PO

U’/'%Tdﬁ&?}} Q»sw’,

% A .
W tes ;U';»Li(/jﬂ;.:,ufyf gwu@/;wm..,g/um
d YAAV-Y- YA LLs

o ol 3 ¢3! S ko g iy (3 oi! Julkoxd
Yolf sloaili § oolist b

T ! b T gl gl ol Y (6 59007 (5000

U5 b lie 5 (5598 pole oSty jsul odize g psle (65> (et gol Sl - ¥
6y oS o231 ¢ 535)08 905559, )| lid)lS” (gaz ol il - ¥

b G005

RV 9 doRo

il jeuS b dalaie G o) aie golaidl g claixl o jlase sl )il 5l glacgazo o JLw iz
e gojlail jo Sl e Bl m b goslasl 5 ogdle wilg aS dilale el i G 51 o g ool wl g, 0]
b e 5l oS 53 50 hliie glrasins ol dgi oy o (i sloamin sl ;5 00,050 5 o Lasls
Sy i s 8l iy ol IS il (5T ol i el 5 035 Sglit (sl 25
Sl gilmw Jow jlea_il> 2595 a5 oS colaiwl YoulS slamsli 5l lgs oo (Bolal yusio dix b g0 (4
g on I 1 piie o (Sl

W d9) 9 3190

oS s JlocSis sloalols s o s pad gl RDD) St Slulis asl i ) oy ol 4o
el sbareas YoulS slagsli 5l g o aolazul VWEY-1TAY (ola o o Jlod lol s oliwl —lislsn
oy il sloo LT (slao sl 5l osliiul L YaulS Calises sl YF .ol ooliil 55 3250 ioke 5 i (ylejod
S g S S b S )l (0,038 9,5 Cige (il 5 (Jove (siladinin (he) 99 5l eiaren 0
g alizee ¥ lS il obs)l sl g ad sslaiu] Coxin Y alS sbvdsiw ey 20395 (g0 3 5l 5

g il g4

M.teimouri@ub.ac.ir : ($og wSI Cunny (UKo J gimnost

Ol JloSas o g Sal SYlas! Judos VY Lo el ladiganl cp g0 3L
YOV (V) ¥F s Iyl sloimety YsulS slaasli 5l oolial b Jlos oLul >
10.22092/wmrj.2022.359052.1479 :Jbuowd gl

VE Y/ F 3 W g BV F Vo I+ 2y yida g B Fo V- FIVF 26,80 3b g, ) £ V- VIV A AL 5 5,
DY BYF sloasio VT (Lol AV olo so,leds F (so,lels Y& go,00 VTV Lo (8 0 el sla g

OB %y 5© 0B bl b wlie 5 55)0liS” (hjgal 5 Cliios 3 e 2 il




VF+¥ laal YA by go,lowd F (50 lows F'F (50590

v &
U’/'V{'(ﬂ(ﬂ’}
. ®

(552 ] s ot slags yo eSilie ol cilizes Y 5ylS oo 33l (6 Sl il o Lons ;]
b ooliias] GaplSilam i 5 ) lrs 5 aSST eS|

cou g

GL».» KTV RS @L«w&: \.\55) 99¢ &M JL.\.»S 9 Oy uﬁ"’)T 99 L> M w).oa 6o)lw| LQoli»_m.:‘ r:l.o.: B
65k @) 45 ols Lt e 598 LRl gz o0 iy (M0 e las 10 By el By S 5alsS (505
&9 Olseds ol ] plw 6l p oled m385 59500 gl Sl Sis Do g Dad (gl a8l s
9 [0)7-‘.9- 6L®oli~m.:‘ 9 é’L’ uLQ.Lo._.w 9 ale 9 0)5.,..?0 6[90&_“.:‘ Ls‘)" A.MQJ é’L’ u_..u‘ J.Ju_...ul..uo ML’J‘)‘J’
S 3,0 o] o Al Ve a8 5L 0,90 gl oyl S Lo (g0 0y so) S hge by, b oYL ciillas
o] 13 VO oSt s 79,8 o] 13 VA Il St B opal i o] 5 FIA Il S_iis
ISt S gy o] ;5 5 A JocStd s ik 5 ile oK) ;5 VA JlocStd Sy ozl
ol Cewads AJY

WLl 9 (5 5 4o

15 oSas slaalh alad 3l oslil 5 ols Lo 1) o ke 55 Slums U 43 YaulS slogls gV bl o imgy o
il s, 39 6Yb Cllas aizan S o dnogi |y, Bl > 55 YaulS 5 slar il slazy o ol
sl oolau! pf ‘_;)Ln‘ (50,90 J}la J.z.lad..g Lbégl.? (_gbu\qc_w\)é .>)5‘).3 ‘_g‘).g u’af)l.a 6°)1r".‘;} 6}1)5@}4 9 u:‘lz"
&S Lo (g0 (59 )5 ige sl 50550 pls (glyl o prionis LSL“&P?" J= lm@b' ol gl Ll [Cadbd
')5'“"6" QLQM oJ..:.J ‘_gLasuw.‘bjj.s 50 ‘_g)Lwcb...QJ i t5L‘°9§J‘ (54_..».).&4 6‘)—.’ ﬁ@}[}b ‘_gl.a:oo‘o )1 ool )

BIC ylxo AIC ylxo “_;.ma cs’L“‘L""" e ™ s‘sa"Lo.iQ.w)é P (ado 20Uz guls Olfjl,

acsb a sl o) bl g (JlwSis slas) )0 cogeo
ol o rlple (Vo) e GhlSes 5 g3l pwcinss)
@ oS et sloatld (o p)l5 p (S
G5 9 o8yl 5l Olojes JS—bas a5 RDI el
3 Jedody (e li plas ol ool il oo 5 oo 0,40 09alls
Jsers ol & o i 3,05 s i 285 L
Ax g yidon &S oo oolaiwl )b e 5l L a5 SPI
99 G lio b (Y2 1Y) (24500 Ll ol jo .l oo
Siyekas JleSes Jdsw 5l RDI g SPI a3l i
58 5g] Cwsay stol—ie gazes ol ) alises ool
Slby slagsll (sode alizee slo )55 uioren
IPCC) wilos )57 yi,155 1, Les g (4i,b (sl yusiio Slwgs
R PN YN T I SRR A R Ry
o,Ls) RDI aslis slac jo 4y o8l jss Lyl i o
u‘)&oﬁﬁ C)‘)ddm‘ ARRTA @5,09 699L~u) ..\.;‘o\);

.

- N - P

‘5...:L> Lo ‘5’.....'9 ‘_gota; o kj—) Gll_wt&w?
60351 13 Los Gl 5 o3y Gl 4 LB 5ea
S,ls u:.L.:’u Srpgtan; 10 sl od xS sl il Sle>
plos 5o Ly osusy cul 4z STV A (S 5 ()l)
Do dalate 0 Jgaidl o slasl se Bl slaadlais
ale s anliy o gogo loo )5 JwSis
5 solaidl laggoge ba S as)ls Slw, ol gl
09> 4 l) sy axg (JlwSis glapagn oS
solfuus 5l JluSes s oLl el ooges >
S5 00 (o2 553U g emlidio] ouliilgn calise
O e glaalaly | do gie sfaus a2 40 g
QB oo drwg |y (saax (5 kel Lasls « coudsl slaosls
s Jdods bose) by JLwcSis soummn Juloo
Olgeds b axlis ples jo 3L slaosls ax ST .(Y-Y)
SOl ool Lol el ooy oolaiul e (5 oo
9 009.?.; S'L»&MD S g [N )f.ul.u LS'LQ’J cb)...v_..a

O



U’/’/TU’ f&}j

oarls S el Gl o i YalS slaals
pll |y oS 5 (as 8 o prienis JwSis
el 00508 o5 ol Yo oS g a ol
VoV oh)lKe g () sabwgts (uz (sam 2 09,
S (Do JloSlis sl govie (garwgd 5 (o) p
Tt ol ] ok (9555 o) 5 ol 5
ol a5 08 5 a5 Va5 b0 (g4 wslin ol
S 9] wilisie slaal Jol o conlad jog.s
‘J.».Alf C’,‘L%&wl.i o o $°9)9 Lgl.moalo 9 Yyls
Sy Sl (g5lsand glp 1) SE 5 el
g o¥sl.ain S ol iy JluSis (go,muS g o
Ul o8l gaglaio gy (LS 0 (Y-VY) ST
YIS slaali g SPI ¢ RDI sla a3l il oolazal
53,90 Josl (S @l s G 5 W35 end
&b oo Olsear ] 955 JoolS b ugee¥E
Salwgts 5 Olnl J21o laagh )0 oS (8
9 KW rbL?U‘ SPI ua}Lw 9 Yyls 6[&@[.: )I oola__ul
&b (el g0, e 0 JolS (STl 3 ali aw (o
53,5 By @b e Ol ] 0890 S8
@lde galgar (B, b0ul)dl sl el nsl
O 3l g o alil Y5 slomsls b sladlaie JLw
&b SR g el M (S U
39,0Lb y3 208 (Byme YlS (i plprear |, (S
Sl o 6l (Y1) ) g 00l iils
Youl5" b 5 20 )5 oolaiwl YoulS sloasls 5l cwliislgn
opeite 98 ko gl b (n palin | ugeeVE
Slagl 51 (V- Yo) ohlen 5 oleipler 03,5 (Byne
9 DAl (Soyeaie 93 &5 Sbml sl sam 95 SIS
5 53,5 ool Zaiiw g jaw oS! JluSlis Gus
SlocSis Oow g Dad (50 e 99 @568 dboul 6l
5 Oad sl g sl L(Y-V ) ) o
Sz gladhie Jas ValS ol ululy ooe
s sladdlaie i 5l am sl ss S s |
¢SPI ozl b os58 (goma_igs g, 5l eolinl b
a8l ;o g win S e [ by JluSlis Do g ol
i) @235 Ol ot 5 55 0 stiate 5 o5
Wlpl (B2 0z g g saihie )3 g ablress
Orizped S ils Loosls b (6 e b3l sLSes &is
&b 9 oIl 655 e slaadhaie )3 JelS SVlS &5

e dlowd el i ] JrSbs: tag s 5V loin| Iyl

iz 5l L e JL_wSis a5 bl 51 (Yo 10
ST K55 s o i) hampad ok i
Sl slols ol (p) 50 63k Coesl o piitenis
@biadgazme (Siw g0 paieniz slog i S0
6&@[5 Slail> du’é’)?‘ J=e u‘?*c‘\" 3,0
e bl s Wb (o slwdnd 1o ould oola!
U CONOT S W VSR OV I S SUFL DX FP PR
s g gy (YVF JsS15) 0l | L puicie oy
Sl slag o5 b JoolS (o5 5 Joms (1299)
2y oS ool e Slol 2 Sl 610 1) JelS
COF d So® S (392 el b YL Ll
2k, B ) (i sla gy o azlge Sl SO L oo
oy jlepiioniz o ae ol gaen 5 Wlowzmy
odliil (Siunly (gainw (lgieds gy (Shannon
& hlyd )0 e (Ko oS S o0
@olol oleay ol oz i Lo yuite (e b,
F P r Yals ool b ol oo jladay wlin
Slolwl b (i o pationizr slag joi slacudgame
Qilg g0 @il (Vo oV 5old g CansT) Mg oo Bybo
o | ol e S b 4y 5 5L i
Vi a5 b ISt sl it 5 005
(V21 s 5 6 90l5ll) W3S 5dl pa L) oglite
Jedoas ol ol o Ve 15 slosla ! jo s 2 az !
S Sl ool Glacusgaze (ol gonzn il
5 bl ) glod s IS5 4 S98 slaJlws o
Lo Jo 5 Jlosid asile o sloonssy silwans
Slry —wliol jo Hex il ouls sola il
@l YulS s glagli g gyl 5Ylazs|

5 ooliiasl Wlgi o b yicie yes sl
V5 alizie glagl p oud ploxil glo g 2 95T
e S SIS 5l bl 350 5 il sbams
FONE) (oS g ghegliygmgi Canl 039 (]S g3
S g Dad pSlas gilwad ol y YolS L;Lm(v:glb'
Fowslin |y JolS &l g a50,5 colarul 4S5 0 ai¥le
39y Gawil 0 (Y2 VV) o) en g ¢35 000y aseis
Yl 4w g (slndl> gj98 b (samlio L aaisy
iS5k (50593 (Slo sl 4S W8S Al (pwded )|
ol s lails o e ol 4 b JluSas
o5 il b g e sls Koy Bl YglS
9 @olo piomen 0 pin o] B e iS5l
iz slaal bl slr =l (V) oS
S0 ) S, Cise 9,80, 5 3,5 Slpiin Y5
Gz e 59 g0 930 ln |y S
Gy (Yo VA) ) Kan 5 KL 050,53 ,me YgulS

&



VF+¥ laal YA by go,lowd F (50 lows F'F (50590

3 Gl S Dok g Sad S i85l (g0,50 gl
b}w‘s‘o J...L?v.: 9 R aliso duoml

g, g olge

o293 adbie (o ldl e Cundgo

2 &y FeskS Sl YA sl b (et plal > b
Laealdl ) Jlod Coos 30 9 0,00 18 5585 5, Lol
G35 e 285 Gl 50 Dz Cwnd ol sline
59 bl (laseS 5 oS slagble jglre 5 0!
P b bl o o (Sl g0 S
Jlod )3 glaaS slaogSa i, (B, 8- )8 Sux g
Sopeldl Gl 095 by Sl g yo Y1
5091 s (slacdad 5l (S bl cnl sl e gie
Gl o jled p la JloSas oS 03g H9iS s
5 oy sloacl wa b cdl a5 go s
o) cwl oads o DY game ciS 4 o)l
Colae 2NY el)y lmipme) (¥ V0 (LS )5
O 5l oo 9905 o3lail sl 5l aS eols LSCas 1) el
o2l 39, L Gy Sl sy, 0Bl oo mus sl
Slefeg el T Jlodyy sloaslis s 5 (o)1) ==
Sra¥le o)L geslail oyl lwl Of mle el jo
VYo o el 5 009y ko yio dos B0+ L5 VY
Olikass 5 aile b o 50 o] gakean . Consl o oo
iS5 oo oo FFA (coslail by (S, olfi )
OIS el oKl o e dee VY (go3lil b ]
ol el 5 sl V7 C i glos (peSilos .ol 00
shold) sl Stz 1 Siddas (8 logd bs; bl
Slo el 5 )9iS 5o Sl CuaBae (V- VA () S
el oo oalo plas ) S o o] calise

v &
U’/'y{,lu’fuﬂ}
. ®

Olrl 29z 5 (Bt (55 0 slaadhaie ;5 oS
Bl az s wlo,S 1 b e (e (54 ekl
5 Jbod el S Jled slaca—nd oy cnl )3 oS
Youf ali il g el oaiis ools yidgy jo—iS e
9 9> u_ii‘).é ‘09».:)15‘@ au.a_w; JALw ol solawl

Sy JealE
SaYslS Lol Youl5 slaglh 5l SsSUsS slaoslsils
(Jeol8 e 9—S) (et (G 9 Jley) S3an
(ol hale (Jol8) g oIl (3o Sl e
— 5 <) s slseslgls o (b sV
VTV 5 (oulie y0) Cansl (09505 590 S8
e 51 e ai a5 el o 0 )Ll o jiay 5o
o> so3lul g ww)l sodlgil> 6ué_,b ssle
03g9: 50,5 ol Blad Ly g ool [LSLw Jdoa
Sloas eolatwl i dn —wlbino! slaiagsh 1o
(VR g2l fansS ooV s ¥ o oV S § K1)
Salwgts Y5 0 Sogoms sleiing iznen
oS- 8 coslgils 5 (V- YY) oLSas 5 lesgs
(VoY) o 9 il 39 (omidan )l 5 (99 S 590
sl on e ply—ea ] o)lEe pan sLaVals
Glrossay Yo aso a5 Sl 51 asols slea—iy Va5
Do § DAl Copogas 90 )0 odes K04y Jlo Sz
ol 6T S a ln (S35 (g nl el lles
ol sl Sl el il L Vgl cloasls ilisve
RDI asLs jl eolatul b lo JlocSas S g o
ol Il bl ciliee loolSiagl 4 o
5 e Silwdintr B9, 59 sa—lie Giosh (nl )
B S e R e
O, 22385 (5098 9310 4 45 09 oo plowl (e
Cale o b sl jaie ciie YnlS gloani

56°0"

57°0°

0 25 50

*
Jajarm -
Esfarayen

100 Kilometers
I O O

138°0"

137°0"

* City
[ ] North Khorasan Provine

00l oy 3 B Lw joeds g (4l ] 5o (Jlous Ll 5 bl ComBgo —) o
Figure 1. The Location of North Khorasan Province in Iran and the Investigated Cities.
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Table 1. Classification of Drought Severity in RDI Index.

Classification Value
Extremely Wet >2
Very Wet 1.5 to 1.999
Moderately Wet 1 to 1.499
Normal -0.99 to 0.99
Moderately Dry -1to-1.49
Very Dry -1.5t0-1.99
Extremely Dry 2>
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Figure 2. Graphical Demonstration of Different Characteristics of Drought and Wet Years (Mishra et al.
2009).
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Table2. Correlation Structure Analysis of Drought Severity and Duration Data in the Studied Stations.

Station Pearson Mann-Kendall P value
Bojnord 0.751 0.619 0
Esfarayen 0.755 0.627 0
Faruj 0.827 0.693 0
Jajarm 0.700 0.575 0
Manesemelghan 0.673 0.542 0
Shirvan 0.693 0.570 0
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Table3. Estimation of Parameters for Marginal Distributions of Severity and Duration of Drought.

Parameter Station Fitted Value
Distribution
k sigma theta mu
Severity Bojnord Generalized Pareto  -0.096 1.773 0.09 -
Esfarayen Exponential - - - 1.69
Faruj Exponential - - - 1.6128
Jajarm Exponential - - - 1.691
Manesemelghan Exponential - - - 1.733
Shirvan Exponential - - - 1.772
Duration Bojnord Generalized Pareto  22.67 1 -
Esfarayen Exponential 18.65 . 1 -
Faruj Exponential 18.92 1 -
Jajarm Exponential 17.89 1 -
Manesemelghan Exponential 19.23 1 -
Shirvan Exponential 20.94 1 -
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Table4- Fitted Copula Functions in the Investigated Stations.

Maximum AIC BIC RMSE NSE P value

Station Likelihood
Bojnord Burr Burr Burr 0.095 0.999 0.751
Esfarayen BBI1 BB1 BBI1 0.070 0.999 0.938
Faruj Roch-Alegre Roch-Alegre  Galambos 0.069 0.999 0.970
Jajarm Joe Joe Joe 0.076 0.999 0.974
Manesemelghan Roch-Alegre Burr Burr 0.113 0.998 0.448
Shirvan Joe Joe Joe 0.091 0.999 0.775
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Table 5. Estimated Copula Parameters in Local Optimization and Markov Chain Monte Carlo Methods.

Station Local Optimization Markov Chain Monte Carlo
Parameterl Parameter2 Parameterl and 95% Parameter2 and 95%
Uncertainty Ranges Uncertainty Ranges
Bojnord 0.332 - 0.332 -
[0.3120.355]
Esfarayen 0.747 2.254 0.754 2.25
[ 0.4550.999] [2.092 2.448]
Faruj 2.826 - 2.83 -
[2.683 2.983]
Jajarm 3.206 - 3.206 -
[3.1083.310]
Manesemelghan 0.475 - 0.475 -
[0.440.511]
Shirvan 3.286 - 3.286 -

[3.151 3.436]
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Figure 4. Posterior Distribution of Selected Copula Parameters Extracted from MCMC Simulation in the Studied
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Figure 6. Probability Space of Drought Severity and Duration Variables with Selected Copula in the Studied Stations.
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Figure 7. Severity of Drought in the Period of Different Returns Periods in the Investigated Stations.
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Extended Abétraclt

Introduction and Objective

Droughts have a set of negative environmental, social and economic effects in a region or
country. Using a monthly index and its analysis that, in addition to precipitation values, takes into
account the effect of evaporation on the numerical value of the index, is very useful in determining drought
parameters. Different indices are also a combination of variables with different marginal distributions,
and for this purpose, their statistical analysis is difficult. Therefore, in order to determine the structure of
dependence between two or more random variables, copula functions can be used, the distribution of
margins is separated from the modeling of the structure of dependence between variables.

Materials and Methods

In this study, RDI index was used to determine the severity and duration of drought in 6 stations
of North Khorasan province between 1988-2018 and Copula functions were used to analyze the
severly and duration. 26 different Copula functions were investigated using different statistical
values. Also, two methods of local optimization and Monte Carlo Markov chain simulation with Bayesian
estimator were used to numerically estimate the posterior distribution of selected Copula parameters.
In order to evaluate the fit of different copulas, the common criteria were used for measuring the fit of
different copulas including mean squared error, Bayesian information criterion, Akaike information and
Nash-Sutcliffe efficiency criterion.

Results and Discussion

In all stations, the values of correlation coefficient with Pearson and Kendall tests were positive and had
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the same trend. The results of the Kolmogorov-Smirnov test at a significance level of five percent for
choosing the optimal distribution showed that the generalized Pareto distribution was selected for the
intensity and duration of Bojnord station and the exponential distribution for other stations was selected
as the appropriate fitted distribution. The optimal function for Bojnord, Maneh and Semelghan stations
was Burr function, Jajarm and Shirvan stations, Joe function, Farouj station, Galambos function and
Esfarayen station, BB1 function. The results of the local optimization method are highly consistent with
the Markov chain Monte-Carlo method. For the 100-year return period, the drought severity at bojnord
station is 6.8, at esfarayen station, drought severity is 7.8, at faruj station, drought severity is 7.5, at
jajarm station, drought severity is 7.8, at the station in manesemelghan, the drought severity was 8 and
in shirvan $tation, the drought intensity was 2.8.

Conclusion and Suggestions

The current study shows the high capability of copula functions in solving two-variable problems and
recommends the use of all possible functions in choosing marginal distributions and copula in solving
problems. Also, the high correspondence between the two methods of local optimization and Markov
chain Monte Carlo for estimating the parameters of the functions is probably due to the short statistical
period used. Investigating the capabilities of these functions in solving multivariate problems, imple-
menting other Monte Carlo Markov chain estimators, and using longer data to compare different opti-
mization algorithms are suggested in future researches.
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