ubsls s
5,505 5 bl (00 5 8) sss e LIS o5
Slr o3l Glaalanl b bli sliss ax ol (55
s o) sl ansls 3425 SPL jasls aiilew
s Ll BB Sole & s 5 (o308 Oy s0n
53l bag Kl e K es w
vy B S SESS sl eslid L () S
e SO |y meas el &Sl sl el
SPl Lasls e S o bas Z sjluild
Bad e i, )N 510 N8 AT ladal, O pon

C0+C1k+C2 kz
1+d k+dyk%2+d3k3

k= [ {[H(i)]z} for0 <H(x) <05 (\¢)

SPI=z=—(k— ) Or)




ITAA (1) 8,05 (Y1) s S 5 f Cblin gla yidgsy 4 paid

RDI,, (k) = y"a;:k (14)

Sk Vi 5 e (al(cl)) Lol Vi 0f 5o S
(\'/\) S J)U.;L”w:‘ ulful 5/{ 3 Vi (_;b.: dLM}
eMLS..AJ.:U; RDI L;L“’Li’;';- CJU;.IQ Y J}J&- BE

sl

RDL,(k) = Z—’; — OA)

&ﬂ uAL«J\ Bx GJ\..:IJJ‘JJL:AN‘ RDI C,\.w‘ uﬂl}- 692
VA akaly 53 5 558 e el SPI wlie 3y,

sl ol b)u‘ J:j) U'i‘

RDI 5 SPI sba jasls pslis 4 4 5 b JlSis ganand -Y Jgio

Table 2. Drought classification according to the values of the SPI and RDI indices.
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Table 3. MK and Sen Results of monthly, seasonal and annual temperature data series.
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Table 4. MK and Sen Results of monthly, seasonal and annual precipitation data series.

= 3 2 3 45 2 = 3 &% 3 2 3 73 i

s & &2 £ & = =3 3 2% § E ¢ £ § ¢

(2}

MK -015 -012 -004 018 009 0.09 -0.07 0.14 0.01 0.09 0.08 -008 -0.10 0.01 0.06

1 PV 000 005 034 0.00 0.10 0.01 0.24 0.02 091 0.03 0.07 0.14 0.09 0.85 0.15
Sen -034 025 007 -037 0.34 0.28 -0.27 0.15 0.00 0.05 081 -050 -0.37 0.07 0.18
M-K  -014 -023 -018 -0.07 007 -0.02 -0.03 0.04 0.10 0.02 018 015 -012 0.02 0.17

2 PV 000 000 0.00 0.19 0.03 0.77 0.64 0.58 0.04 0.57 0.00 0.02 0.02 0.717 0.00
Sen  -042 -049 024 012 022 -0.08 -0.04  0.02 0.04 0.02 -152  -046 041 011 0.30
M-K 000 015 000 003 -025 0.13 053 0.16 0.09 0.04 0.35 011 0.01 0.18 0.15

3 PV 100  0.09 1.00 0.70 0.00 0.19 0.00 0.17 032 0.66 0.00 0.30 0.86 0.01 029
Sen 005 109 -000 -024 -166 0.82 391 0.72 0.08 0.11 8.26 1.20 0.01 4.23 151
MK -011 -016 -022 010 -005 0.05 0.03 0.15 017 0.18 007 019 -009 -002 016
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Sen 0.00 071 -059 003  -0.49 051 241 0.00 0.34 0.32 119 1.03 -1.37 176 0.46
M-K 004 -003 006 002 002 0.05 0.08 003 -001 o021 0.07 -0.02 0.05 0.09 0.03

6 PV 1.00 0.42 0.04 0.65 1.00 0.18 0.13 0.46 0.75 0.00 1.00 0.61 021 0.03 0.35
Sen 018 -007 011 -0.10  0.09 0.14 0.22 0.00 0.00 0.40 0.98 -0.27 033 0.68 023
M-K  -004 010 005 -020 018 0.02 0.12 0.07 011 0.16 0.12 0.00 -0.07 013 011

7 PV 051 012 0.46 0.00 1.00 0.70 0.05 0.17 0.12 0.00 1.00 0.95 0.24 0.01 0.00
Sen 013 015 009 -027 087 0.09 0.16 0.08 0.07 0.05 1.09 0.05 -0.16 111 023
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Table 5. The most severe observed droughts in the time scales of 3, 6, 9 and 12 months.
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Table 6. The Frequency percentage of drought caused by SPI and RDI the time scales of 3, 6, 9 and 12 months.
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Abstract

Background and Obijectives: Drought is one of the most important natural hazards that affect a
significant number of people due to extensive damage. Drought is also a phenomenon that
directly related to the issue of water scarcity and because of its reversibility, can affect the
various aspects of human life and the environment. The drought affects almost all the
determinants of the hydrological cycle from the onset of precipitation and then the surface water
flow and eventually storage in groundwater. Therefore, in this research, due to the results of the
stable process of precipitation and temperature in the Ardabil DareRood basin, SPI Index which
relies on precipitation, with the RDI index which combines the parameters of potential
evapotranspiration and precipitation, were compared and evaluated in different time intervals.

Materials and Methods: In this study, in order to identify drought and wet periods, monthly
precipitation data, Minimum and maximum monthly temperature for seven stations were used
during the period of 30 years (1985-2014) in the Ardabil valley northwest of Iran. In order to
identify the trend in the precipitation and temperature series in this research Man-Kendall (MK)
and Sen's slope (Sen) models were used. Also, to assess the long-term stability of the trend in
the time series LOWESS curve (at a significant level of 5%) was used. Also, using Aridity
index, four stations in the arid area and three stations in the semi-arid region were established.
In order to calculate the RDI index, potential evapotranspiration values were used. The PET
value in the RDI index was obtained using monthly temperature data and Hargreaves method.
Finally, SPI and RDI indices were compared in 3, 6, 9 and 12-month scales.

Results: The results of the LOWESS curve showed that the annual temperature at all stations
follows an incremental scenario. While the precipitation behaves differently and often is
decreasing. The results also showed that SPI and RDI indices are very similar in different time
scales, and R2 is in most cases greater than 0.90. The most severe drought observed in the SPI
and RDI models of the Ardabil station in 2010-2011 on a 3-month scale, whose values were
respectively -3/11 and -3/09. Also, the results showed that the RDI index that extreme and
severe wet values it’s larger than SPI. Eventually, both indices are many similarities with each
other but because of RDI's use of PET, it can be used more widely for arid and semi-arid
regions of Iran

Conclusion: This research, two SPI and RDI indices were used to compare the drought events
in the DarehRood Ardabil basin of the northwest of Iran.Due to the dry and semi-arid climate of
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most regions of Iran, it is very probable that the amount of precipitation is zero in some seasons.
Therefore, precipitation-based indices such as SPI may have less efficiency than RDI index,
which, in addition to rainfall, uses potential evapotranspiration (PET) in their formulation.
Considering the importance of PET parameter in agriculture and water resources management in
Iran, it is necessary to examine the RDI index in other regions of Iran, such as the northwest and
mountainous regions of Iran and its results can be compared with other indicators such as the
important and highly applicable SPI indicator.

Keywords: DarehRood Ardabil basin, Drought indices, Linear regression, LOWESS curve,
Potential evapotranspiration

ov






