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1- Auto correlation Lag-1,2,3,...
2- Double mass
3- Run test

J \‘{9—""“’ L;IL‘*‘S‘“’ ol Lr"-; 9 Lr"s Lﬁl—.i})‘ dl)—-’
oolaw! L.u.) )_.wl).w » JW ua.>L.w U‘?"& 4 dLmu»L»
(L) sl alisee gla s ls asds gla o b 2gd o
S XA ) Conl 4Bl drwy JsSis Lo 9 Gl
) Sl 0318 jalay Bl drwgy VAAY Jlo o oK
49 (\‘\ 9 Y. ‘A) 4_«3; )l)J oola_wl d)90 w‘.w)b.tb L;Lw.{w.o
Sae g S 25l 5 i) gl 4Ll s o)l olsie
Jlw 33 (V) ohlken 5 ollee ol (A) cwl a6 Jlusis
Ol e s JlSis iz slaasls obj)l 4 YAy
YL Cjo g 4ty S ege (gilwand by il edlitel |
03latul Cgdgase 4y g 03l H)8 WS 550 |y SPI (sl I eolazl
sl 5l aaes JoB Glypol il Jds 4 RAL (2305
650> adlllas ;> 153505 o)Ll ¢ nb slatin] b 1 sl )50
G lisee glamdls LS WYAY Jls 0 (YY) o)Sen 5 (6ym
Sloslatwl Uy joiS” 5y gin o |y RAI SPI ales 5l JlusSis
Oluis g oaly 48 aalllas 3y 0 (WAL JINYF) 50l glaoals
et oy L Loyl o (S 50 RAL 23l a8 350l
odly ULJ.; »e L&:ua>lm )§;.> & Cuwd l) ujw u.’l;))' LSJYLI
Sl Laol&us! 4251 50 SPI-RAL 0uis o5 (sloadli (picred g
VS RSV SV SR CIP VRIS | (R COWONY
C)l).ll_g 9 9)1).» Al g cdiged 019.& 4 (A\c 9 Oe FA XV XY YA
o=l b sl bkl 3 (JLsSis $g) (o) & (FA) il
oY slaJlw (b Jusas polie )8l 5l glis gaioo
gy L;l_aaﬁ )P A (;\) ul)Li,on 9 gi_:l) Cwl 0dg Yooo
u?—ﬁ)i )l odlauw! l_: 9 SPI uabl_»:: u,uLwl 2 S 95 L5L°°)9D
Ay oliglaas gy e 50 )b alogy ases 40 ool IS — e
Seid a4 S Wby Jgad 3 ade (pl 4 ) dx o
Ohles 5 SUIj (izmen 3> (Jlo i 4 Gial)S Gl Jad 55
o dilllo (Sl Lials asm sy flas (6,505 adllas (o (FY)
0403,5 liame; Jmad jd cpe g JlSis Sy il
o Jlad (Seidaien JLSis (1Y) olSan 5 S5 o
aalllas 5590 (PNPI) Jloy (5, duoys (aslis 5l eslazwl b1y ol
03920 30 (Selgyln JluSis (S5 a8 woly lis 500l l,8
2581 g ol 4zl iol3 8l b3S Jlw Y Job )0 aslllas 350
oz (o5 159y gy SIS =0 (g3l el ol
Fasitd Sl K9y oy p & () e 5 6 b il oo
B Ly sl B9y 9 NS g0 g, 5l oolial b ol (558
Serg b gl a8 Wl LS g sy ol e (Siuod 245 il
b e ulue bodly I3 Siuned ol



POV

e ginS 938 Jlols (Jlu i g (Jlusis glro,g0 (G0 9 (Gilo) Ol i Wigy Judend

H—I‘ E -Il’.l" E 48]‘ E ',n: E 52:' E
‘i‘é J/’ é;.,;;;;’ﬁ\l 4
i ke o = ool b
! QJP # . “\_\ [ & \\
Ly L St W N k| ‘“ . -
I . il =t
e b ila 4 lla A -
i\\ 4 - 4 & » i \
(} PO el g 2l \
t I * = _<J>-\‘ \
= | Rl YL, 3T e e o |
# L‘;ﬂn—- E: + $"’ij 2
E-'f ? *mj Ol (\\-—E
o] ity ) {(
,j s e
| I s o -
-4 i Has, o ) -4
’ ¢ i
A
z 'F(-«@;{ (‘L,(/ z
M—I'-‘E 46‘“‘!-: -1-8“E SIJ"E SZI“E
adlxo d)90 dubmi ‘_g‘.‘.:ﬁl)» un.gé,o -) JS.w
Figure 1- Geographical location of selected stations
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1- Standardized Precipitation Index (SPI)
2- Probability Plot Correlation Coefficient
3- Wilson -Hilforty
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Table 1- General characteristics of synoptic stations and statistical properties of annual rainfall data (1986-2010)
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Table 2- Common quantitative classification of drought indicesfor different dry and wet periods
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Figure 2- Time series of SPI and RAI indicesin three stations of Maku, Gom and Marivan

a
.
; |
o i}
o U i __ B Sl .
= ]
5 i
"
— —
-3
-4 T T T T T T T T T T T T T T T T T T T T |
Kol [+ BN =, TN o B o v, B it M oS ¥ RO N TR S o o R S oo T oy BN oo B o B, SR ¥ R = N ool o S &, S o
0 0 08 O O Th O S O O O O O D D S O o D D S S O o
(=L =) o [ T L T = e R = A =) [ S T T o S i S it S ot i S i E ke E i B B s N ke R e )
N = — ™ = = A = = o o o =N NN N M NN M

B
|
—

e
=

-4 -+ -

-6 -+ L

-8 U T T T — T T T T T T T T — T |
T = B B Y TRV~ B SO < B~ N = S R B R RV, W B U= Y =
R R N I T = N~ = S~ = TR = MY S S~ R =S T — S N T S
S S = = N U~ M R S S G ) S B N et B S S = S S <3 S S )
e I B R T T T B R Y T T = T B T o T B B

axlllan 3,90 (oK) alS D RAI g SPI s yad Wi palde -V JSUS
Figure 3- SPI and RAI time seriesin all stations
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Table 3- Statistical values of common (MK-1) and modified (MK-2) Mann-K endall with consideration of significant
autocorrelation coefficients

oy plUglyady cepd ik o pd b odgue

. LB Seed I e (S Ngod MK-1 MK-2
ol ojlowd | ag-i significant Significant ~ Confidence limits
Station autocorrelation autocorrelation of autocorrelation
number ombas Yihs
SP RAI SP| RAI Lower Upper Z(SPI) Z(RAI) Z(SPl) Z(RAI)
bound bound
11 3 3 -048  -0.45 -045 036 -1.12 -112 -1.89 -1.79
1-2 - - - - - - -1.85 -1.85 - -
1-3 1 1 0.45 0.47 -0.43 035 -278 -278 -2.08 -2.06
1-4 1 1 0.46 0.43 043 035 124 124 092 093
1-5 - - - - - - -0.98 -0.96 - -
21 - 1 - 0.41 043 035 -133 -1.33 - -1.02
2-2 - - - - - - 012 -0.07 - -
2-3 - - - - - - -093 -0.96 - -
2-4 - - - - - - 107 110 - -
2-6 - - - - - - 124 -1.24 - -
31 - - - - - - -0.16 -0.21 - -
41 - - - - - - -0.37 -0.37 - -
4-2 - - - - - - 0.00 -0.02 - -
4-3 - - - - - - -0.02 -0.02 - -
51 - - - - - - 224 2220 - -
52 - - - - - - 114 -1.14 - -
6-1 - - - - - - 026 0.26 - -
6-2 - - - - - - -0.35 -0.40 - -
6-3 - - - - - - 042 0.40 - -
7-1 - - - - - - -044 -0.40 - -
7-2 - - - - - - -061 -058 - -
81 - - - - - - -0.86 -0.86 - -
91 - - - - - - 002 002 - -
10-1 1 - 0.36 - -043 035 -238° -241" -187 -
10-2 1 1 036 037 043 035 -252° -257 -1.86 -1.95
10-3 - 1 - 0.36 043 035 -156 -1.56 - -1.22
10-4 - - - - - - -278 -278 - -
111 - - - - - - 206 208 - -
11-2 - - - - - - 217 217 - -
11-3 - - - - - - 114 -1.14 - -
11-4 - - - - - - -229° 231 - -
12-1 - - - - - - 021 -021 - -
12-2 - - - - - - 079 -0.79 - -
12-3 1 1 0.38 041 -043 035 -1.35 -1.35 -1.05 -1.03
13-1 - - - - - - -1.31  -1.33 - -
13-2 - - - - - - -0.07 -0.05 - -
14-1 - - - - - - -0.02 -0.02 - -
14-2 - - - - - - -0.82 -0.82 - -
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Figure5- Lag-1 autocorrelation coefficient of SPI and RAI time seriesand their relationship with Lag-1 autocorrelation
coefficient of annual rainfall data
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Z values of SPI and RAI drought indices based on SPI and RAI indices
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Figure 9- Theil-Sen’s slope values based on SPI and RAI indices
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Table 4- Theil-Sen’s slope values of SPI and RAI indices

ol oled  psply g (RAI) oheal ol poply B (RAI)
Station number Station number
1-1 -0.035 -0.089 7-1 -0.014 -0.029
1-2 -0.053 -0.134 7-2 -0.024 -0.049
1-3 -0.083 -0.173 81 -0.028 -0.067
1-4 0.047 0.100 9-1 0.006 0.013
1-5 -0.015 -0.040 10-1 -0.062 -0.155
2-1 -0.037 -0.103 10-2 -0.051 -0.130
2-2 -0.009 -0.015 10-3 -0.049 -0.100
2-3 -0.027 -0.051 10-4 -0.077 -0.162
2-4 0.030 0.068 11-1 -0.058 -0.128
2-5 -0.058 -0.144 11-2 -0.056 -0.123
2-6 -0.036 -0.074 11-3 -0.037 -0.082
31 -0.010 -0.016 11-4 -0.064 -0.146
4-1 -0.012 -0.022 12-1 -0.008 -0.012
4-2 0.001 0.001 12-2 -0.035 -0.072
4-3 -0.002 -0.004 12-3 -0.042 -0.084
51 -0.072 -0.156 13-1 -0.040 -0.096
5-2 -0.036 -0.092 13-2 -0.001 -0.003
6-1 0.008 0.016 14-1 -0.002 -0.002
6-2 -0.011 -0.027 14-2 -0.026 -0.070
6-3 0.010 0.026
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Introduction: Droughts are natural extreme phenomena, which frequently occur around the world. This
phenomenon can occur in any region, but its effects will be more severe in arid and semi-arid regions. Several
studies have highlighted the increasing of droughts trend around the world. The majority of studies in assessing
the trend of time series are based on basic Mann-Kendall or Spearman’s methods and no serious attention has
been paid to the impact of autocorrelation coefficient on time series. However, limited numbers of studies have
included the lag-1 autocorrelation coefficient and its impacts on the time series trend. The aim of this study was
to investigate the trend of dry and wet periods in northwest of Iran using Mann-Kendall trend test with removing
all significant autocorrelations coefficients based on SPI and RAI drought indices.

Materials and Methods: Study area has a region of 334,000 square kilometers, with wet, arid and semiarid
climate, located in the northwest of Iran. The rainfall data were collected from 39 synoptic stations with average
rainfal of 146 mm as the minimum of Gom station, and the highest annua rainfall of 1687 mm, in the
Bandaranzali station. In this study, Standardized Precipitation Index (SPI) and Rainfall Anomaly Index (RAI)
were used for trend analysis of dry and wet periods. SPI was developed by McKee et a. in 1993 to determine
and monitor droughts. Thisindex is able to determine the wet and dry situations for a specific time scale for each
location using rainfall data. RAI index was developed by Van Rooy in 1965 to calculate the deviation of rainfall
from the normal amount of rainfall and it evaluates monthly or annual rainfall on alinear scale resulting from a
data series. Then, correlation coefficients of time series of these drought indices with different lags were
determined for check the dependence or independence of the SPI and RAI values. Finally, based on dependence
or independence of the time series values, trend analysis of wet and dry periods was conducted in different
stations using one of the basic or modified Mann-Kendall tests. Also, the magnitude of the trends was derived
from the Theil- Sen’s slope estimator.

Results and Discussion: Time series of SPI and RAI drought indices for a given annual rainfall as an
example for three stations of Marivan, Gom and Maku show that during 1991 to 1994 and from 2002 to 2007 are
in wet period and during 1987 to 1990 and 1998 to 2001 are in the dry period. It is clearly show that, dry and wet
periods in RAI index are more severe than SPl. Comparison the correlation between Lag-1 autocorrelation
coefficients values of SPI and RAI time series and Lag-1 autocorrelation coefficients of annual rainfall data
indicate that these correlations are high and about 0.97 and 0.99, respectively. This difference is due to the
different classification of SPI and RAI drought indices. The results of trend analysis indicate a decreasing trend
in most of stations. Also, Mann-Kendall statistic has been declining while eliminating the effect of all significant
correlation coefficients of dry and wet periods. This result in both SPI and RAI indices are similar and have a
high correlation with R = 0.99. According to results, west of the study area have a significant decreasing
(negative) trend. The spatial distribution of dry and wet periods showed that the difference between Mann-
Kendall statistics of SPI and RAI indices is minimal. Also, The results show that, the slope of the trend line
based on the SPI and RAI drought indices is negative in most of stations and correlation between these two
indices in determining the slope of the trend line is high. But, this correlation compared with the trend statistics
of SPI and RAI time seriesis|ess.

Conclusions: In this study, first the time series of SPI and RAI time series based on annual precipitation and
common quantitative classification of mentioned two drought indices were determined. Then, trends of dry and
wet periods of selected stations in northwest of Iran were evaluated based on these indices using the Mann-
Kendall trend test with removing al significant autocorrelation coefficients. The results from this study indicate
that using Mann-Kendall test with removing all significant autocorrelation coefficients effects are essential in
assessing trend in time series. Although, according to various studies available in the literature, SPI is known as

1, 2 and 3- Associate Professors, Ph.D. Candidate and Assistant Professor Department of Water Engineering, Faculty of Agriculture,
Urmia Univeristy, Urmia, Respectively
(*- Corresponding Author Email: Babak.amirataee@gmail.com)



PVY o eiS Op Jled Jluy g JluSis slooysd Ko 5 (lo) &l puki wigy Julows

more accurate than RAI in drought mitigation, but according the results of this study, can solely be used both
RAI and SPI index for trend detection.
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