Environ. Water Eng., 2022, 8(2), 379-394

DOI: 10.22034/JEWE.2021.297503.1602

|
p

EWE

s

Environment and Water Engineering

Homepage: www.jewe.ir

ISSN: 2476-3683

Research Paper

Efficiency Assessment of Baseflow Separation Methods in Gol-Gol
Catchment, llam

Forozan Azarinvand!, Mohsen Tavakoli?* and Haji Karimi?®

IM.Sc. Student, Department of Range and Watershed Management Engineering, Faculty of Agriculture,

Ilam University, Ilam, Iran
2Assoc. Professor,
Agriculture, llam University, llam, Iran

Department of Range and Watershed Management Engineering, Faculty of

3Professor, Department of Range and Watershed Management Engineering, Faculty of Agriculture, llam

University, Ilam, Iran

Article information Abstract

Received:
Revised:
Accepted:

July 30, 2021
October 24, 2021

October 30, 2021 this purpose,

Keywords:

Base Flow Index

Eckhart Method
Hydrographic Analysis
Lyne and Hollick Method

*Corresponding author:
m.tavakoli@ilam.ac.ir

00!

I
[=]y ¥

In this research, the baseflow at the Gol Gol station, as a part of the Ilam dam
watershed from 1991 to 2015, was separated from the entire river flow. For
WETSPRO methods,
numerical filters for continuous flow with porous and rocky aquifers, and
using flow index and WHAT software with different filtration coefficients
was used. To compare the methods and to select the most appropriate method,
the BFI index was used as an observational baseflow. Based on the results
obtained, the baseflow occupies a major part of the total flow. The mean of
the total flow rate was 1.945 m?%s and the mean of the baseflow index was
1.445 md/s, which indicates the permeability of the watershed. RMSE, MAE,
and Nash-Sutcliffe criteria were used to evaluate the efficiency of the
methods. The results showed that the Lyne and Hollick method based on
WHAT software had the best result and then followed by Eckhart for
continuous flow with a porous aquifer with a significance level of 0.742,
mean 1.250 m¥s, with a confidence level of more than 95%. Therefore, the
Eckhart method can be considered suitable for continuous flow with a porous
aquifer with a filter coefficient of 0.990 due to the proximity of the mean

one-parameter and two-parameter

baseflow in it to the mean of the baseflow index.

© Authors, Published by Environment and Water Engineering journal. This is an open-access

article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).

© ° fo

Introduction

Because of the water crisis in the world, planning
for conservation and optimum use of water is one
of the most important plans and priorities. In the
Middle East and Iran, because of the geographic
location, most of the areas have arid and semiarid
climates, and nowadays water resources faced
several limitations. Because of the importance of
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base flow for planning and usage of low flows,
base flow separation is one of the most important
issues of hydrograph analysis, because of
topographical, geological, climatological, and
human activity variations. Between different
parts of hydrology, hydrograph analysis of base
and surface flows is one of the applied and
important ones. Since base flow separation using
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chemical and radioactive tracers methods is
costly and time-consuming, statistical models are
common. llam dam as a source of fresh water for
Ilam city is located at the outlet of the catchment,
it has an important role in the drinking water
supply. There are several methods for baseflow
separation and in this study, some methods have
been evaluated for this aim and the best method
has been suggested for the Gol-Gol sub-
catchment as a part of the Illam dam catchment
and similar catchments.

Materials and method

In the current study, baseflow has been separated
at Gol-Gol station, as a part of the llam dam
watershed over a 25-year period (1991-2015). To
this end, WETSPRO methods, Lyne-Hollick
based on flow index (LHBFI), Lyne-Hollick
based on software (LHWHAT) Eckhart for the

perennial stream with porous aquifer based on
flow index (EPBFI), Eckhart for the perennial
stream with rocky aquifer based on flow index
(ERBFI), Eckhart for the perennial stream with
porous aquifer based on software (EPWHAT),
Eckhart for the perennial stream with rocky
aquifer based on software (ERWHAT) with
different filtering coefficients have been used.
Due to the lack of observed data of baseflow in
the catchment, the BFI index was used as the
observed baseflow for comparing the methods,
and selecting the most appropriate ones. In the
end, the performance of the applied methods was
evaluated using graphical and statistical methods
and techniques (Root Mean Square Error, Mean
Absolute Error and Nash-Sutcliffe efficiency) for
baseflow separation.

Table 1 The characteristic criteria of base flow by different methods using different filters

Method o o . Base flow (m¥/s)
Statistical criteria Total flow (m?3/s) 0995 099 0975 095 0925 09
Mean 1.945 114 121 1369 149 1546 1.582
LHBFI Maximum 152.07 6.06 873 167 278 36.75 43.19
Minimum 0.013 001 001 0.01 0.013 0.013 0.013
Mean 1.945 0.78 0981 1.228 1.382 1.45 15
LHWHAT Maximum 152.07 4.6 774 1441 254 3404 416
Minimum 0.013 0.013 0.013 0.013 0.013 0.013 0.013
Mean 1.945 046 047 0479 0481 0.483 0.484
ERBFI Maximum 152.07 1.7 265 517 846 1087 13.11
Minimum 0.013 001 001 001 001 0.01 0.01
Mean 1.945 1219 133 143 148 149 1508
EPBFI Maximum 152.07 13.19 21.87 3858 56.21 66.89 76.08
Minimum 0.013 0.013 0.013 0.013 0.013 0.013 0.01
Mean 1.945 0.385 043 047 047 048 0481
ERWHAT Maximum 152.07 1684 264 517 846 10.82 13.59
Minimum 0.013 0.012 0.011 0.010 0.008 0.007 0.006
Mean 1.945 1105 125 139 145 148 149
EPWHAT Maximum 152.07 12.07 19.97 36.78 55.15 65.52 74.86
Minimum 0.013 0.012 0.012 0.012 0.012 0.012 0.012
_:k 30
2 25
E 20

ERBFI (0.9)
—— ERWHAT (0.925)

ERBFI (0.925)
—— ERWHAT (0.950)
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Fig. 1 A sample of base flow separation by Eckhart method using different filters and rocky aquifer
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Results

Results indicated that the base flow in this basin
comprises a large portion of the total flow.
Results also show that in the studied catchment,
the mean total flow has been calculated as 1.945
m3/s while, the average baseflow index was
calculated as 1.245 m?s showing a permeable
condition in the catchment. In this research
RMSE, MAE, and Nash-Sutcliffe criteria have
been used for statistical evaluation of the
efficiency of the methods. The results revealed
that the LHWHAT method with a coefficient of
0.975 and the Eckhart method for porous aquifer
(WHAT) with a 0.990 coefficient, with a
significance level of 0.742, a mean of 1.250, with
a confidence level greater than 0.095 had the best
results. Tablel shows the characteristic criteria of
base flow by different methods using different filters.
Moreover, Fig. 1 dipcts a sample of base flow
separation by Eckhart method using different filters
and rocky aquifer.

Conclusion

Baseflow as the amount of water which flows all
of the times, it is important for environmental
engineers and also for water resources managers,
and need more attentions. Referring other related
studies, methods for baseflow separation are
different and every catchment has specific
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conditions which need to be investigated to
specify suitable method of baseflow separation.
As the main result of this research, it can be
concluded that the EPWHAT method with a
coefficient of 0.990, because of the closeness of
mean base flow (1.25 m?%s) to mean base flow
index, can be introduced as an appropriate
method for baseflow separation in Gol-Gol and
other similar catchments. Therefore, base flow
separation and calculation of its contribution can
be considered in river flow regime and surface
water utilization.
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Fig. 2 A sample of base flow separation by WETSPRO method
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Table 4 The characteristic criteria of base flow by different methods using different filters

Base flow (m®/s)

. o 3
Method Statistical criteria Total flow (m?3/s) 0995 099 0975 095 0925 009
Mean 1.945 114 121 1369 149 1546 1.582

LHBFI Maximum 152.07 6.06 873 167 27.8 36.75 43.19
Minimum 0.013 001 001 0.01 0.013 0.013 0.013

Mean 1.945 0.78 0981 1.228 1382 145 15

LHWHAT Maximum 152.07 4.6 774 1441 254 3404 416
Minimum 0.013 0.013 0.013 0.013 0.013 0.013 0.013

Mean 1.945 046 047 0479 0.481 0.483 0.484

ERBFI Maximum 152.07 1.7 265 517 846 1087 13.11
Minimum 0.013 001 001 001 001 0.01 0.01

Mean 1.945 1.219 1.33 1.43 1.48 149 1.508

EPBFI Maximum 152.07 13.19 21.87 38.58 56.21 66.89 76.08
Minimum 0.013 0.013 0.013 0.013 0.013 0.013 0.01

Mean 1.945 0.385 0.43 047 047 048 0.481

ERWHAT Maximum 152.07 1684 264 517 846 10.82 13.59
Minimum 0.013 0.012 0.011 0.010 0.008 0.007 0.006

Mean 1.945 1.105 1.25 1.39 1.45 1.48 1.49

EPWHAT Maximum 152.07 12.07 19.97 36.78 55.15 65.52 74.86
Minimum 0.013 0.012 0.012 0.012 0.012 0.012 0.012
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Fig. 3 A sample of base flow separation by Lyne and Hollick using different methods and filters
IS g (F) Jgoz 5o adllass 4o oK) abo] S o yiolyly 90 Sl g (goue Jild -V-Y-Y
ol 0 ssls Las (F) Jalscio olgsul \-Y-Y-¥
B S .o & e O"‘L'\) . a t_;
Wbl Sl b b JS oSl b5 S0 Gbs bme 0 S350 Febliss ki by, @ :
- as ols las b jasls gl eslaiwl b g Jodie lgsul
a2 o Hlid (F) Jouz ;0 EPWHAT o) 10 (69,5l

w8 .o b ab b SR KT o PN KV
S Sl s oSl i cays Ll boas T TP R R ST oeSls Sl oS
AL iy /380 5 /3] /AVD /A0 /AYD /A
bal oo s 5 s 55 cnlboe IS 5350

Lo o Ll psul Abe> bl S8 -

Environment and Water Engineering ol (pwdige § G jlame 4@)

Vol. 8, No. 2, 2022 VE) iy 0¥ ol oA 0,50


bshahmorady@gmail.com
Typewritten text
389


Ya. V) e g aigns 3
Do e lis 1) @ed ey elel ) IS bz 5l al ol slulas
50
45 A
40 A
35 4
3\ 30 4
TR
m{ 20 4 M
£ j
15 A

——— EPBFI (0.9) EPBFI (0.925)

—— EPWHAT (0.9) ——EPWHAT (0.925)  —— EPWHAT (0.950)

—— EPWHAT (0.975)

Gay) obej
EPBFI (0.950)

—— EPBFI (0.975) ——— EPBFI (0.990) —— EPBFI (0.995)

——EPWHAT (0.990)  —— EPWHAT (0.995)

Jdolsie plgsal (sl alizes slo il b o2l )lgs (a8 (o0 kb by, 4 abol glulaz I glaises -F S
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Table 5 Comparison the results of different methods for base flow separation using statistical criteria

Nash-

Nash-

No Method . RMSE MAE No. Method . RMSE MAE
Sutcliffe Sutcliffe
1 WETSPRO 0.55 1.27 162 20 ERBFI (0.9) 0.54 1.27 1.63
2 LHBFI (0.9) 0.53 1.30 1.70 21 ERBFI (0.925) 0.55 1.26 1.60
3 LHBFI (0.925) 0.63 1.14 113 22 ERBFI (0.950) 0.55 1.26 1.60
4 LHBFI (0.950) 0.75 0.95 090 23 ERBFI (0.975) 0.52 1.30 1.70
5 LHBFI (0.975) 0.86 0.71 050 24 ERBFI (0.990) 0.44 1.41 2.00
6 LHBFI (0.990) 0.86 0.69 0.48 25 ERBFI (0.995) 0.38 1.49 2.22
7 LHBFI (0.995) 0.82 0.80 0.64 26 EPWHAT (0.9) -0.07 1.97 3.91
8 LHWHAT (0.9) 0.61 1.18 040 27 EPWHAT (0.925) 0.11 1.78 3.19
9 LHWHAT (0.925) 0.72 0.99 0.99 28 EPWHAT (0.950) 0.35 1.52 2.33
10 LHWHAT (0.950) 0.82 0.78 0.62 29 EPWHAT (0.975) 0.65 1.11 1.23
11 LHWHAT (0.975) 0.90 0.60 0.36 30 EPWHAT (0.990) 0.86 0.69 0.48
12 LHWHAT (0.990) 0.84 0.75 0.57 31 EPWHAT (0.995) 0.88 0.63 0.40
13 LHWHAT (0.995) 0.7 1.03 1.07 32 ERWHAT (0.9) 0.54 1.27 1.63
14 EPBFI (0.9) -0.12 2.01 4.07 33 ERWHAT (0.925) 0.55 1.26 1.60
15 EPBFI (0.925) 0.74 1.83 3.35 34 ERWHAT (0.950) 0.55 1.26 1.60
16 EPBFI (0.950) 0.31 1.57 249 35 ERWHAT (0.975) 0.50 1.33 1.78
17 EPBFI (0.975) 0.60 1.19 143 36 ERWHAT (0.990) 0.42 1.43 2.06
18 EPBFI (0.990) 0.82 0.80 0.64 37 ERWHAT (0.995) 0.35 1.53 2.34
19 EPBFI (0.995) 0.87 0.67 1.95
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