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Abstract. Extensive flood damages all over the world necessitate its contrel and
operation. Hydrologic impacts of land use change appear in many ways such as total
runoff, and flood peak flow. This study was performed 1n 2014 and aimed to investigate
the impacts of land use changes on the occurrence of floods 1n the catchment of Boostan
dam in Golestan province, Iran. For this purpose, Watershed Modeling System (WRLS)
was used to compare land use areas in 1996 with those 1in 2006 using the corresponding
maps. After the calibration and validation of model 1n each period, rangeland and forest
degradation and its effect on the flooding of catchment were evaluated using two
representative parameters of peak flow and volume of flood Land use maps of both time
periods were compared and the achieved results revealed that the total area of rangeland
was increased whereas good rangeland areas were decreased, fair rangelands were
increased and poor rangeland areas were remained relatively constant that mean a decrease
in high quality rangelands in the catchment Also, the forest areas that decreased
intensified flood. But peak flow and flood velume of the whele catchment have been
mitigated. In spite of negligible change in total Curve Mumber (CH) of the catchment,
rangelands in downstream and near residential areas converted to the agricultural lands and
upstream agricultural lands converted to high and medium density rangeland. This means
that distribution of land use changes was in such a way that influential upstream
watersheds in flooding were associated with the reduced CHNs So, the implemented
biological measures have reduced the flooding potential of the catchment Sensitivity
analysis of the model showed that 5% decrease in CH can cause 40% decrease in peak
flow of the catchment and in contrast, 3% increase in CN can enhance flood peak flow up
to 60%.
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Introduction

Due to extensive flood damages to
resources, especially soil and water, its
control and operation are one of the main
policies  of watershed management
(Ifeftah  Helghi  ef  al, 20100
Hydrological response of a watershed is
representative of a bunch of 1ts conditions
and characteristics and so, land use
changes may affect the performance of
watershed (Miller et al, 2002)
Hydrologic impacts of land use and land
cover change appear 1n many ways such
as total runoff, base flow, flood peak
flow, soil moisture, and
evapotranspiration. (Sikka ef al., 2003).
Watershed 15 a complex open system that
1t should be modeled te achieve the
desired objectives such as assessment,
and forecasting: Through the modeling of
complex systems, the cost of studies will
reduce and 1t will be possible to predict
how to manage the watershed for future.
One of the applications that are capable
of geometric and hydrological modeling
of watershed 15 the Watershed Modeling
System (WMS) (Jajarmuizade et al,
2012). WMS was developed by Brigham
Umiversity researchers 1m 1998 1n
cooperation with the United States army
corps of engineers. Due to the vanety of
appropriate hydrelogic and hydraulic
models included in WS, ezperts use 1t
to assess the watershed management
projects.

Checking the status and information
about the annual damages due to flooding
in Iran and whole of the world indicates
the impact of this phenomenon on natural
resources. Therefore, it 15 inevitable to
develope the integrated programs to curb,
control and utilize the flood using
appropriate management measures
(Brouwer and Van, 2004) Cur
understanding of the effects of
mechanical and biclegical activity on
watershed response to rainfall 15 one of
the key 1ssues 1n the -watershed
management and flood control studies
Implementation of any treatments in the
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watershed 15 associated with the changes
in Manning's roughness coefficient, ime
of concentration, wvegetation and soil
permeability change. So, 1t can cause
some changes 1n rainfall-runoff
relationship of the -watershed and
eventually, flood peak  discharge
{(Sitmonovic, 2002)

IMany researchers investigated land
use changes in different places. Anapour
et al. (2013) studied land use changes of
Barabad-Darock village in Sabzevar city,
Iran dunng 1987-2007 using remote
sensing Eesults indicated that third-rated
and first-rated rangelands have been
decreased from 6.83 to 4 14 percent and
from 0.03 to 001 percent, respectively.
Also, the irngated agricultural lands are
to be decreased from 6.53 to 0.07 percent
during a 20 vear pernniod MNasri et al
(2013) 1in Ardestan, Iran used GIS and
showed that almost 31% of the total area
of the region had undergone some
changes duning a 30 year peniod. Also,
Hosseint et al. (2012) performed their
study in Inche Shorezar site of Golestan
province, Iran for nine years (1997-2005)
to investigate the vegetation changes.

Several studies on WS  and
relationship between land use changes
and floods have been conducted in Iran
and abroad and some of them are
mentioned here.  Khosroshahi  and
saghafian (2005) used WIS and curve
number (CH) parameter of sensitivity
analysis and introduced it as the most
sensitive parameter for calibration
Saghafian et al. (20068) evaluated the
effects of land cover changes on peak
flow and volume of flood 1n Golestan
dam watershed located 1n  Golestan
Province in the northeast of Iran. Pesults
showed that the 5-year flood peak flow
increased up to 31.7% because of land
use changes and destruction of forests
and pastures. Gholami et al. (2009
assessed the effect of changes in land use
on runoff generation and flood nisk in
Kasilian watershed located in
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Mazandaran  Province, Iran.  Their
research results revealed that the runoff
potential and flood risk increase in the
region are caused by the changes in land
use. Githw ef al (2009) studied River
Nzoia catchment, Kenya in a ime penod
with an increase in agricultural area from
306 te 64.3% and a decrease in forest
cover from 123 to 7.0%. It causzed a
difference in runoff ranging from 55 to
68% . Hosseim (2012) studied the WIS
model capability in determining the flood
peak flow in Khuzestan province, Iran.
The results showed that WMS models
computed flood that had a good
correspondence  with the calculated
values of empinical equations 1n
Khuzestan province.

Asharf et al. (2014) assessed the
impact of land use change on Rawal
watershed, sub-Himalayan region
hydrolegy. They observed a decrease
over 16% 1n the scrub forest coverage
whereas built-up land increased three
folds during 1992-2010 that resulted 1n
an increase of about &% i1n the water
yield and 14 3% in the surface runoff of
the watershed Razawvizade et al. (2014)
investigated the mmpact of land use
changes on flood characteristics 1n
Taleghan watershed, Iran using HEC-
HIMSE model Based on simulation results
due to the changes in land use (decrease
of agricultural land and increase ranges),
peak flow and volume of floods 1n 2002
were compared with those 1n 1987 and 1t
has been shown that they decreased to
17.16 and 6.13%, respectively. Also,
checking the base time showed no
changes in the study period Eezaee
Moghadam et al (2015) examined the
effects of changing land use and land
cover on flooding in Alavian dam
watershed, Western Azarbaijan Province,
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Iran. Their results indicated an increase 1n
runoff and flood risk of the watershed
due to land use and land cover changes.
Beiglu et al. (2015) assessed the effects
of land use and cover on Darband niver
flow regime 1n Tamsh region. They
deduced changes in land use and land
cover which caused an increase in surface
runoff because there was no sigmificant
trend 1n ranfall data, and river flow had
an upward trend Alse, Vahabzade et al
{(2015) investigated the impact of land
use changes on daly nver flow 1n
Ajerloo watershed located 1n Azerbaijan
Province using HEC-HMS model. Their
research showed that changes 1n land use
made 86.8% increase 1n peak flow and
12.7% 1increase in runoff volume. Zadsar
and Azimu (2016) studied the impact of
land wuse changes on hydrological
response 1n  Gorganroud Watershed,
Golestan, Iran using SWAT.
Accordingly, biomechanical measures
can reduce runoff up to 20 7%.

Although flood 15 mainly a function of
climatic  conditions, especially the
amount, intensity and spatiotemporal
distnibution of rainfall, various features of
watershed such as land cover, and land
use consisting of rangeland and forest
degradation are the other effective
parameters. In this paper, the effects of
land use changes, especially rangeland
and forest degradation on peak flow of
floed have been evaluated in Boostan
dam catchment

Materials and Methods

Boostan dam catchment is a part of
Gorganroud basin 1n the east of Golestan
province, Iran (Fig. 1), It drains
approxumately 1562 km” and is situated
within 37°23'to 37°46" northern latitude
and 55°26" to 56°4" eastern longitude.
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Fig. 1.

In this paper, the impact of land use
changes, and rangeland and forest
degradation on runoff generation and
flooding potential 1o Boostan dam
catchment was studied by employing
WS (version 7). The investigation was
performed 1n 2014, For this purpose, a
digital elevation model (DEM) was
prepared and land use maps of the
catchment in two time periods of 1996
and 2006 (Fig. 2) were wvestigated 1n
GIS. This time interval was chosen due to
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In order to incorporate spatial distribution
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The situation of Boostan dam catchment in Golestan province, Iran

major watershed management measures
of the region performed in these years
The investigation invelves the amount of
land vuse changes as well as its spatial
distribution. o, the areas of each land
use types such as forest, rangeland, and
agriculture were calculated and compared
between two  periods. Then, the
distribution of changes in upstream and
downstream areas of each watershed was
determined.
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catchment; A) 1996; B) 2006
method (Cronshey, 1986) The model

calibration was performed by optimizing
the estimated curve number and the
efficiency of optimized model was
approved by comparning the observed and
sitmulated hydrographs of real flood
other flood hydrographs

events. Some
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were used to indicate wvalidity of the
model. After validating the hydrological
model of Boostan dam catchment, the
effects of land use changes that caused
changes in curve numbers were examined
in several rainfall events. It should be
noted that to investigate the impact of
rangeland and forest degradation on the
flooding of the catchment, two
representative parameters of peak flow
and volume of flood were considered.
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Physiographic charactenistics are main
inputs of hydrolegical modeling software
WMS. In  order to calculate the
physiographic charactenistics of the
catchment, 1:250000 topography maps of
nattonal cartographic center of Iran for
2006 have been used by the means of
WMS software. Calculated walues for
each watershed of Boostan Dam
catchment were shown in Table 1

Tahle 1. Pliysiographic characteristics of Boostan Dam catchun ent

Area Average altitude Length of Slepe of
Wegerilioda:  opty  Sepelnm). o ; il {m) ::m stream {mim)
Kalshor 11665 0118 41490 325805 0.013
Shordare 12333 0181 461 21 24668 .4 0.015
Aghemam 14302 0192 548 49 208321 0.015
Chenarli 69 04 0165 756 52 124057 0.022
Gharnave 0497 0.239 03432 10067 9 0.034
Karimishan 128.40 0.208 675461 250723 0.02a
Ghepan 4619 0174 396 39 13068 8 noze
Azizabad 112.837 0.188 37525 253043 n.oil
Zav 13501 0245 o0e 04 178619 0.025
Golidagh 190 20 0221 260.51 3B1217 0015
Yelcheshme 265.01 0.1al 1333 48 308625 0.028
sub-basinl 5564 0129 307 .54 108757 0017
sub-basin2 4534 0.0a7 212.55 141894 0.oil
sub-basin3 41 41 0082 17494 0477 4 0015

Soil hydrolegic group map is important
and fundamental for a ranfall-runcff
model in SC5 method and the amounts of
runoff depend on 1t Map of sol
hydrologic group of the catchment is

presented in Fig. 3. In Figs. B and C, 501l
hydrolegic groups have been represented
with the permeability in range of 3.8-7.5
and 1.3-3.8, respectively.
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Fig. 3. 501l hydrologic group map of Boostan dam catchment
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For mapping the curve numbers, each of
land use maps of 1996 and 2006 was
integrated with soil hydrolegic group
map in the WMS and then using the
Table of CH, curve numbers per
catchment were determuned Fig. 4
represents curve number map of Boostan
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dam catchmentin 1996 and 2006. CN1s a
dimensionless number that 15 related to
soil and cover conditions of the
watershed and has a range of 0 to 100
CH=0 means no runoff and CN=100
infiltratton  and 1t 1s

means no

documented by SC5 (2004).
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Fig. 4. The curve nunber map of Boostan dam catchment: A) 1926 and B) 2006

To simulate the catchment in WIS,
flood hydrographs recorded in Tamar
hydrometric statton at the catchment
outlet were investigated and to determine
the corresponding rainfalls, daily rainfall

records of rain-gauge stations 1n and
around Boostan dam catchment provided
by Golestan Regional Water Authonty
were used. Table 2 shows these stations'

information.

Takle 2. Inform ation of rain-gauge stations in and around Boostan dam catclun ent

Station Name Date of Establishment Altstats s prip Icalcdontiain
m Lafifude Longitude
" Tamar 1065 132 EF LR 55°29°
Park meli Golestan 1997 460 374 55°49°
Ghamagh 1995 500 EFREER 5543
Golidagh 1005 1000 3T 56°00°
Pishkamar 1970 250 3736 55°35°
Zavebala 1997 700 3rar 5545

It should be noted that in this paper, the
automatic calibration of model was
applied and the curve number was used
as calibration parameter. In order to
analyze the model results, the observed
and simulated hydrographs of three flood
events were compared using statistics of
root mean square error  (RMSE)
indicating that the error rate given as zero
15 the best value for it (Willmott, 1981).
Also, coefficient of determination {RZ) 15

between 0 and 1 and closer to 1 and the
correlation between the observed data
and computed values 1s better (Legates et
al_, 1999). Nash Sutcliffe efficiency index
(E) was another statistic used in this
paper that ranges from negative infinity
toc 1 meaning that the observation data
and calculated omes are entirely
corresponded (Mash and Sutcliffe, 1970)
Finally, index of agreement (d) 1s
between 0 and 1, and the wvalues closer
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tel show higher accordance between the
observed and computed data (Legates et
al., 1999)

Finally, the sensitivity of model to CIN
was analyzed to assess the effectiveness
of this vanable factor on floods 1n the
region. In this paper, the sensitivity of
flood peak flow at the catchment’s outlet
te the curve number was determined. For
this purpose, the parameter changed from
-10 to +10 percent and their impact on
the flood discharge was determined.

Results

Land use changes were assessed using
geographic information system. Land use
maps have been prepared by Department

Tahle 3. L and use distribution of Boostan dem catchm ent
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of Matural Fesources and Watershed
Management in Golestan province. The
results are presented in  Table 3
Accordingly, the whole area of forests
and rangelands decreased from 1060 36
to 1027.67 Km? in 10 years. Although the
total area of rangeland increased by 17.24
Km-, a high density rangeland decreased
by 78.47 Km’, medium density rangeland
increased by 93.24 Km?> and low density
rangeland area remained relatively
constant. This represents a decrease in
rangeland quality of the catchment,
which has a negative impact on 1ts
flooding.

1505 3006
Land ok Total cabhment (%) Aaea (5m®) . Towlcalhment (%) Area (| roentof change
e 33.30 508 31 376 53300 484
Aenfaresiy 0.14 114 001 020 9236
Chalen 0.05 031 0.02 030 60,00
Highdensityforest 921 14536 10.24 161.73 1118
Semidensify forest 739 116.58 0.66 15046 3072
Eaior ity Fvest 0.07 14310 260 4101 7133
High-density mngeland 1422 12430 0.4 14502 3502
Semi density mogeland. 23:48 370,44 29 56 46668 1580
Low derstymogelind 383 60.40 3.7 5987 1.04
Residential 0.10 1.51 0.74 1165 640 00
Wasteland 031 433 0.3 6.01 71 58

Eesults also revealed that rangelands 1n
downstream and near residential areas
changed to agriculture. On the other
hand, upstream agriculture areas in 1996
changed to high and medium density
rangelands probably due to lack of
precipitation. Also, some areas located in
Golestan MNational park territory changed
from medium density forest to medium
density rangeland that can be caused by
natural or anthropogenic factors that have
a great importance 1in environmental
aspect.

The other land use changes occur in this
region have changed from a medium

density forest to a low density forest
Moreover, some high density forests and
low density forests have been cultivated.
Of course, in few cases, a low density
forest changed to a medium density
forest.

Determined curve numbers using
calibrated Boostan dam catchment model
before and after the implementation of
watershed management measures are
presented in Table 4. As demonstrated 1n
Table 4, the total catchment CHN
decreased from 7821 to 78.03 that 15

ignorable.
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Tahle 4. Curve number values of the watersheds in 1996 and 2006
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Watersheds 1994 2006 Percent of change
Kalshor a0 .04 79 .66 -0.50
Shordare al .51 20.52 -1.21
Aghemam 3170 7904 215
Chenarli 7883 7600 -2.33
Gharnave 72.04 70.29 0493
Karimishan a2.13 79 58 -3.10
Ghopan 7894 73.07 -1.10
Azizabad a2.47 79 68 -3.38
Fav 73 .44 75.14 231
Golidagh 74 48 7573 168
Yelcheshme 7442 7382 501
Sub-basinl 2095 30.50 -0.56
Sub-basin2 a2.10 2231 D24
Sub-basin3 74 80 T7.15 314
Total 7821 7305 -0.20

-otl motsture retention, lag time and
of concentration were calculated
using SCS5 method and curve number
(CM) wvalues. These calculations were
performed by WIS software for 14

time

5 for

before

and
of

watersheds. These parameters are shown
i Table
implementation
management measures.

after the
watershed

Table 5. 301l moishure retention, lag time and time of concentration for before and after the implem entation

of watershed management meanues

1996 2006

soil ; ; .
Watersheds moishure Lagtime Fimecat ; el Lagtime i uf. :

retention (h) concentration 1.11 mst'gre () concentration

(mm) {(ht) retention {hr)
Kalshor 12.65 323 539 1297 327 544
Shordare 11.52 2.56 428 1229 264 441
Aghemam 1138 210 jaa 1275 23 ER:Ai]
Chenarli 13.64 1.80 ila 1518 1.00 332
Gharnave 1420 2.10 3.51 21.47 262 438
Karimishan [1.05 2.40 401 1304 241 436
Ghopan 13.55 1.78 297 1427 1.83 304
Azizabad 10.8D 2.40 416 1295 172 454
Zav 18.37 223 .72 16.81 213 356
Golidagh 17.41 iB6 .45 16.28 372 621
Yelcheshme 1746 392 6.55 13.65 3.44 574
Sub-basinl 11095 1.73 2189 1231 1.75 292
Sub-basin2 11 0B 283 471 1092 28D 458
Sub-basin3 1711 253 423 1505 236 394

Calibration and wvalidation of WIS stations, respectively. These flood

models were performed using three and
two flood events in Tamar hydrometric

hydrographs were shown 1n Figs. Sand &



Journal of Rangeland Science, 2017, Tal. 7, No. 2 Moghadast et al, /101

25 120 +
20 Calitir 100
= .: .' E &0 vesnnes Sipulati
.E': 15 A ] sasssss Limmlation E_, s L Latt ot
- S = 7 b e
£10 " Observation -y i
- E ; :
& 5 1 5 20 : .
0 T 0 i
0 1000 2000 3000 ] 500 1000 1500 2000 2500
: : Time (i)
Time (1mnin) B :
A
B0
EJD eeeeeee Sipmlation
P .
&an Observation
E
7
E L]
0 emm e LS —
0 500 1000 1500 2000 2500
Time (min)
C

Fig. 5. Observed and simulated flood hydrographs in Tamar station (used for calibration) A) 11/8/1997 B)
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Fig. 6. Observed and simulated flood hydrographs in Tamar station (used for validation) A) 7/25/1993 B)
4/10/1999

The results of model vernfication coefficients of determination values were
indicate that there was a good between 0 87 and 0.92 which suggests a
coincidence between observed data and high correlation. Table 6 shows
computed hydrographs in  watershed calculated statistics for the flood events
modeling system For example used in model validation.

Tahle 6. Statistics for model performance evaluation in different flood events

T Index of Na.sl'% Sutcl.iffe Cuefﬁ@em.nf Root mean
agreement efficiency index determination SOUATE EITOE
1997/11/6 0oz 054 092 0.58
1998/5/30 0o3 0D.74 0&7 0.66
19987725 092 D.63 028 0.88
1993m/11 003 D.75 0&7 0.64

1999/4/10 0.87 0.3z 0.59 0.57
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In Table 7, the impacts of land use
due to rangeland and forest
degradation on peak flow and volume of
flood 1n different return penods

changes

are

shown., The mentioned results show that
for example, the mean 25-year peak flow

decreased to 153% between 1996 and

2006.

Aszessing the ../102

Table 7. The impacts of land use change on peak flow and volume of flood in different rehurn periods

feban 1096 2006
period
B Peak Flow Volume flood Peak Flow V olume flood
{m3/s) {1000m3 (m>/s) (1000m3
2 32464 11213 59 28372 11203 49
5 517 .42 2042406 531.52 20402 26
10 21008 26579 .50 701.29 26514.12
25 1076.05 34300 64 917 60 34138 83
50 1262 .85 3082019 1074.23 30668 .44
100 1448 11 45265.43 1229 64 45075 .48
200 1633.98 50697 64 138587 50473 60

Table 8 demonstrates different impacts of land use changes due to rangeland and forest
degradation on peak flow and volume of flood 1n all 14 watersheds of the catchmentin a

25 year return period.

Takle 8. The impacts of land use changes on peak flow and volume of flood in different watershedsin a 25

year refurn period

1996 7006

watersheds ok Flow (m¥s) ;;L‘;‘::ﬁﬂ““d Peak Flow (m¥/s) ;EEEZ;JHDN
Falshor 11284 2823 06 11404 2815.06
Shordare 14076 2883 78 130.29 2739.41
Aghemam 17970 3299 65 15697 3011.69
Chenarli 9114 1520 22 78.70 138495
Ghamave 11874 2150 82 55.78 1321.51
Kerimishan  163.52 332000 144.14 3003 .88
Ghopan 6651 1073.54 6464 1044.43
Azizabad 15288 3103 46 127 56 273436
Zav 113.04 224408 130 35 2468 34
Golidagh ~ 122.40 303827 132.45 3750.61
Yelcheshme 163 .43 4875 48 24594 6348.19
sub-basinl  98.41 1533.42 102.71 1549 30
sub-basin?  56.35 1234.12 58.91 1261.53
sub-basind  34.24 703.30 38.26 770.34

Sensitivity analyses investigate the model sensitivity to changes in CI¥ of watersheds of
Boostan dam catchment. In Table 9, changes in the flood peak flow of the catchment with
the increase and decrease of CI in 2006 for each flood events are shown Fig 7 shows

flood peak flow sensitivity to the changes in curve number
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Discussion 15 from 0.66 to 058 and Nash Sutcliffe

In this paper, hydrologic response of
Boostan dam catchment was simulated
with watershed modeling system 1n two
periods of time Land wuse map
investigation showed that the study area
has 11 types of land uses. Assessment of
changes 1n land use of Boostan dam
catchment 1n the period of 1996 to 2006
indicates that due to deforestation, more
than 1.56% of the area 1s added to the
farm lands According to the results
during the 10 year period, the total forest
area has decreased from 2567 to 22.50%
and in contrast, the rangeland area has
increased from 41.53 to 42.63%. So, the
total forest and rangeland land uses in the
catchment  decreased  almeost 3%
Moreover, in this period, high density
rangeland decreased to 7847 Km® as
3502% of 1ts mnitial area, semi density
rangeland increased to 96.24 Km® that
means 25 89% of its initial area and low
density  rangeland area  remained
relatively constant This represents a
decrease in rangeland quality of the
catchment, which has a negative impact
on its flooding. On the other hand,
residential area increased more than
seven times that has a negative unpact on
flooding too.

According to  statistics,  simulated
hydrographs were modeled properly as
compared to the observed ones so that the
index of agreement ranges from 0.87 to
0.93, coefficient of determination (B7) is
from 0.87 to 0.92, root mean square error

efficiency indices are between 0.32 and
075 So, the model showed a good
performance that corresponds with the
results reported by Hosseim (2012).

In spite of above mentioned land use
changes that all had a negative impact on
flooding, the peak flow of modeled
floods reduced. For example, the 25-year
peak flow was decreased to 15% that 15 1n
contrast with the results reported by
Githui et al. (2009) as well as Asharf et
al. (2014). The key issue in this problem
15 the distribution of changes that can be
represented as the novelty of this paper.
There were rangelands in downstream
and near residential areas that changed to
agriculture and upstream agriculture ones
changed to high and medium density
rangelands.  So, despite  negligible
changes in total CHN of the catchment,
changes were 1n such a way that curve
numbers of high slope areas in upstream
lands that are effective in generating
flood have been reduced in a way that
had a decreasing impact on flood
characteristics. It can be concluded that
the implemented biclogical measures
during this period have been effective to
mitigate floods of the catchment Eesults
of the sensitivity analysis emphasized on
the importance of curve number
parameter that 15 used to calibrate the
model and 1t corresponds  with
Khosroshahi and Saghafian (2005). The
sensitivity analysis showed that if CH
reduced to 5%, peak flow of the
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catchment would decrease as 40% and on
the other hand, 5% increase in CH will
increase flood peak flow up to 60% that
prove the importance of biclegical
watershed management measures and
prevention of forest and rangeland
degradation.
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