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Abstract. Extensive flood damages all over the world necessitate its control and
operation. Hydrologic impacts of land use change appear in many ways such as total
runoff, and flood peak flow. This study was performed in 2014 and aimed to investigate
the impacts of land use changes on the occurrence of floods in the catchment of Boostan
dam in Golestan province, lIran. For this purpose, Watershed Modeling System (WMS)
was used to compare land use areas in 1996 with those in 2006 using the corresponding
maps. After the calibration and validation of model in 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 volume of the whole catchment have been
mitigated. In spite of negligible change in total Curve Number (CN) 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 CNs. So, the implemented
biological measures have reduced the flooding potential of the catchment. Sensitivity
analysis of the model showed that 5% decrease in CN can cause 40% decrease in peak
flow of the catchment and in contrast, 5% 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
(Meftah  Helghi et al., 2010).
Hydrological response of a watershed is
representative of a bunch of its 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 in many ways such
as total runoff, base flow, flood peak
flow, soil moisture, and
evapotranspiration. (Sikka et al., 2003).
Watershed is a complex open system that
it should be modeled to achieve the
desired objectives such as assessment,
and forecasting. Through the modeling of
complex systems, the cost of studies will
reduce and it 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 is the Watershed Modeling
System (WMS) (Jajarmizade et al.,,
2012). WMS was developed by Brigham
University researchers in 1998 in
cooperation with the United States army
corps of engineers. Due to the variety of
appropriate hydrologic and hydraulic
models included in WMS, experts use it
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 is inevitable to
develope the integrated programs to curb,
control and utilize the flood using
appropriate  management  measures
(Brouwer and Van, 2004). Our
understanding of the effects of
mechanical and biological activity on
watershed response to rainfall is one of
the key issues in the watershed
management and flood control studies.
Implementation of any treatments in the
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watershed is associated with the changes
in Manning's roughness coefficient, time
of concentration, vegetation and soil
permeability change. So, it can cause
some changes in  rainfall-runoff
relationship of the watershed and
eventually, flood peak discharge
(Simonovic, 2002).

Many researchers investigated land
use changes in different places. Ariapour
et al. (2013) studied land use changes of
Barabad-Darook village in Sabzevar city,
Iran during 1987-2007 using remote
sensing. Results indicated that third-rated
and first-rated rangelands have been
decreased from 6.85 to 4.14 percent and
from 0.03 to 0.01 percent, respectively.
Also, the irrigated agricultural lands are
to be decreased from 6.53 to 0.07 percent
during a 20 year period. Nasri et al.
(2013) in Ardestan, Iran used GIS and
showed that almost 31% of the total area
of the region had undergone some
changes during a 30 year period. Also,
Hosseini 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 WMS 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 WMS and curve
number (CN) parameter of sensitivity
analysis and introduced it as the most
sensitive parameter for calibration.
Saghafian et al. (2006) evaluated the
effects of land cover changes on peak
flow and volume of flood in Golestan
dam watershed located in Golestan
Province in the northeast of Iran. Results
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 risk 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. Githui et al. (2009) studied River
Nzoia catchment, Kenya in a time period
with an increase in agricultural area from
39.6 to 64.3% and a decrease in forest
cover from 12.3 to 7.0%. It caused a
difference in runoff ranging from 55 to
68%. Hosseini (2012) studied the WMS
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 empirical equations in
Khuzestan province.

Asharf et al. (2014) assessed the
impact of land use change on Rawal
watershed, sub-Himalayan region
hydrology. They observed a decrease
over 16% in the scrub forest coverage
whereas built-up land increased three
folds during 1992-2010 that resulted in
an increase of about 6% in the water
yield and 14.3% in the surface runoff of
the watershed. Razavizade et al. (2014)
investigated the impact of land use
changes on flood characteristics in
Taleghan watershed, Iran using HEC-
HMS 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 in 2002
were compared with those in 1987 and it
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. Rezaee
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 in
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 river
flow regime in Tajrish region. They
deduced changes in land use and land
cover which caused an increase in surface
runoff because there was no significant
trend in rainfall data, and river flow had
an upward trend. Also, Vahabzade et al.
(2015) investigated the impact of land
use changes on daily river flow in
Ajerloo watershed located in Azerbaijan
Province using HEC-HMS model. Their
research showed that changes in land use
made 86.8% increase in peak flow and
12.7% increase in runoff volume. Zadsar
and Azimi (2016) studied the impact of
land use changes on hydrological
response in Gorganroud Watershed,
Golestan, Iran using SWAT.
Accordingly, biomechanical measures
can reduce runoff up to 20.7%.

Although flood is mainly a function of
climatic  conditions, especially the
amount, intensity and spatiotemporal
distribution 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
flood have been evaluated in Boostan
dam catchment.

Materials and Methods

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



J. of Range. Sci., 2017, Vol. 7, No. 2 Assessing the .../ 96
220000 260000 300000 340000 380000 420000
=4 N 8
g £
< jL <
s ‘ Maravetape s
=g +8
~ ~
; Gonbad Boostan Dam Basin ‘;
8 4 4 g
=g ? L8
. Galikesh o
= Aghghala =
Torkaman
=3 o
= é Ramian | Azadshahr §
o
-4 ¢ Aliabad =3
Bandargaz Gorgan
g _ Kordkoi Kilometers s
: 01020 40 60 S
e

340000 380000 420000

Fig. 1. The situation of Boostan dam catchment in Golestan province, Iran

In this paper, the impact of land use
changes, and rangeland and forest
degradation on runoff generation and
flooding potential in Boostan dam
catchment was studied by employing
WMS (version 7). The investigation was
performed in 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 investigated in
GIS. This time interval was chosen due to
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major watershed management measures
of the region performed in these years.
The investigation involves the amount of
land use changes as well as its spatial
distribution. So, 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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Fig. 2. Land use map of Boostan dam catchment; A) 1996; B) 2006

In order to incorporate spatial distribution
of land use changes, the catchment was
divided into 14 watersheds using WMS.
CN values were obtained and rainfall-
runoff was modeled according to SCS'

! S0il conservation service

method (Cronshey, 1986).The model
calibration was performed by optimizing
the estimated curve number and the
efficiency of optimized model was
approved by comparing the observed and
simulated hydrographs of real flood
events. Some other flood hydrographs
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were used to indicate validity 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 characteristics are main
inputs of hydrological modeling software
WMS. In order to calculate the
physiographic  characteristics of the
catchment, 1:250000 topography maps of
national cartographic center of Iran for
2006 have been used by the means of
WMS software. Calculated values for
each watershed of Boostan Dam
catchment were shown in Table 1.

Table 1. Physiographic characteristics of Boostan Dam catchment

Area Average altitude  Length of Slope of
Watersheds (KM?) Slope (m/m) (m) main stream (m)  main stream (m/m)
Kalshor 116.65 0.118 414.90 32580.5 0.013
Shordare 123.23 0.181 461.21 24668.4 0.015
Aghemam 143.02 0.192 548.49 20832.1 0.015
Chenarli 69.04 0.165 756.52 12495.7 0.022
Gharnave 94.97 0.239 934.82 19967.9 0.034
Karimishan 128.40 0.208 675.61 25972.3 0.026
Ghopan 46.19 0.174 396.39 13068.8 0.029
Azizabad 112.87 0.188 375.25 25304.3 0.011
Zav 135.01 0.245 906.04 17861.9 0.025
Golidagh 190.20 0.221 860.51 38121.7 0.015
Yelcheshme 265.01 0.161 1333.48 30862.5 0.028
sub-basinl 55.64 0.129 307.54 10875.7 0.017
sub-basin2 45.34 0.067 212.55 14189.6 0.011
sub-basin3 41.41 0.082 174.94 9477 .4 0.015

Soil hydrologic group map is important
and fundamental for a rainfall-runoff
model in SCS method and the amounts of
runoff depend on it. Map of soil
hydrologic group of the catchment is
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presented in Fig. 3. In Figs. B and C, soil
hydrologic 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. Soil 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 hydrologic group
map in the WMS and then using the
Table of CN, curve numbers per
catchment were determined. Fig. 4
represents curve number map of Boostan
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dam catchment in 1996 and 2006. CN is a
dimensionless number that is related to
soil and cover conditions of the
watershed and has a range of 0 to 100.
CN=0 means no runoff and CN=100
means no infiltration and it is
documented by SCS (2004).
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Fig. 4. The curve number map of Boostan dam catchment: A) 1996 and B) 2006

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

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

Table 2. Information of rain-gauge stations in and around Boostan dam catchment

Station Name Date of Establishment Altitude Gec.)graphlcal coordlngtes
Latitude Longitude
Tamar 1965 132 37°28° 55°29°
Park meli Golestan 1997 460 37°247 55°49”
Gharnagh 1996 500 37°437 55°43°
Golidagh 1996 1000 37°39° 56°00"
Pishkamar 1970 250 37°36° 55°35"
Zavebala 1997 700 37°31° 55°45"

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
is the best value for it (Willmott, 1981).
Also, coefficient of determination (R?) is

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



Journal of Rangeland Science, 2017, Vol. 7, No. 2

tol show higher accordance between the
observed and computed data (Legates et
al., 1999).

Finally, the sensitivity of model to CN
was analyzed to assess the effectiveness
of this variable factor on floods in the
region. In this paper, the sensitivity of
flood peak flow at the catchment’s outlet
to 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

Table 3. Land use distribution of Boostan dam catchment
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of Natural Resources 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 its
flooding.

Land use 1996 2006 Percent of change
Total catchment (%) Area (km?) Total catchment (%) Area (km?)
Agriculture 32.20 508.31 33.76 533.02 4.84
Agroforestry 0.14 2.14 0.01 0.20 -92.86
Garden 0.05 0.81 0.02 0.30 -60.00
High-density forest 9.21 145.36 10.24 161.73 11.18
Semi-density forest 7.39 116.58 9.66 152.46 30.72
Low-density forest 9.07 143.19 2.60 41.01 -71.33
High-density rangeland  14.22 224.39 9.24 145.92 -35.02
Semi-density rangeland  23.48 370.44 29.56 466.68 25.89
Low-density rangeland  3.83 60.40 3.79 59.87 -1.04
Residential 0.10 151 0.74 11.65 640.00
Wasteland 0.31 4.83 0.38 6.01 22.58

Results also revealed that rangelands in
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 National 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 in 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 in
Table 4, the total catchment CN
decreased from 78.21 to 78.05 that is
ignorable.
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Table 4. Curve number values of the watersheds in 1996 and 2006
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Watersheds 1996 2006 Percent of change
Kalshor 80.06 79.66 -0.50
Shordare 81.51 80.52 -1.21
Aghemam 8170 79.94 -2.15
Chenarli 78.83 76.99 -2.33
Gharnave 78.04 70.29 -9.93
Karimishan 82.13 79.58 -3.10
Ghopan 78.94 78.07 -1.10
Azizabad 82.47 79.68 -3.38
Zav 73.44 75.14 2.31
Golidagh 74.48 75.73 1.68
Yelcheshme 74.42 78.82 5.91
Sub-basinl 80.95 80.50 -0.56
Sub-basin2 82.10 82.31 0.26
Sub-basin3 74.80 77.15 3.14
Total 78.21 78.05 -0.20

Soil moisture retention, lag time and
time of concentration were calculated
using SCS method and curve number
(CN) values. These calculations were
performed by WMS software for 14

of

watersheds. These parameters are shown
in Table 5 for before and after the
implementation
management measures.

watershed

Table 5. Soil moisture retention, lag time and time of concentration for before and after the implementation
of watershed management measures

1996 2006

soil Time of Soil Time of
Watersheds moisture Lag time . . Lag time .

: concentration moisture concentration
retention (hr) - (hr)
(hr) retention (hr)

(mm)
Kalshor 12.65 3.23 5.39 12.97 3.27 5.46
Shordare 11.52 2.56 4.28 12.29 2.64 4.41
Aghemam 11.38 2.19 3.66 12.75 231 3.86
Chenarli 13.64 1.89 3.16 15.18 1.99 3.32
Gharnave 14.29 2.10 3.51 21.47 2.62 4.38
Karimishan 11.05 2.40 4.01 13.04 2.61 4.36
Ghopan 13.55 1.78 2.97 14.27 1.83 3.06
Azizabad 10.80 2.49 4.16 12.96 2.72 4.54
Zav 18.37 2.23 3.72 16.81 2.13 3.56
Golidagh 17.41 3.86 6.45 16.28 3.72 6.21
Yelcheshme 17.46 3.92 6.55 13.65 3.44 5.74
Sub-basinl  11.95 1.73 2.89 12.31 1.75 2.92
Sub-basin2  11.08 2.83 471 10.92 2.80 4.68
Sub-basin3  17.11 2.53 4.23 15.05 2.36 3.94

Calibration and validation of WMS stations, respectively. These flood

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

hydrographs were shown in Figs. 5 and 6.
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The results of model verification 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.

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

Index of Nash liff fficient of Root mean
Date of event a;re;er?]ent ef?isci;lg/: indeex %2ferrgi$1a:ign sqou(;tre g?ror
1997/11/6 0.92 0.54 0.92 0.58
1998/5/30 0.93 0.74 0.87 0.66
1998/7/25 0.92 0.63 0.88 0.88
1998/9/11 0.93 0.75 0.87 0.64

1999/4/10 0.87 0.32 0.89 0.57
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In Table 7, the impacts of land use shown. The mentioned results show that
changes due to rangeland and forest for example, the mean 25-year peak flow
degradation on peak flow and volume of decreased to 15% between 1996 and
flood in different return periods are 2006.

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

Return

. 1996 2006

period

(years) Peak Flow Volume flood Peak Flow Volume flood
(m3/s) (1000m?) (m3/s) (1000m?®)

2 324.64 11213.59 283.72 11203.49

5 617.42 20424.06 531.52 20402.26

10 819.08 26579.50 701.29 26514.12

25 1076.05 34309.64 917.60 34188.83

50 1262.85 39820.19 1074.23 39668.44

100 1448.11 45265.43 1229.64 45075.48

200 1633.98 50697.64 1385.87 50473.60

Table 8 demonstrates different impacts of land use changes due to rangeland and forest
degradation on peak flow and volume of flood in all 14 watersheds of the catchment in a
25 year return period.

Table 8. The impacts of land use changes on peak flow and volume of flood in different watersheds in a 25
year return period

1996 2006
watersheds Peak Flow (m%/s) 2/1%%](;?:? 3;c|00d Peak Flow (m%/s) K%I(;J(;nn? 3;‘I00d
Kalshor 112.84 2823.06 114.04 2815.06
Shordare 140.76 2883.78 130.29 2739.41
Aghemam 179.70 3299.65 156.97 3011.69
Chenarli 91.14 1529.22 78.70 1384.95
Gharnave 118.74 2150.82 55.78 1321.51
Karimishan  163.52 3320.00 144.14 3003.88
Ghopan 66.51 1073.54 64.64 1044.43
Azizabad 152.88 3103.46 127.56 2734.36
Zav 113.04 2244.08 130.35 2468.34
Golidagh 122.40 3038.27 132.45 3750.61
Yelcheshme 163.48 4875.48 245.94 6348.19
sub-basinl  98.41 1533.42 102.71 1549.30
sub-basin2  56.35 1234.12 58.91 1261.53
sub-basin3  34.24 703.30 38.26 770.34

Sensitivity analyses investigate the model sensitivity to changes in CN of watersheds of
Boostan dam catchment. In Table 9, changes in the flood peak flow of the catchment with
the increase and decrease of CN 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

In this paper, hydrologic response of
Boostan dam catchment was simulated
with watershed modeling system in two
periods of time. Land use map
investigation showed that the study area
has 11 types of land uses. Assessment of
changes in land use of Boostan dam
catchment in the period of 1996 to 2006
indicates that due to deforestation, more
than 1.56% of the area is added to the
farm lands. According to the results
during the 10 year period, the total forest
area has decreased from 25.67 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 almost  3%.
Moreover, in this period, high density
rangeland decreased to 78.47 Km? as
35.02% of its initial 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 impact 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 (R?) is
from 0.87 to 0.92, root mean square error

is from 0.66 to 0.58 and Nash Sutcliffe
efficiency indices are between 0.32 and
0.75. So, the model showed a good
performance that corresponds with the
results reported by Hosseini (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 is in
contrast with the results reported by
Githui et al. (2009) as well as Asharf et
al. (2014). The key issue in this problem
is 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 CN of the catchment,
changes were in 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 biological measures
during this period have been effective to
mitigate floods of the catchment. Results
of the sensitivity analysis emphasized on
the importance of curve number
parameter that is used to calibrate the
model and it corresponds  with
Khosroshahi and Saghafian (2005). The
sensitivity analysis showed that if CN
reduced to 5%, peak flow of the
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catchment would decrease as 40% and on
the other hand, 5% increase in CN will
increase flood peak flow up to 60% that
prove the importance of biological
watershed management measures and
prevention of forest and rangeland
degradation.
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