SB g ol cblis gl yiag s &yl
VAN Jgl 8 ylowd ¢ pwindd § Commns A
http://jwsc.gau.ac.ir
V\-Yo

Y 9ND > 90 (g 3 4 (TN U g bod b Al (90 Ll Al y (wy
(95505 55 20T 092 359 390 axdline)

el 5 doguans 5"l gy wela ol (i e s’ (S99 Sanea L) i
a8 S o (ls pl 05 8 Slslial (sl S ol (g ls sl 05 8 Al el IS wis el 2l
AVVIY o pdy el € AVINY il s f

S
e 5 JLSas ol ods sl gl el s Sl bis cilite ol 55 Bl a5 iue  adile
e O b lidlaa la el ol is adllae cpl by 5sd e oy 3iS 51 ol 3 Ol 4 o
LUl s p it cnl 5l Gds ol el (glls il o ol sla3ls sl 53 ege bole oS Lawilssy,
sden 5 g Sorpe Jl Ay, oy i85 Al s al oo e la b Sk s L gl bl
o 2o Sl ops3 Ik s il slaelSagl 53 al s atls (Sl s bes LB B sl e S e

g o3l s Gerle s 5 e SOLST e el s s Sl eslanad Lol s sl e g, g ol g
le.a;.j <+ ekasOlis b o3 jetld dd ale (:LTJES 5 08 Suw caw Sl s g woysy) ped) oK
5/ e sl oSl 4 by AU Gasli o 508 6 Sl wltagy b 0Lz 3 e
ol b SoL s sl s daly e sl AT R b el oSl @ b e yastls o 5k
S se JUEl (B, L OYAY BV b YT oy O3 35,08 5 sul e3 0 53 ol ool (22 55wl
0 Olpee SULL 5 L il b das e OLis (S gn pshads (B, i oy o S g0 s skalt 5 @ 50

Al IS L e

B U LW Vv | L S VE N1 | PR I.SU )i.:l.u ool s b Sl glassls bL,1 s tlaasl
Mwﬁ&m b\: QLL.: ‘uJUm J)}A LSLQ°L<:““""1\ o 4.:[._:' u"b u.a;-uj L;.:\J‘)L &)’d &.ﬂ_}m IR W Or
s SUT L 5 088 e laelansl Sl sladle 53 (Saan (pl &8 3503 55m5 dla £ 6) Glao,gs 3
B B AL AL E Glae,ss s el s 3L G oSl 28l 5 pltn) ladla 5 belasl ula 3 5

J:.J}Mjs)'\)\jm.&'.ﬂﬁob‘)}_}o))})éuo&mﬁ\)béJ)‘JJ}?;)QH L UA}LJJL;J;)L&&LA;LMA

s.m.seyedian@gmail.com 43 J yes



JJVSCJJ-\:p}c:j}“ﬁj‘)léue&mﬁ‘\)ﬁwdﬂ;& dle VY B A 033 3 Hpomed Lol s o8
O msten Ul e sl Ol 1 LSl g;xm&duo@%s;,\; S 08 S oKl s
QKJ?,\ML;LMK;M{\@Lﬁfsgjampjwduﬁw,k%\M;&gmgg&.;d@;u)m
LT 5 e £ 2S5l o3 LIYAO BATAY sladle 53 oys5) el £-F 6,55 55 \WAA B AYAS gladle s
b by i s G Sien romen Sl e 06 ) CES5L oy LY LYY ladle s
e ¥ 5 Y ool S iS5l o5 LATAY BIFA 5 YA BTN ladle 53 O Sa jed 5 035 SlaolSans]

el Wl Ve B A Sdedy S50 6,55 LIYAY BATVY 5 5 0PVA BAYVY ladle s bl s ol

ot e b 5 e il 3 et b (SWL DL el S WelKasl Ll 5 a5 L 1 pS e
Jau)\ .b)\b bj}:)gjmgﬁﬂda_fb 092 ‘-SLLA )ij-‘l:‘“““\-}a-f\) Ls_il.ﬁo)_ﬁb DL LAeK.:M..i\ )‘&M)JWML

CMN\V.A};MAJ:&ff)bjml’mﬁuo&mﬁ\)\&m:)bﬁbquhu_:ﬁu..a;-l.lru,u

Or e &7-}& Al g &}jﬂ Lo ‘A-LL.’, L “L;”U)Lf ‘;J:dehaj/j

53 g Jolo LOL > (pl L) S s 02
sl (L 5 e | Ele) o e
SO ¥ WORGEI K S O S YE TGV G 5 |
S ol Ll Al o SSE Gl ook gl
Glacls, 5l eslinal Sy, Oy e dex O
(SSS Gl e Ok s oled
Sy ks slais, 5 SASesr gove gl
Sl 5 ad a8, A Hysep csls S, Jold)
50 A x5 e bl 8, sla 2
sp ol L s Ol ey b mlr
S ol obs,y loesliad (g, oSG8
DSl e W0 4 O e &S g plles 5 pa 5
L bag e ol B SELS i
Sip A sl sy dinsad 4l S b6 b
G me O SSE YL iy edle
03 el Ghgs SRSl Dp g 3 g e e A
SS& 3 1y Kiass S ol Ly e ailae

.,\.\SJ)_}TJJA.LL_:. Lﬁ'fb

EVRT

Sler sl s ol Gl RS ¢ s L

Lo Sler sl ale s Ol s
ok ohl b SUL 5 & s Bn s
Jelse 5 s LB b Sl l (F0) e
sl 23 aailbiag,; 0L > oo Ll (SO54s 0
o3 et cpl by ool s 3 Lgba;.j Ck“
©odolss ol (SO Ly, s n 25
Oz (T 5 ) sl ods b g (S 5d 50
wli 25 5 e 0L 4 Ulge 1) abiay,
e Sl e L Ll oS
sl 5 il o S 2nd 5 OLL ) el
i ol SUlx 5l Ul sl s
G oal 2 dseme sba () WL e (Liaaiar)
Shadss Jlde @ 5t 5 0o e 568 OLL
sl gla iasn ol Kt wed ) slao]
s b oW Saes w0l o ol 03l OLES
slwl ayepl SO 5 YY) 0) syl s 5 O

B A.LL: =P a}:JA.g M..:Li-bj) QL’J> & Sldlas



Ol 9 (595 (ume LSy s

SOST 238 A G, 5l bas e Sasas
O wes = sl |y BFLygy y5las 5 03 505 eslanal
(88) syl Cowsay +/VAE L v/YON

BV U Y PN PRp e
cladle 53 0T 5l 5 ol Ol 56 5
bl oo bl s ol sy G SKiasy )
ot Mo S s b aler s ST slaparls
Lol s ol Sluis 5wl o0 Ly, Ol
Lol Sl el e slaisy Sl eslind
il 5 O S, Jow il Sl
Sl S g 01 il S el
B i b e Osesl SIS = e 0505
Bl ol > ilitsen ey Slags e (S g
cilize gla s s Lol a8 S s
5P aAes Sk s 6l el e (L
(10) ol Bl o e 3 e ol 31 S
by 3l eslizal L (Vo) VS 5 Lals
OLS aS 5 5538 )5 o) YU 5 (g el LU aless
L, dlabe o3 aS 5 o8 slacand ;> a5 Losls
SV 5 ds s 40 sl c]a.d 03 Solsgae Jop
WD 03 e Ny B slacend s Ll ool
WLer 5 Sl (78) w5 K sdalis slabe
3y &g, oo s SoL s Ly, (YY)
55 ans KL wlssy, b 4> el 5l gslaws
Sl mls 5 kS en b g S
ool B R et g S Yt Ve L]
OY) 5 g

Ly wold gl (700d) oles 5 JbS
&L O g3l 3G el ULl L s 0L
Sl Ghls & ] oKl ¥V s JIAS —

1- Spearman’s ratio
2- Man-Kendall Test
3- Sen Test

4- Wavelet transform
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1- Continuous wavelet transform (CWT)
2- Discrete wavelet transform (DWT)

3- Mother Wavelet

4- Cross wavelet transform (XWT)

5- Wavelet Transform Coherence (WTC)
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Table 1. Characteristics of hydrometric stations in the watershed Gorganrood
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Figure 1. Geographical location watershed Gorganrood in Golestan province.
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1- Base Flow Index, BFI
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1- Recession Curve, RC
2- Master Recession Curve, MRC
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3- Wavelet Power Spectrum
4- Wavelet Coherence
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1- Morlet wavelet
2- Modulated
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Table 2. Parameters related to the main recession curve and the maximum base flow index in Eckhart method

at stations.
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Table 3. Annual Statistical Characteristics of Base Flow Index, based on Eckhardt Method.
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Figure 2. The continuous wavelet of studied stations in the period of 1981 to 2013: (a) base flow index, (b)

rainfall, (¢) temperature.
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Figure 3. Wavelet coherence of studied stations from 1981 to 2013. The left Figurs is Wavelet coherence
between rainfall and base flow index and the right figures is Wavelet coherence between temperature and base

flow index.
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Abstract

Background and Objectives: Climate change has changed meteorological parameters in
different parts of the world. Drought and water scarcity may lead to crisis in many countries.
Therefore, the study of the past meteorological parameters changes and their effect on river flow
which is a key element of water supply is important. The purpose of this study was to
investigate the relationship between temperature and rainfall parameters with base flow index
using continuous wavelet transform and wavelet coherence in Gorganroud River Basin.

Materials and Methods: At first, we used the base flow indices resulting from the Eckhart's
two-parameter method and then the base flow index which is the portion of groundwater in river
surface flow, was calculated at six gauge stations (Tamar, Lazoreh, Nodeh, Arazkooseh, Gorgan
Dam and Taghiabad). The results illustrated that the lowest annual index found at Taghiabad
gauge station with a value of 0.30 and the highest yearly baseflow index found at Tamer gauge
station with a value of 0.66. Then, the annual trend of temperature and rainfall were investigated
with base flow index of each station in Gorganroud River Basin during a period of 33 years
(1981 to 2013) using continuous wavelet transform and wavelet Coherence. An analysis of
wavelet coherence analysis showed a strong relation between temperature and rainfall with
base flow.

Results: Our analysis reveals the impact of yearly temperature and rainfall on the base flow
index. Investigation of wavelet coherence between rainfall and base flow index showed that
there is the highest correlation between 1-4 year period length, which indirect correlation was
observed in the middle years of Gorgan dam and Taghiabad stations and positive correlation in
other stations and the early and the end years of Tagiabad station. Similarly, a direct relationship
exists between the rainfall and the base flow index in the 4-8 year period length, which are
direct at Lazooreh and Nodeh gauge stations and indirect correlation in Tamer gauge station.
Also, in the period length of 8 to 10 years, the high correlation between rainfall and base flow
index were found at Arzokesh and Nodeh gauge stations with lower correlation at Sadgegran
gauge station, which arrows direction indicated direct relationship. The analysis of the wavelet
coherence between temperature and base flow index exhibit positive and high strength
correlation at Gorgan dam gauge station in 2005 to 2009 in 3-4 year period length, at Lazorah
gauge station in 2002 to 2006 with 4 year period length and at Taghiabad gauge station in 1984
to 1989 with period length of 1 to 5 years. Indirect correlations were found at Nodeh and Tamer
gauge stations between 1987 to 1990 and 2011 to 2013, respectively, with a short 2-year and
3-year period length and Taqiabad gauge station between 1993 to 2000 and between 1992 to
2013 with a long-term period of 8 to 10 years.
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Conclusion: The rainfall relationship with the base flow index can be direct or indirect due to
the watershed characteristics (e.g., human activities, soil, land-use, climate, hydrology, and
geology). Also, in some stations there is a direct relationship in the periods and indirect
relationship in the rest of the period. The relationship between the base flow index and
temperature is also indirect in some of the stations.

Keywords: Base flow index, Continuous wavelet transform, Temperature, Wavelet Coherence
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