&

A

SCWMRI

Watershed Engineering and Management Volume 15, Issue 4, 2024, Pages 535-553
DOI: 10.22092/ITWMSE.2023.357033.1939

The effect of climate change and gabion check dams on the amount of
sediment yield of basin, case study: Dehbar

Hamed Hariri', Seyed Abbas Hosseini** and Amir Khosrojerdi®
! PhD Student, Water Structures, Department of Agricultural Sciences and Food Industries, Science and
Research Branch, Islamic Azad University, Tehran, Iran
2 Associate Professor, Department of Civil Engineering, Science and Research Branch, Islamic Azad
University, Tehran, Iran
3 Associate Professor, Department of Agricultural Sciences and Food Industries, Science and Research
Branch, Islamic Azad University, Tehran, Iran

Received: 09 January 2023 Accepted: 29 May 2023

Extended abstract

Introduction

Predicting changes due to climate change and its possible consequences on hydrological processes of the
watershed helps to solve the challenges facing managers and water resources planners in the coming period.
The effects of this phenomenon and gabion check dams simultaneously on the sedimentation of Dehbar
Basin have not been studied so far, so the aim of this study is to investigate this with the perspective of the
next 30 years, using SWAT and LARS-WG models and the ability of these two models to simulate climate
change and remove gabion check dams.

Materials and methods

In this research, the performance of gabion dams as a reservoir in the Dehbar Basin, 10 km west of Mashhad
and south of the city of Torghabeh, which has a cold semi-arid climate, is compared to the amount of
sediment output from the basin for the next 30 years with the LARS-WG statistical model and SWAT
hydrological simulation model has been evaluated. There are five gabion dams in this area. To predict the
meteorological variables of the upcoming period at the level of Dehbar Watershed, after recalibrating the
LARS-WG model, the HadGEM2 model and three scenarios of RCP8.5, RCP4.5 and RCP2.6 were used
for the microscaling of meteorological data in the period of 2050- 2020. Kolmogorov Smirnov (K-S), t and
F statistical tests were used to check the performance of the simulation results in this model. To prepare
and implement the SWAT model, the map and digital model information of elevation, soil, land use,
hydrological and meteorological data were used. The tank was used to introduce gabion dams to the model.
In order to analyze the sensitivity, calibration and validation of the SWAT model, SUFI-2 semi-automatic
algorithm was used.

Results and discussion

The average values of the simulated precipitation are in good conformity with the observed values and the
biggest difference is related to the months of February and April. Regarding the standard deviation values
of monthly rainfall, the biggest difference belongs to the months of February and March. The average
simulated minimum temperature is also in very good agreement with the observed values. Also, for the
maximum temperature, a trend similar to the minimum temperature is seen. Also, the p-value obtained from
the t-test for the aforementioned variables, there is no significant difference between the average
temperature and precipitation data produced and the observed data, and the LARS-WG model has been
able to calculate the average temperature and precipitation very well. To simulate monthly precipitation in
all scenarios (RCP8.5, RCP4.5 and RCP2.6) in the horizon of 2050 in the first seven months of the year is
lower than the monthly precipitation in the base period, but an increase in precipitation is observed for the
second five months of the year. Also, in the horizon of 2050, the temperature will increase on average
compared to the base period. To draw the curve of the sediment gauge, the method of batch average with
modified FAO coefficient was used. The amount of observed sediment was calculated as 2.14 tha'yr!. For
the calibration and validation of the SWAT model, at first, using CUP_SWAT software, the parameters
that had a greater effect on the discharge and sediment output from the basin were identified. In order to
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analyze the sensitivity, calibration and validation of SWAT model, SUFI-2 semi-automated algorithm was
used. After that, the effects of climate change on the amount of runoff and sediment in the basin were
investigated using the validated SWAT model. The results show a decrease in rainfall, an increase in
temperature and a decrease in runoff in the horizon of 2050. The precipitation changes for RCP4.5 and
RCP2.6 scenarios are +9.3% and +3.1%, respectively, and -4.6% for RCP8.5 scenario. On average, gabion
dams reduce 57.09% of sediment exit from the basin.

Conclusion

In this research, the effects of climate change on the sediment output from Dehbar Basin in the period from
2020 to 2050 and the effect of gabion dams in the existing conditions (presence of dams) and in the
conditions of removal of these dams were investigated. In all scenarios, the minimum and maximum
temperature increased in the 2020-2050 period compared to the base period. One of the negative effects of
temperature increase is change in the amount and time-spatial pattern of precipitation. The results indicate
that the SWAT model is capable of simulating hydrological processes and sedimentation in relatively small
to medium watersheds with complex conditions such as Dehbar Basin, even with limited observational
data, with acceptable accuracy. The increase in the amount of sediment at the outlet point of the watershed,
despite the decrease in rainfall and runoff, indicates short-term rainfall with high intensity, which increases
the occurrence of flooding conditions. From the changes in the amount of erosion and sedimentation in the
horizon of 2050 and with different scenarios, it can be concluded that the climate change will affect the
erosion of the basin in the future and the simulation model can be effective in predicting the erodibility.
Therefore, the results obtained from the SWAT model provide the possibility of recommending its use in
the region.
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Table 1. Physical and chemical properties of soil

Profile Depth (mm) Sand (%) Clay (%) Organic (%) CEC (meq/100gr) Rock (%)
250 34 28 0.75 7.68 23
1 350 38 23 0.63 6.85 25
550 39 23 0.61 6.71 28
5 200 48 26 0.46 5.69 45
400 51 20 0.39 5.20 51
3 80 62 12 0.46 5.65 32
280 62 10 0.12 3.32 33
200 38 20 1.36 11.83 35
4 500 33 25 0.89 8.63 30
700 35 30 0.97 9.19 32
5 100 54 24 0.48 5.82 38
220 59 22 0.32 4.72 46
6 420 46 14 0.93 8.87 40
780 48 15 0.88 8.53 44
300 52 18 0.60 6.61 43
7 500 51 29 0.52 6.11 39
700 36 36 0.47 5.79 21
3 170 55 26 0.71 7.40 36
240 45 17 0.36 498 42
9 210 44 19 0.63 6.83 31
390 39 31 0.57 6.46 23
10 230 58 17 0.76 7.72 41
430 37 26 0.29 4.53 37

S Gl ool 5,5 05ll Jalse =Y Jgus
Table 2. Measured factors for soil

Soil Albedo Initial Interrill Rill Critical
Profile texture %) saturation  Erodibility  Erodibility Shear Effective hydraulic conductivity (mm.hr)
o (%) level  (kg.s.m*) (s.m) (N.m?)

1 Clay 0.22 27.06 1645658 0.0013 2.1233 12.58
loam

2 Clay 0.73 28.47 1619547 00021 3.6842 1531
loam

3 Clay 0.37 29.44 1687022 0.0014 2.5436 13.25
loam
Sandy

4 clay 0.43 22.36 2167170 0.0033 3.4218 21.48
loam

5 Sla“dy 032 18.97 2836485 00018  3.2015 23.84
oam

6 Sandy 0.29 15.93 2397643 0.0011 2.6678 16.56
loam

7 Loam 0.15 26.05 1637020 0.0010 1.0364 15.17

8 Loam 0.39 16.98 1693571 0.0012 1.6958 26.35
Sandy

9 clay 0.43 20.41 3167076 0.0019 3.5178 22.19
loam

10 Clay 0.19 24.28 2547931 0.0017 3.2163 22.96

loam
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Table 3. p-value results of the t-test for comparing the average monthly precipitation and minimum and maximum temperatures

generated based on observed data

Month JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEP. OCT. NOV. DEC.
Precipitation (mm) 0.21 0.78 0.62 0.13 0.17 0.76 0.62 0.78 0.18 0.30 0.89
Minimum temperature ("C)  0.20  0.37 095 063 079 092 0.7 076 021 081 023
Maximum temperature ("C)  0.15 071 026 016 056 080 021 013 099 015 0.5
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Table 4. Sensitivity analysis results, the t-statistic, and the p-value of the selected runoff and sedimentation parameters.

Rank Parameter* Description Dimension t-stat p-value

1 1 CN2mgt SCS runoff’ curve number for moisture ;o Gontess 5,21 0.00
condition II

2 v__SMFMX.bsn Melt factor for snow on 21 June mm/(°C.day) 4.43 0.00

3 v__ALPHA_BF.gw Baseflow alpha factor days 3.88 0.00

4 r_ USLE K(1).sol USLE equation soil erodibility (K) factor dimensionless 2.69 0.00

5 v__ CH_N2.rte Manning’s n value for main channel dimensionless 2.68 0.01

6 v__PRF.bsn Peak factor for sediment routing channel dimensionless 1.91 0.05
Linear parameter for calculating the

7 v__SPCON.bsn Maximum amount of sediment thét can dimensionless 1.89 0.06

— be retrained during channel sediment

routing

8 v__ESCO.hru Soil evaporation compensation factor dimensionless 1.48 0.15
Exponent parameter for calculating

9 v__SPEXP.bsn sediment retrained in channel sediment dimensionless 1.47 0.13
routing

10 r__OV_N.hru Manning's "n" value for overland flow dimensionless 1.45 0.15

11 v__TIMP.bsn Snow pack temperature lag factor dimensionless 1.35 0.18

mm H20 /mm

12 r__SOL_AWC(1).sol Available water capacity of the soil layer soil 1.33 0.27

13 v CH K2.te Effective hyd.raullc conductivity in main mm/hr 086 039
— = channel alluvium

14 r SOL K (1).sol Saturated hydraulic conductivity mm/hr 0.81 0.42

15 v__ GW_DELAY.gw Groundwater delay days 0.73 0.49

* v: the parameter value would be replaced by the given value; r: the parameter value would be multiplied by 1 the given value
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Table 5. SWAT evaluation criteria for calibration and validation periods.

Variable Period NSE R? p-factor r-factor
Calibration 1982-2010 0.92 091 0.66 0.48
Runoff
Validation 2011-2018 0.68 0.93 0.55 0.29
Calibration 1982-2010 0.63 0.85 0.42 1.46
Sediment load
Validation 2011-2018 0.73 0.84 0.46 1.35
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Fig. 10. The mean monthly runoff during the reference and projected periods
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Fig. 11. The mean monthly sediment load during the reference and projected periods
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Table 6. Mean annual runoff and sediment load changes in the projected period compared to the reference period

Variable RCP2.6 RCP4.5 RCP8.5
Runoff -17.1 -17.5 -21.8
Sediment load 3.1 9.3 -4.6

oas oo L |y (233 RCP2.6 g RCP4.5 RCP8.5
2 oSbe jsbar F Jga 4 axe LY JS2)

‘)L:.mo 43'.505) Fro) )l LS"WL? 6L®M B> L:

Slag )l ples slp 429> 5l (29,5 Com; e




VECY P ojles 0 ol

}@Tcﬁﬁaﬂsww/aa'

98 ooy olly Lilowl gm0 al., (2008)
900 YV b ade 5l (29,5 Slgw, 2al5 50,
Jlss o Tl ase> ,o Mishra et al., (2007)

aidls (515 s 0 £F LAY  liwgais

T o) Oliee S8 Sladis S92g pac )90
Liet .col saly> jilibl as,o OV ase> 3l ouds
2Uls sl sloany a5 wols oLes al,, (2016)
b1, " olrsSee ads> 5l (s Slsw, (alS
Boix-Fayos et «yuized .25)ls do )0 YA 50

WITHOUT Gabion Check Dams

BRCP4.5 RCPS8.5 RCP2.6

‘WITH Gabion Check Dams

BMRCP4.5 WRCPS.S “RCP2.6

Sediment load (mgr.lit)

= b W e
[N — N — R — - — -

L
May Jun Jul Aug Sep Oct Nov Dec
Time (month)

Jan Feb Mar Apr

S5l laosy Bl b dilale Cgay (5 Siks dlis -V S

Fig. 12. The monthly sediment load after removing the gabion check dams
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Table 7. Average sediment load variations in the projected period after removing the gabion check dams

Variable RCP2.6 RCP4.5 RCP8.5
Sediment load 57.43 57.62 56.23
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