JOURNAL OF FOREST SCIENCE, 63, 2017 (6): 245-253

doi: 10.17221/130/2016-JFS

The influence of deforestation and anthropogenic
activities on runoff generation

MoHAMMAD REzA KHALEGHI*

Department of Watershed Management Engineering, Torbat-e-Jam Branch,
Islamic Azad University, Torbat-e-Jam, Iran

*Corresponding author: drmrkhaleghi@gmail.com

Abstract

Khaleghi M.R. (2017): The influence of deforestation and anthropogenic activities on runoff generation. J. For.
Sci., 63: 245-253.

In recent decades, due to rapid human population increases and in its results, destructive effects of anthropogenic
activities on natural resources have become a great challenge. Land use and vegetation are important factors in soil
erosion and runoff generation. This study was performed to assess the effects of different amounts of forest cover
on the control of runoff and soil loss in the Talar basin, which is located in Mazandaran province, using a runoff-
rainfall model, geographical information system (GIS) and remote sensing (RS) to determine the hydrologic effects
of deforestation on the Talar watershed (north of Iran). A runoff-rainfall model has been presented using GIS (HEC-
GeoHMS) and hydrologic model (HEC-HMS). Land use changes (deforestation) and anthropogenic activities (roads
and impervious surfaces development) were evaluated using RS techniques and satellite images. We used the Soil
Conservation Service and Curve Number methods for hydrograph simulation and runoff estimation, respectively.
First, a model was performed and optimized. Afterward, the optimized model was evaluated by other six events of
floods (model validation). According to the obtained results, the runoff generation potential has been increased in

the Talar watershed due to deforestation during the last forty years. Land use changes cause an increase in runoff

volume and flood peak discharge.
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In recent decades, due to rapid human population
increases, destruction of forest lands and improper
cultivation practices (land use changes) have been
seriously degrading native forest ecosystems and
have caused undesirable effects in the watershed
hydrologic conditions. Intensive cultivation and
land use mismanagement are important factors in
soil erosion and runoff generation (BAHRAMI et al.
2010; GHoLzoM, GHoLAMI 2012). Human activi-
ties have always been accompanied by changes in
land structure, destruction of natural resources and
urban development (AMOUEI et al. 2012; YOUSEFI
et al. 2013; KHALEGHTI et al. 2014). Cosmopolitan
area developments on the surface of the watershed
will include the increase of peak discharge and
runoff volume of the watershed (JAIN, SINHA 2003;

J. FOR. SCL, 63, 2017 (6): 245253

BURNS et al. 2005; BRILLY et al. 2006; PAPPAS et
al. 2008; GHoLAMI et al. 2009, 2010; SEIFAN 2009).
Iran is the second largest country in the Middle
East and almost 87% of the country’ territory is
located in arid and semi-arid regions (KHALEGHI
et al. 2011). Deforestation in Iran has been more
rapid in the past 50 years than at any time in Iran’s
history and hence as a result of deforestation and
land use mismanagement, soil degradation is the
most serious and main environmental problem
(DooGE 1959; DAGNACHEW et al. 2003; ZHENG
et al. 2005; BAHRAMI et al. 2010). Deforestation,
poor agricultural measurement practices and the
use of marginal lands for cultivation purposes are
notable examples of measures being implemented
(UNEP 2000; EswARAN et al. 2001; L1u et al. 2002;
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SorLomMoN 2005). Unfortunately, the population
increase process, anomalous and incorrect use of
natural resources in the northern part of Iran have
been continued when they resulted in the occur-
rence of recent floods. Therefore, it is necessary to
prevent such deplorable events through managing
the environment and natural resources. Also, it is
imperative to understand both direct and indirect
influence and also relative importance of human
activities on runoff generation and consequently
accelerated soil erosion, which is critical to the
management of regional water resources. However,
quantitative analysis and evaluation of the anthro-
pogenic effects of human activities on runoff in riv-
ers are still limited. On the other hand, in watershed
planning and flood management, estimation of the
maximum flood discharge is necessary for predict-
ing the watershed hydrological behaviour. Flood
management in a basin would not be successful un-
less watershed hydrological behaviours are predict-
ed (PARISE 2003; BHADRA et al. 2008; KHALEGHI et
al. 2011). Runoff production and its behaviour are
a function of different types of land use and land
use changes. The hydrological response of a river
basin is a function of the relationship between ba-
sin geomorphology (catchments area, shape of ba-
sin, topography, channel slope, stream density and
channel storage) and its hydrology (Loukas et al.
1996; SHAMSELDIN, NASH 1998; AJWARD, MUZIK
2000; NOURANTI et al. 2009). In the Mediterranean
region, there is a great deal of evidence to show
that unreasonable land use and soil cover acceler-
ate water erosion processes and consequently land
degradation (NUNEs et al. 2011). Different stud-
ies have indicated the positive effect of vegetation
cover in the regulation of hydrological processes
and decrease of runoff and soil loss (L1u et al. 2002;
Dunj6 et al. 2004; KIRkBY et al. 2005; MORGAN
2005; WEI et al. 2007; QADIR et al. 2008; SALEHI
et al. 2008; SEEGER, RIEs 2008; YIMER et al. 2008;
HUANG et al. 2010; GHoLAMI, KHALEGHI 2013). In
the field of simulation of the hydrological behav-
iour of watersheds, CHRISTOPHER et al. (2001) and
STONE (2001) presented a runoff-rainfall model
using geographical information system (GIS) and
the Hydrologic Engineering Centre’s Hydrologic
Modelling System (HEC-HMS) software (Version
2.0.3, 1999). Their results indicated the ability of
the method in the simulation of flood hydrograph
of a watershed. Simulation of a rainfall-runoff pro-
cess for estimating the runoff volume and the peak
discharge value of watershed has been investigated
by different hydrologists. Knowing the peak dis-
charge value and the runoff volume of a watershed
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has a crucial role in managing natural disasters
and designing and constructing water structures.
Therefore, different methods have been developed.
Each of these methods has their own merits and
demerits. Lack or low accuracy of rain data, high
cost, lack of information in catchments and long
waiting time in obtaining results are the major
problems in hydrological prediction (WANG, CHEN
1996; MAHEEPALA et al. 2001; VAESs et al. 2001; Lo-
PEZ et al. 2005; VAHABI, GHAFOURI 2009). The Soil
Conservation Service (SCS) curve number meth-
od, developed by the SCS of the United States De-
partment of Agriculture (USDA) is widely used for
predicting direct runoff volume for a given rainfall
event and also for runoff simulations, and can be
used for studying the effect of human activities on
runoff (SouLis et al. 2009; WANG et al. 2009). The
main reason for the selection of SCS method is that
it accounts for many of the factors affecting run-
off generation and hence describes the effects of
land use/cover change on the hydrological process
(WANG et al. 2009). Many studies have been car-
ried out on the efficiency of SCS method as an arti-
ficial unit hydrograph (GurTa et al. 1980; SNYDER
et al. 2002; JENG, CooN 2003; GEETHA et al. 2008;
MORETTI, MONTANARI 2008; SINGH et al. 2008;
TyacrI et al. 2008; SouLis et al. 2009). Due to the
widespread use and general acceptance of the Soil
Conservation Service-Curve Number (SCS-CN)
method, its applicability was investigated in vari-
ous regions and for various land uses and climate
conditions, while CN values were obtained experi-
mentally from the Antecedent Moisture Condi-
tions including rainfall and runoff measurements
over a wide range of geographic, soil, and land
management conditions (KING, BALoGH 2008;
SouLis et al. 2009).

The main objective of this study is to investigate
the fundamental mechanism for the generation of
surface runoff, as well as to analyse the SCS-CN
method applicability in the Talar watershed with
regard to deforestation and subsequent intensive
cultivation in different time spans in Mazandaran
province, north of Iran. Therefore, the results en-
able a better understanding of different aspects of
the human-induced soil degradation and the sus-
tainable use of soil in the future.

MATERIAL AND METHODS
Study area. Talar watershed, the area of which

is about 68 km?, is located in the northern part of
Iran, within the limits of eastern longitude 53°18' to
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53°30" and northern latitude 35°58' to 35°07" in the
eastern part of Mazandaran province (Fig. 1). The
climate of the zone is semi-humid and cold and its
average annual precipitation is 791 mm and the av-
erage temperature is 11°C. The average, maximum
and minimum height of the watershed is 1,672,
3,349 and 1,120 m a.s.l, respectively. The average
slope of the watershed, the average slope of the
main channel and the length of the main channel
are 15.8%, 13% and 16.5 km, respectively. There is
a hydrometer station at the outlet of the watershed
and a rainfall recorder station upstream of it.
Methodology. We used different satellite im-
ages for evaluating land use changes in the study
area. Landsat Thematic Mapper and Enhanced
Thematic Mapper Plus (ETM*) images and remote
sensing (RS) techniques were used to evaluate land
use changes during about forty years (1967-2015).
The land use maps of the watershed surface were
applied using the curve number changes in Ante-
cedent Moisture Conditions (AMC) II. In the next
step, the influence of these changes on intensify-
ing runoff generation on the surface of Talar wa-
tershed was studied quantitatively using a runoff-
rainfall model. HEC-HMS was used for presenting
the runoff-rainfall model. The physical model of
the watershed was simulated using the Geospatial

Hydrologic Modelling Extension (HEC-GeoHMS),
extension in ArcGIS (Version 10.2, 2013) environ-
ment, and the digital elevation model when the
surface of the watershed was divided into 32 small
sub-basin areas. The implications of urbanization
on runoff processes depend on the scale of the
watershed area and magnitude of urban develop-
ment. Small-sized river basins, which are densely
urbanized, are more affected by the urban run-
off flows than large-sized rivers flowing through
large cities, where the local urban runoff peaks
contribute towards a rather small proportion of
the river flow (Maksimovic, Tucct 2001). Hence
small urban rivers are more fitting for the study of
these effects (MOLDAN, CERNY 1994; FOSTER et al.
1995). Then the physical model of the watershed
was entered into the HEC-HMS software environ-
ment. The secondary data of the rainfall of Sang-
deh rain recorder station and the flood hydrograph
of the Valicben hydrometric station and six rainfall
events in 2004—2015 were applied for presenting
the model (Table 1).

The method of hydrograph synthesis employed
by the SCS of the USDA uses an average number
of natural unit hydrographs for watersheds varying
widely in size and geographical locations (CHOW
et al. 1988; NOURANI et al. 2009). For the current
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Fig. 1. The location of the study area (Talar catchment)
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Table 1. Six rainfall events and the observed peak dis-
charges have been used for modelling and optimizing
the model

Q,., (m*s™)

Event
observed simulated

August 11, 2004 10.30 10.28
May 8, 2007 9.36 9.20
September 15, 2011 11.70 11.50
May 26, 2013 7.80 7.70
October 5, 2014 12.20 11.90
September 17, 2015 1.56 1.52

Q_— maximum flood discharge
max

analysis, all the storm events producing significant
direct runoff that took place from August 2004 to
September 2015 were used (6 events).

In the SCS model (flood hydrograph simulation),
the lag time (flood routing method), ¢, shall be de-
termined using watershed physical properties, such
as area, main river length, average slope, CN, after-
ward the synthetic unit hydrograph can be com-
puted. Curve number (runoff estimation method)
is estimated with respect to land use and soil hy-
drological group maps in different AMC (dry, aver-
age and moist) and hydrological conditions. Initial
losses (S, mm) including the whole interception,
infiltration, transmission in the soil and surface are
calculated as Eq. 1:

25,400

S —254 (1)

Runoff (Q, mm) calculation is given below as
Eq. 2 taking values from 0, when § => <, to 100,
when S = 0:
Q_(P—o.zs)2

~ P+0.85

where:

(2)

P — maximum precipitation in 24 h (mm).

After calculating runoff due to a rain storm, the
maximum flood discharge (Q _, m3.s71) was calcu-
lated (Eq. 3):

2.0834
Qmax = Z—Q

p
where:

max’

(3)

A — basic area (km?),

Q - runoff (mm),

t, — time of flood crest which is evaluated by the time of
concentration (£_) in a minute.

Rainfall was simulated in 30 min increments on
the watershed surface (based on the secondary data
of rain gauge station). The model was optimized
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by the initial loss and lag time parameters of the
sub-basin areas (SCS-Lag) and in the next step,
the efficiency of the optimized hydrologic model
was confirmed by comparing the results from us-
ing the model for simulating the hydrograph of the
other six flood events with the recorded flood hy-
drographs. After evaluating the hydrologic model
of Talar watershed, changes in land use (with the
curve number criterion) and impervious surface
growth were applied for a rainfall event during the
last forty years. It is to note that the model was im-
plemented only by entering the changes and even
rainfall intensity on the whole watershed surface. At
last, the influence of man’s activities and environ-
mental changes resulting from them in intensifying
runoff generation and flood hazard have quantita-
tively been investigated during the last forty years.
Man’s activities were evaluated based on the devel-
opment of roads and impervious surface during the
study period. We performed the modelling process
using the secondary data of rainfall and flood hy-
drograph. Afterward, the model was optimized and
validated. Finally, the validated model was used to
evaluate the effects of land use changes on runoff
generation (value and volume). The changes in CN
and initial loss were used to evaluate the effects of
land use change in the model. The percent of im-
pervious areas was applied as criteria for man’s ac-
tivities in the model.

RESULTS

Ten flood events were used for modelling the
rainfall-runoff process. Six of them were used for
modelling and the others for model validation. Two
land use maps for the years 1967 and 2015 were
provided. The land use maps show the changes in
forest areas during the study period (Fig. 2). Table 1
presents the information on the rain intensity of
Sangdeh rain recorder station and the flood hydro-
graph of the Valicben hydrometric station and six
rainfall events in 2004-2015.

The efficiency of the model was evaluated and
confirmed after optimizing the model using the
optimized model for simulating the outlet hydro-
graph of Talar watershed for six flood events. The
comparison of the simulated hydrograph with the
observed hydrograph of one of the events used
for evaluating the model is shown in Fig. 3. The
simulated hydrographs of two events are shown in
Fig. 4. Using the GIS abilities, the land use changes
have been investigated during the last forty years
and their results are shown in Table 2.
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Fig. 2. Land use maps in 1967 (a), 2016 (b)

The rainfall of one of the previous events was flood hazard. The model was implemented only by
considered for evaluating the influence of defor- changing the impervious land percent, the curve
estation on the potential of runoff generation and number changes (land use and vegetation) and ini-

tial loss in different time frames and the influence

141 — Tlood of impervious land development, destruction of for-
124 — Simulated ests and changing them into agricultural lands on
~ 101 runoff generation and the peak discharge increase
m; 3 and flood volume were investigated. In fact, a rain-
Vé 6 fall was considered for the model in different time
S frames and only the changes resulting from land use
) were applied in the model and their effects were in-
. vestigated. The results from the influence of land use

L 3 5 7 9 1113 15 17 19 91 93 95 97 99 31 33  changes on runoff generation, peak discharge and
Time (h) flood volume are presented in Table 3. Finally, the in-
fluence of the set of activities such as making a road
network, urban development, destruction of forests
and changing them into agricultural areas was inves-
tigated and the results are presented in Table 4.

Fig. 3. Evaluating the hydrologic model of Talar watershed
by a comparison of the simulated hydrograph by the model
and the recorded hydrograph at a hydrometric station
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Fig. 4. The outlet hydrograph of Talar watershed with the rainfall May 24, 1991 in land use conditions and road net-
work and residential areas in 1967 (a), 2016 (b), all of the model factors except land use and impervious land percent
were considered constantly

Q_ — maximum flood discharge
max
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Table 2. Land use changes on the surface of Talar water-
shed during the last 48 years

Table 3. Changes in peak discharge and runoff volume
(rainfall May 24, 1994)

Land use
Year farming rangeland forest residential road
(ha) (ha) (ha) (ha) (km)
1967 1,235.0 346.8 5,396.1 74.99 50.2
2016 2,143.6 346.8 4,537.9 86.98 127.38

Comparing the simulated hydrograph by the mod-
el with the recorded hydrograph at Valicben hydro-
metric station for one or some of the events before
and after optimizing the model is shown in Fig. 5.

DISCUSSION

The Talar watershed was selected for this study
because as a forest area and also an area with low
population density, it has been less exposed to de-
struction and land use changes in comparison with
other places in Iran. But even in such watersheds,
deforestation has been accompanied by land use
changes, destruction of natural resources and ur-
ban development. Anthropogenic effects and man’s
activities, in the form of urban development and
land use changes, have increased the hazard of
flood events and watershed vulnerability to rain-
falls and rain storms concerning runoff generation
and peak discharge. Increasing runoff generation
and peak discharge will be more drastic after heavi-
er rainfalls (CAMORANI et al. 2005). In the case of
outlet runoff values, not all tested methods possess
high agreement with the observed hydrograph.
Forests caused a reduction of runoff generation and
flood hazard by increasing the permeability of the
soil and water-holding capacity of the watershed

(a)

14 — Flood

12 — Simulated

10 4
8
6 -

Qunax (M3s71)

4 4
2 4

Year Qan Runoff Runoff
(m3-s71) volume (m3)  increase (%)

Due to land use changes

1967 8.04 153.85 -

2010 11.11 197.19 28.1
Due to land use changes and impervious surface development

1967 9.01 167.92 -

1995 9.57 178.43 6.25

2010 10.05 188.71 12.38

Q_  — maximum flood discharge
max

Table 4. Changes in peak discharge and runoff volume in
Talar watershed because of land use changes and impervi-
ous surface development (rainfall 24 May 1994)

Year Quax Runoff Runoff
(m3.s71) volume (m3)  increase (%)

1967 7.67 147.77 —

2010 12.92 233.31 58.2

Q__ — maximum flood discharge
max

area (WAHL et al. 2005). But the impervious area
development on the surface of the watershed will
include the increase in peak discharge and runoff
volume of the watershed (BRILLY et al. 2006; PAp-
PAS et al. 2008). On the other hand, the influence of
urban development has been much more remark-
able on the surface of the sub-basin areas which
have undergone considerable impervious surface
development. Land use changes have occurred in
the northern part of the watershed which regard-
ing the local situation of these land use changes on
the surface of the watershed, their influence on the
peak discharge and the outlet runoff volume of the

(b)
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Fig. 5. Comparison of the simulated hydrograph by the model with the observed hydrographs for a flood event on

May 24, 1991 (a), and after optimizing the model (b)

Q_ — maximum flood discharge
max
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watershed has been greater than the influence of
the impervious surface development. The research
results have indicated a higher influence of urban
development on the volume and peak discharge of
the sub-basin areas or in the surface unit (BROWN
1988; RiLEY 1998). According to the results ob-
tained from the research, the runoftf generation
potential has been increased by approximately 60%
for a rainfall event in Talar watershed due to defor-
estation on the surface of the watershed during for-
ty years. Also, the runoff and sediment generation
potential has been increased in Talar watershed
due to deforestation during the last forty years.
Unfortunately, the process of land use change and
forest destruction is to be continued in northern
Iran. Moreover, climate changes will affect the for-
est growth in the study area (GHOLAMI et al. 2017).
Therefore, we will observe undesired conditions of
the forest areas in northern Iran due to an increase
in runoff generation and flood hazard.

The purpose of this study was to evaluate the ef-
fects of human activities on runoft generation and
flood hazard. This goal has been achieved by the use
of GIS, RS and HEC-HMS model. It is to note that
the study area is a forest area with the low popula-
tion density which in comparison with other areas
has been exposed to deforestation to a lesser extent
and where the rate of runoff volume and peak dis-
charge and finally intensifying flood hazard will be
increased by heavier rainfalls and this process of the
urban development and destruction of forest lands
is being continued. The runoff generation poten-
tial increases throughout soil compaction and land
use changes. Moreover, runoff increases during the
stronger rainfall. Hence, land use management and
forest conservation practices should be considered
for the study area. Therefore, afforestation projects
are suggested to control the flood hazard and to de-
crease the runoff generation potential.
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