ol O zebio ol
Iran-Water Resources
Research

Evaluation of Spatio-temporal Changes of Flow
Duration Curve Seasonal Indexes (FDCSI) in
Four Decades in Namak Lake Basin

Z. Sheikh?, M.R. Yazdani®*, and A. Moghaddam Nia®

Abstract

Low flow is an important component in investigating the available
water, especially in arid regions, which is applied to manage
hydrologic drought and to reduce its impacts. The spatiotemporal
changes of hydrological drought phenomenon were investigated in
Namak Lake Basin in the present study based on Flow Duration Curve
Seasonal Indexes (FDCSI) including Q70, Q80, Q90, Q95 and Q99.
For this purpose, 18 stations with the maximum long-term data (43
years) were selected and FDCSI values were extracted for summer
(June to November) and winter (December to May). Nonparametric
tests including Mann-Kendal, Modified Mann-Kendal, and Sen Slope
Estimator were performed to determine the time trend. Furthermore,
Hurst exponent was applied to investigate the long-term memory.
Based on Hurst results, most of the time series had memory but
uniform patterns were not recognized for them. The significant
decreasing trend was identified based on summer and winter seasonal
indexes at 55-66% and 38-50% of the total stations, respectively. In
addition, a slightly increasing trend was observed at 5-11% of study
stations at a significant level of 95 and 99%. The evaluation of the
results of seasonal indexes showed that summer flow experienced
more serve drought due to lack of base flow during 1970-2012. Severe
decline trend during the summer season might occur due to the
temporal patterns of rainfall, increasing evapotranspiration, and
finally, over-harvesting of surface and groundwater resources for
agricultural purposes. Despite the drastic changes in topography, and
climate and consequently hydrologic regime at the basin, the spatial
distribution of observational trends showed that the declining trend
was distributed homogeneously all over Namak Lake, except its
northeastern part. Rainfall regime, inter-basin water transfer (IBT)
projects, agricultural lands drainage, industrial and household
wastewater have played an important role in the observed positive
trend in the northeastern region of the basin during four decades. The
results indicated the importance of considering seasonality in low flow
indexes; which makes a better reflection of the role of the effective
driving forces and as a result, optimum management of streamflow is
achieved during the persistent dry periods.
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Table 1- Selected hydrometric gauging in Namak Lake basin with their characteristics
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Fig. 2- Monthly hydrographs of selected stations a) Jalayer, b) Seira

L (2 9 2Vl (W1 aolRinns] y3 6o (gLacd 59 b yl3gei —F JSCud

I Ll Y 85lowd (o3 35l Jlw ol ! S aalio Sl
Volume 15, No. 2, Summer 2019 (IR-WRR)
2



250

160
140 °
200 ]
120 .
150 100 4 . o L4
T ] . E .
E e o T o ® £ 80 e 8 o o
= 100 4 3 o $ ° 3 . .
3 3
£ $ S €0
2 [ ] = | § .
50 40 .
.
.
111l “1 ¢ »
.
S : 14
o A X e '
T T T T T T T T T T T T T T T T T T T T T T T T
Sep Agu Jul  Jun May Apr Mar Feb Jan Dec Nov  Oct Sep Agu Jul Jun May Apr  Mar Feb Jan  Dec MNov Oct
(a) (b)
180 200
60 *
180 4
.
140 4 . . 150 - .
* o L
120 4 . L ]
20 L4 ° L | « 3
A . . . s 8 , .
£ 100 4 M 'Y . T 100 4 .
E . £ . .
= 80 . . = .
E * £
& g0 4 2 50
.
40
. 1
n] o ] 42
R
ol & E 3 . s
————r——————————+———— —_—
Sep  Agu  Jul Jun  May Apr  Mar Feb Jan Dec Nov  Oct Sep  Agu  Jul Jun May Apr Mar Ffeb Jan Dec Nov Oct
140
120 - .
100 A .
.
£ 80 .
£ * .
3 60 e . : .
£ ¢ ®
3 . ']
@ .
40 4 H
.
L ]
20 4 "
NP 1 s
Sep  Agu  Jul Jun May Apr  Mar Feb Jan Dec Nov  Oct

O
Fig. 3- Box-plots of monthly rainfall amounts in selected meteorological stations during 1970-2012 in Namak
Lake Basin (a) Hamadan, (b) Mehr-Abad, (c) Arak, (d) Qazvin, (¢) Kashan station
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Table 2- Annual and seasonal climatic parameters in selected meteorological stations in Namak Lake Basin
Yekom Consulting ) Stes daly y> abgs gdaw 10 Codio owlnilgd oluw] Juad g a¥lw codldl ol ppiio - Jou>
(Engineers, 2012b

Climatic Parameter Mehr_Abad Kashan Hamadan Qazvin Arak
Summer 683.60 451.10 656.90 608.60 534.50
Spring 649.40 454.20 515.90 513.00 486.80
*ETP Winter 200.00 144.10 145.90 151.80 146.70
(mm) Fall 221.40 124.80 189.60 172.80 163.20
Annual 1754.40 1174.20 1508.30 1446.20 1331.20
Summer 4.82 1.09 7.00 4.51 3.13
Spring 49.30 29.23 87.13 84.11 81.41
P Winter 116.51 70.83 140.45 136.24 152.25
(mm) Fall 74.23 33.89 97.40 101.44 98.82
Annual 244.86 135.04 331.98 326.30 335.61
Summer 28.29 30.33 22.20 24.74 25.14
Spring 21.98 24.55 15.42 18.31 18.47
Tean Winter 6.47 8.18 -0.72 355 2.75
(°C) Fall 11.91 13.05 5.92 9.28 8.83
Annual 17.17 19.03 10.71 13.97 13.80

Based on Penman-Monteith method *

Table 3- Statistical characterizes of FDCSI values during summer and winter seasons
Ol 3 5 G (S Jaad b FDCSI y3lio (5,lf Cluoguas -Y Jguo

Flow Min Max Mean

Index (m¥s) (m¥fs) (mfs) Kurtosis Skewness CVv SD
Qwro 0 19.20 2.05 9.09 2.59 1.36 2.80
E Quso 0 17.55 1.54 9.77 2.55 1.36 2.09
£ Quao 0 10.48 1.08 7.57 2.38 1.46 1.57
= Ques 0 10.07 0.88 8.87 2.57 1.57 1.38
Quwoo 0 9.37 0.71 9.25 2.65 1.69 1.21
o Qs7o 0 9.79 0.67 10.04 3.04 2.14 1.44
g Qsso 0 9.65 0.61 10.87 3.11 2.20 1.34
£ Qo 0 9.58 0.55 12.61 3.26 2.27 1.25
& Qs 0 9.57 0.52 14.00 3.38 2.32 1.20
Qso9 0 9.57 0.49 15.37 3.49 2.37 1.16
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Fig. 4- Logarithm of standard deviation of aggregated time series (Log (Rn/S)) versus logarithm of time step
(Log (n)) in Yalfan station based on (a) Qs7o, (b) Qses indexes
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Fig. 6- Values of ACF, PACF and L jung-Box statistic (output of EViews software)
(EViews ,13810 5 93) wSb Sigd 0,lol g PACF ACF y5lie —F JSUS

L)li)> LSJO AW L;:L»LM» um.mlf Jug) ol ULM) Lbd\.ﬂl) u;])JDBM.C
oololyy 4 gpgkar fal l)55 5 (VL Cad Wl aieS

DS 2o 3 § e o j3 dalS gladsgy |y o jlo sixe
N

JWS=oe by 93 @ Cams SSE gy F g el
s Jloinl o 53 0 (Ll )3 gime (Slasig) S (2 5 i
I 35, SSE s MMK MK s, aus o 03l o I3 1y 1o
by ade gaw ) (Jad aeS gl polie 3 ials
gy 3l Sl Hba mrew (le opl & Wb sl 1) S
)5 e Fote Wles) ol 4 Cond ok saalie otalS

I Ll Y 85lowd (o3 35l Jlw ol ! S aalio Sl
Volume 15, No. 2, Summer 2019 (IR-WRR)

¥4



Table 4- Percent of stations with identified significant (increasing or decreasing) trend based on MK, MMK
and SSE methods

SSE ¢ MMK (MK (gla yigy (wlw! g (oS b (ouis1331) ud s lwlind JId oo wigy b ol w0 yd —F Jouo

SSE MMK MK
Flow Index Increasing Decreasing Increasing Decreasing Increasing Decreasing

(%) (%) (%) (%) (%) (%)

Qwro 16.66 72.22 5.55 50 5.55 55.55

S = Quso 11.11 66.66 5.55 44.44 0 44.44
£ 2 Quwso 11.11 72.22 0 50 0 44.44
S Quwes 16.66 61.11 5.55 44.44 0 44.44
Qwoo 16.66 61.11 11.11 38.88 0 44.44

Qs7o 16.66 77.77 5.55 66.66 5.55 61.11

E > Qsso 11.11 72.22 11.11 55.55 5.55 66.66
= = Qs90 16.66 72.22 5.55 55.55 5.55 61.11
a - Qso5 11.11 72.22 5.55 55.55 5.55 66.66
Qs09 11.11 66.66 5.55 50 5.55 66.66
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