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Extended abstract

Introduction

In recent decades, the increasing trend of natural hazards and the destruction of natural resources under the
influence of natural and human factors have become increasingly intense. One of the important methods in
controlling and reducing surface runoff to mitigate flooding and peak discharge is the implementation of
watershed management measures, including management and protection measures, biological and
mechanical interventions. Although valuable watershed measures have been implemented in the country in
recent years, unfortunately, the scientific documentation and studies regarding their performance,
weaknesses, strengths and effectiveness are very little. By studying and evaluation the watershed
management measures effects on the important factors of a watershed, such as discharge and water flow,
we can take steps to strengthen the strengths and reduce the weaknesses. Therefore, the present study aims
to evaluate the performance and effects of biological and mechanical watershed management measures on
the peak discharge of treatment and control watersheds in Zidasht Taleghan, Alborz province.

Materials and methods

The paired Zidasht Taleghan watershed, comprising a treatment watershed (104 hectares) and a control
watershed (92 hectares), is located inside within a representative watershed with an area of 2750 hectares.
In the treatment watershed, along with the protection of the entire area, banqueting along with seeding has
been implemented on the area of about 12.5 hectares. In the mechanical measures section, 943 and 72.5 m?
of gabion structure and dry stone structure were implemented in the treatment watershed, respectively. The
total reservoir created by the gabion and dry stone structures was 13,550 and 125 m?, respectively. In this
research, to consider the importance of vegetation cover effect on runoff and peak discharge through curve
number in modeling, study and field measurement of vegetation cover changes during the last 5 years (2018
to 2019) in two treatment and control watersheds are presented. In order to investigate the impact of
watershed management measures on the peak flow of the control and treatment watersheds, meteorological
and discharge data were used from the meteorological station and outlet flumes of the paired watersheds.
In addition to comparing the observational data of the peak flow at the outlet of both control and treatment
watersheds, rainfall-runoff modeling with the HEC-HMS model was used.

Results and discussion

The evaluation of changes in vegetation under the effects of watershed measures showed that the percentage
of vegetation and plant production is about 8% and 265 kg on average in the treatment watershed (on
average, 51% vegetation and 777 kg/hectare production) more than the control watershed (on average, 43%
vegetation percentage and 512 kg/hectare production). In the discussion of reducing the peak discharge of
the treatment and control watersheds, the results of the evaluation of observational data showed that the
peak discharge of the treatment watershed under the effects of watershed management measures was 65%
lower than that of the control area (without the implementation of watershed management measures). The
results of flood modeling showed that in the treatment watershed, the peak flow has decreased about 40%
with the implementation of biological measures and 66% with the implementation of biological and
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mechanical measures compared to the control watershed. The flood volume has also decreased by 30% on
average under the effects of biological and mechanical watershed management measures in the treatment
watershed compared to the control watershed.

Conclusion

As a result of the implementation of biological and mechanical measures, in addition to reducing the peak
flow, the time to peak flow in the treatment area has also increased (discussion of increasing concentration
time). And the peak flow occurred with a longer time delay than the hydrograph of the flood in the case of
no watershed management measures in the control watershed. As a result, it can be reported that under the
influence of watershed management measures, in addition to reducing flood damage by reducing the peak
discharge, with a delay in the time of runoff and flood, more water is infiltrated and stored in the area. The
highest amount of peak discharge in these areas occurred in the state without implementation of watershed
measures (without structures). Also, considering that the base flow in the treatment watershed was higher
than the control watershed in most of the year (on the contrary to the peak flood discharge), the richness of
the vegetation cover in the treatment watershed can be considered an important factor in the higher base
water flow.
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Fig. 1. Location of the studied area and implemented watershed management measures in Zidasht Taleghan
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Table 1. Summary of implemented measures of Zidasht Taleghan Watershed during the past years

The type of watershed measures implemented in the

Row treatment watershed Magnitude Implemented year
1 Protection 104 ha 1388
2 Banqueting 125 ha 1399
3 Seeding (Amygdalus) 10 ha 1399
4 Gabion structure 943 m® 1388-1399-1400
5 Dry stone structure 725m? 1388-1399-1400




VECF LY oled Y al>

Ol cubagy (295 el 059> 5 (G5l o 2l g losesal laojlo (So5ed Slasin - Jguor
Table 2. Physical characteristics of the watershed constructions implemented (Gabion) in Zidasht Taleghan Watershed

Total Volume Reservoir Filled Remainin
Structure Height - of the sediment 9
Row Name X (m) Y (m) height volume volume
type (m) m) structure m) volume (m?)
(m®) (m®)
1 Gl 472065 3996427 3 4 60 1100 700 400
2 G2 472096 3996402 2 3 53.35 700 500 200
3 G3 471885 3996456 3 4 52.8 1250 890 360
4 G4 471800 3996481 3 4 87 1050 700 350
5 G5 471931 3996442 2 3 60 600 600 0
6 Gabion G6 472016 3996433 2 3 70 1200 800 400
7 G7 470413 3998122 2 3 46 600 200 400
8 G8 471207 3996369 3 4 73 650 100 550
9 G9 471693 3996287 3 4 90 1000 1000 0
10 G10 471751 3996492 3 4 90 1100 850 250
11 G11 471699 3996477 2 3 36 600 300 300
12 Concrete  GM12 471764 3996394 3 4 95 1200 1200 0
coated
13 gabion GM13 471741 3996343 3 4 130 2500 2500 0
Sum - - 943 13550 10340 3210
oWl ey =) )w1 039> 4o (pzaSis) ould |, (5)1%7,;}41 sloojlu (58 Slasiv -y Jg.,\.—?
Table 2. Physical characteristics of the watershed constructions implemented (Dry stone) in Zidasht Taleghan Watershed
Volume of : Filled
R Structure height T(_)tal the Reservoir sediment Remaining
ow Name X (m) Y (m) height volume 3
type (m) (m) structure m) volume volume (m3)
(m®) (m°)
1 Kh1 472033 3996449 0.7 0.7 36 10 10 0
2 Kh2 472024 3996464 0.9 0.9 438 6 6 0
3 Kh3 472025 3996485 0.9 0.9 3.9 8 8 0
4 Kh4 472022 3996491 0.9 0.9 45 15 15 0
5 Kh5 471168 3996334 1 1 5 5 4 1
6 Khé 471156 3996324 1 1 5 5 4 1
7 Dry stone Kh7 471146 3996316 1 1 5 5 4 1
8 Kh8 471593 3996501 1 1 7 15 15 0
9 Kh9 471533 3996518 1 1 7 15 15 0
10 Kh10 471481 3996522 1 1 8 15 15 0
11 Kh11 471405 3996529 1 1 7 15 15 0
12 Kh12 471129 3996308 0.93 0.93 6.7 6 6 0
13 Kh13 471180 3996342 1 1 5 5 4 1
Sum 725 125 121 4

5 baiss ade Jolul i ol oud aladl K08,
5 odloie b LS slaasly (salh (slon
455 90 b S e 4z o el p g patie (Ken
&8 6l laaxly 51 SO yo (4555 aw &dlgo oan )0)
el o) ) 90 pS Cawg 4 azgl b Cawl oads
e (aLS i G ddg> ya 50 (aald 5 4iged)

2 ol Bl G Sl b))l
Oy oy g g anlllae 1gyI0 sl Sloludl
e adllae 5 g Folul b alle o ol il
0,99) BLS Gib sias, 7ol Ol 50 2L Liis
L ojebae s 0gd oo plol olesls s lavlsl o
wllbe 5 Glony 5 ST slaaids Sl aslic

S e Sldges S g paseis 4 Cas gl



Yye/

9> ol @9 el clelasl 3t b))

(©
EIeSSL Jélo 5 6)5)&:‘ 9 §3SSL () oo 1)?1 @yg@ Gl’“}L"‘ (@) U':"M LgL!aojL.; )" ‘ﬁ|)?| Sleladl SRy -y JS.&

(OB Sty 15l i) igad 35l 039> 55 (€)
Fig. 2. lllustration of implementation measures of dry stone structures (a), implemented gabion structures (b) Banqueting and
seeding (c) in the watershed of the treatment (source of images: the authors)
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Fig. 3. Images of the outlet flume of control watershed of Zaidasht Taleghan (source of images: the authors)
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Table 4. Physical characteristics of Zidasht Taleghan Watershed

Hour Concentration time

0,
Watershed Area (ha)  Stream length (m)  Mean slope (%) Curve number (Lag time) (hour)
Control 92.1 1500 42.4 71 0.23 0.38
Treatment 104.2 1750 50.2 65 0.28 0.46
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Table 5. The results of the field evaluation of vegetation changes under the effect of watershed measures during the past years

Canopy Cover Percentage

Row Year

Production (kg/hectare)

Treatment Control Treatment Control
1 1398 48 39 873 472
2 1399 54 45 897 551
3 1400 a7 35 776 426
4 1401 53 47 676 533
5 1402 514 48.6 665 578

2 Mean Absolute Error (MAE)

! Nash—Sutcliffe Efficiency



YV\F )

9> ol @9 el clelasl 3t b))

1000
900 4
800
700
600
500 L, = < S -
400
300
200

100
1398 1399 1400 1401 1402

Year

——a4— Treatment = @ = Control

Production (kg/hectare)

60

=g Treatment - @ = Control

55

50

45

40

Canopy Cover Percentage

35

30 -
1398 1399 1400 1401 1402

Year

Cds) g) Adg 0 aLsdS Gl (b 6 el Gleladl con LS adg g LS iibe s ye Sl —F S
Fig. 4. Changes in the percentage of canopy cover and plant production under watershed management measures during the past

years in paired watersheds of Zidasht
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Table 6. The most important events of rainfall and runoff observed in the Zidasht Taleghan paired watershed

Precipitation Max Max discharge in Max
Row Event date (mm) Duration intensity (LJs) control discharge in
(mm/h) treatment (L/s)
2020-10-07
! (1399/7/16) 288 7 hour 14.3 27 18
2020-11-21
2 (1399/9/1) 27.1 15 hour 3 27.2 175
2021-3-12
3 (1399/12/22) 45 21 hour 46 217.6 124
2023-3-8
4 (1401/12/17) 8.6 9 hour 27 1075 769
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Fig. 5. Hyetograph and hydrograph resulting from the 28.8 mm precipitation of event dated 10-7-2020
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Fig. 6. Hyetograph and hydrograph resulting from the 27.1 mm precipitation of event dated 21-11-2020
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Fig. 7. Hyetograph and hydrograph resulting from the 45 mm precipitation of event dated 12-3-2021
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Fig. 8. Hyetograph and hydrograph resulting from the 8.6 mm precipitation of event dated 8-3-2023
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Table 7. Results of the flood volume and peak flow modeling in the paired watershed under the effect of watershed measures

Peak discharge of the flood

The volume of the flood

Watersheds (cubic meters per second) (thousands of cubic meters)
Control Treatment Control Treatment
With With
Without . W'th biological Without . W'th biological
biological and biological and
Type of watershed measures watershed . watershed .
watershed  mechanical watershed  mechanical
measures measures
measures watershed measures watershed
measures measures
Magnitude Magnitude 0.3 0.18 0.1 10.20 7.30 7.00
andchange e -
percentage Percentage -40.00 -66.67 - 2941 -31.37
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Fig. 9. Results of flood hydrograph simulation in the states without and with watershed management measures in the treatment and
control watersheds
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