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Abstract

Drought as a long-term water scarcity situation is a challenging
issue in water resources management. This phenomenon is one
of the less expensive and less known natural disasters. Until
now, most drought studies have been either univariate or
bivariate. In this study, trivariate of drought analysis in eastern
Iran for 13 meteorological stations in the period 1971- 2017
were investigated. SPI™Y index was used to extract the
intensity, duration and peak drought parameters. In this regard,
the ability of twelve copula functions of Clayton, Frank,
Galambos, Platelet, Gumbel-Hougaard, Ali-Mikhail-Haq,
Farley-Gumbel-Morgenstern, HRT, Filip-Gumbel, Joey,
Gumbel-Barnett and Sarmonov to create a joint -distribution of
trivariate were tested. For this purpose, the nested method was
used to connect two-dimensional joint functions and create a
three-dimensional joint distribution function. To determine the
best copula function at each station, RMSE, NSE, and
maximum likelihood (ML) statistics were used. The results
showed that the HRT copula function has the best performance
in generating bivariate and trivial distribution functions. The
results also showed that the use of SPI™d greatly eliminates the
disadvantages of general SPI and takes into account seasonal
variations in precipitation in the calculation of SPI. The results
of SPIm indicated that the highest percentage of dry months
were observed in the Sabzevar station with 52% and the lowest
in Torbat-Heydariyeh station with 35%, which were identified
as the areas have experienced the highest and lowest dry
months, respectively.
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Table 1- Characteristics of the studied stations
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Coefficient
. . . Sea level Annual Standard
Station Longitude  Latitude  oioniim)  rainfall(mm)  deviation of
variation
Iranshahr 60° 42’ 27° 12’ 591.1 110.2 60.4 0.55
Bam 58° 21’ 29 6’ 1066.9 57.3 25.3 0.44
Bandarabbas 56° 22’ 27° 13’ 9 180.5 115.5 0.64
Bandarjask 54° 50’ 26° 32’ 5.2 133.3 118.6 0.86
Birjand 59° 12’ 32° 52’ 1444 159.9 54.4 0.33
Chabahar 60° 37’ 25° 17’ 8 223.4 85.2 0.38
Kerman 56° 58’ 30° 15’ 1760 137.1 47.9 0.35
Sabzevar 57° 43 36° 12 977.6 194.2 58.4 0.30
Tabbas 56° 55’ 33° 36’ 711 81.9 35.2 0.42
Torbatheydariyeh 59° 13 35° 16’ 1450.8 264.9 83.5 0.32
Zabol 61° 29 31° 2' 489.2 55.3 31.6 0.57
Zahedan 60° 53’ 29° 28’ 1344 74.1 38.3 0.52
Mashhad 59° 38’ 36° 16"’ 1065 255.8 70.6 0.28
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Collect monthly rainfall data and correct missing data

A 4

Formation of time series on a scale of 1, 3, 6 and 12 months

\ 4

Extraction of drought characteristics (severity, duration, and peak) using SP1™ index

A 4

Fitting of better statistical distributions on drought characteristics

\4

Calculate the cumulative distribution function

A 4

Coupling drought characteristics using the better copula function by nested method and
creating a trivariate joint distribution

!

Fig. 2- Flowchart of the research method
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Fig. 3— The time series of SP1™¢ index for Mashhad station
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Table 3- Results of bivariate and trivariate analysis of drought characteristics in the studied stations
axdllas 3490 SO (515 JLuSis sdascin b paiodw § 93 Julod 51 Juols zalG -V Jous

Best copula II\_/Iax!mum RMSE NSE Dependency .
ikelihood parameter Stations
Variables
((uv)w)  (uv)  (Uvw)  (Uy) (uv)w)  (uv) ((Uvw) @uv) (Uvw) v
HRT HRT -105.99 -100.58 0.100 0.13 0.85 0.80 1.07 0.87 Iranshahr
HRT HRT -117.34  -95.30 0.090 0.16 0.89 0.76 20.00 0.82 Bam
HRT HRT -313.21  -233.18 0.140 0.14 0.90 0.79 0.86 0.65  Torbat Heidarieh
HRT HRT -118.44  -103.38 0.070 0.17 0.94 0.71 0.78 0.54 Bandarabbas
HRT HRT -236.48 -218.26 0.008 0.08 0.87 0.70 20.00 19.00 Bandar-e- Jask
HRT HRT -237.29 -174.50 0.070 0.16 0.94 0.57 0.80 0.52 Birjand
HRT HRT -105.99 -164.49 0.105 0.08 0.85 0.95 1.07 0.76 Chabahar
HRT HRT -113.08  -92.94 0.090 0.15 0.90 0.79 0.72 0.62 Zabol
HRT HRT -386.71  -148.95 0.051 0.16 0.97 0.72 20.00 0.83 Zahedan
HRT HRT -324.39 -236.38 0.093 0.13 0.88 0.85 0.90 0.64 Sabzevar
HRT HRT -213.16  -161.90 0.093 0.73 0.90 0.17 0.91 0.57 Tabas
HRT HRT -186.33  -143.44 0.078 0.10 0.91 0.91 0.69 0.63 Kerman
HRT HRT -310.62 -224.05 0.098 0.08 0.87 0.86 0.97 0.65 Mashhad

Gde g b gly Jade @y bl p (boyd iS5l glao)gd
ko Sl )95 gl il 150 dpusles cls 93 (gl ISt
osme W]t (S5 ) JlSis ous oS b gy JSits
S Sl o) pgd b g (o8 5 D> Mie) S ol
S 5ol e il 1 (S, ) e oS s (gl luSits
Sy sosiaaly ly sade Sledbl cuiSil oy ()l
hb ol S glpea Of glie plusige Hld] > Jlusias
s S 42 0Lz e ol sl Jle plgisas md oo )3
50 o) b o8 JuSis bylys sy 3 O Wl ol ey
O 2 et L 093 S (el Al st 9 ¥ ) ol it g iy
5 b plo (ly eadge ol & wilin Jo A Loy s
(B=F) Ui )5 zgdgar paseie scuiSil 0)sd slil & e

Cw) 045 02D ULM.»

i e ol plg CaiS3l 0)93 ) o3litol L o pitasizs b
sl (6390 (5 ol S [l 093 (33055 Ol ilio (slas0,40
Al Fe g Fr ¥ e Ve cuiSib 090 (daios opl o 1Y
dole ol dgge soodls B adlae dyg0 (slrolKiam! (slp
Al Ve cuiSiloyed (sl depdio o] sl e Jlte plgisas 3)S
Slp il o 5 JSis @ud ol ¥ Cse 4 SUiS 090 (glp
Gde ly gy dlo £eo g 0 Fr (Voo Ve oSl oy
b Jlsis ©ud @nle 10 o VF OF OY ) b Jlusis
laojly ) > Jasiis Sy aslie W o 1) e & A iy
Sy a8 ol Lanb el Canss VIEY ply anle 5 s ¢l ailale

Al iy JLSizs S Vo o slaost

ol 005 03)91 (A=F) U > euiS il 0y9d 4 bgyye gl

15 . = 5 5
A 10 30 49 s

e 10}
E S50—]
g . 20 o 40,
— ;
T
= 10—
g P
® s 10

% 15

S 10
Drought duration (months)

Return period (years)

140

1201

g

o
S
T

L N s L s s s L
X 2 3 4 5 6 2k 8 9 T

Drought severity
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1- Root Mean Square Error

2- Akaike Information Criterion

3- Bayesian Information Criterion

4- Nash-Sutcliffe Efficiency Coefficient
5- Maximum Likelihood

6- Heavy Right Tail (HRT)
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