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Preface

This current book is an attempt to reveal some aspects of hydrologic processes 
affected in water components separation in a water supply catchment by the appli-
cation of soil and water assessment tools (SWATs) in Iran. The SWAT model is 
a continuation of nearly 30 years of modeling efforts conducted by the USDA 
Agricultural Research Service. Modeling is the main approach to the separa-
tion of water components’ in catchment outlets with diverse soils, land use, and 
slopes. Most models are not useful for this purpose. The utilized empirical model 
performs successfully only within a calibrated range. Lumped conceptual mod-
els cannot also be used to predict the impacts of land use change on catchment 
hydrology. Because these models treat the catchment as a single unit, they ignore 
the tremendous heterogeneity of hydrological responses resulting from the spatial 
and temporal variability of climate, topography, soils, and vegetation.

One of the principal motivations for the development of distributed, physi-
cally based models was to predict the impacts of land use change. Physically 
based models can, in principle, overcome many of the deficiencies associated with 
lumped conceptual models through their use of parameters that have a physical 
interpretation and through their representation of spatial variability in the param-
eter values. Therefore, a simple GIS interface physically based and computation-
ally efficient distributed model needs to be chosen for the evaluation of the effects 
of land use change on water components’ separation on catchment hydrology and 
water balance. It has been found that most of the distributed or physically based 
hydrological and water quality models from developed countries are not suitable 
to be directly used in developing countries due to both a lack of data and different 
climatic conditions. The SWAT model is utilized extensively in advanced countries 
for investigating the impacts of land use change on water balance but has not yet 
been widely adopted in Iran despite being regarded as having a very good poten-
tial for such a purpose. The successful application of this model to this particular 
catchment will highlight the potential success of its application to other catch-
ments in Iran.
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Abstract Anthropogenic activities such a clearing tropical forests, adapting 
 subsistence in agriculture, escalating farmland production or growing urban areas 
and infrastructure change worlds landscape in ubiquitous ways. For the purpose of 
obtaining fresh water for irrigation, industry and domestic consumption, human 
activities have changed the natural hydrological cycle. Fertilizers and chemicals 
directly entering the environment, putting effect on water quality and ecological 
units. Worldwide water withdrawal is nearly 3900 km3 year−1. Agriculture con-
tributes 85 % of world wide consumption decreasing water table in various regions 
causing water balance fluctuation. Upper Mississippi River (UMR) basin and river 
basin in Lowa suggest ancient LULC changes compressed basin scale water bal-
ance. Cumulative stream flow trends found better than cumulative precipitation 
alone. Disturbance in water balance causes the transfer of pollutants to streams 
and finally to Gulf of Mexico. Influence of land use changes on storm runoff com-
prised three parts (i) generation of spatially explicit land use scenario (ii) genera-
tion of spatially distributed and process based runoff hydrological models (iii) 
interpretation, demonstration and dissemination of results.

Keywords Land use activities · Evapotranspiration · Sediment flux · Suspended  
sediment budget

1.1  Response of Water Balance to Land Use Changes

Land-use activities whether converting natural landscapes for human use or alter-
ing management practices on human-dominated lands, have transmuted a large 
fraction of the earth, acreage surface. Anthropogenic activities such as clearing 
tropical forests, adapting subsistence agriculture, escalating farmland production 
or growing urban areas and infrastructure, are shifting the world, s landscapes in 
ubiquitous ways (Fig. 1.1) (DeFries et al. 2004). Though land-use activities differ 
significantly across the world, their ultimate consequence is mostly the same, the 
attainment of natural resources for instant human requirements, normally at the 

Chapter 1
Application of Hydrological Models Related 
to Land Use Land Cover Change

© Springer Japan 2015 
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2 1 Application of Hydrological Models …

outlay of disturbing environmental conditions. Land-cover changes also disturb 
the water balance and surface energy in turn modifying the local climates (Pielke 
2001; Kalnay and Cai 2003).

The hydrologic cycle has been altered by human activities to make available 
freshwater for irrigation, industry, and domestic consumption (Postel et al. 1996; 
Vörösmarty et al. 2000). Moreover, anthropogenic chemicals enter the environ-
ment from fertilizers and atmospheric contaminants exceeding the natural sources 
and have pervasive effects on water quality and coastal and freshwater ecological 
units (Matson et al. 1997; Bennett et al. 2001). Land use can disturb the surface 
water balance and the partitioning of precipitation into evapotranspiration, runoff, 
and groundwater flow. Surface runoff and river discharge usually upsurge when 
natural vegetation (particularly forest) is cleared (Sahin et al. 1996; Costa et al. 
2003). For example the Tocantins River basin in Brazil presented a ~25 % upsurge 
in river discharge between 1960 and 1995, coincident with intensifying agriculture 
but no prominent variation in precipitation (Costa et al. 2003).

Supply of fresh water is openly influenced by water demand related with land-
use activities, particularly irrigation through water extractions and alterations. 
Nowadays, worldwide water withdrawals is total ~3900 km3 year−1, or ~10 % of 
the entire worldwide renewable resource, and the consumptive use of water (not 
resumed to the watershed) is assessed to be ~1800–2300 km3 year−1 (Gleick 
2003; Shiklomanov 1998). Only agriculture contributes ~85 % of worldwide con-
sumptive use (Gleick 2003). The end result is that several large rivers, particularly 
in semiarid areas, have significantly reduced flows, and some routinely dry up 
(Rosegrant et al. 2002; Postel 1999). Furthermore, the withdrawal of groundwater 
reserves is nearly collectively unsustainable and has caused the decreasing water 
tables in various regions (Rosegrant et al. 2002; Postel 1999).

A number of studies conducted by Turkelboom et al. (2008); Wijesekara et al. 
(2010); Mawardi (2010) have manifested that the land changes triggered by the 
growth of urbanization, agricultural practices and distressed forests region are ori-
gin of water balance fluctuations. The term of water balance refers to “the balance 
between input and output of water from precipitation and the outflow of water by 
evapotranspiration, groundwater recharge and stream flow”.

Fig. 1.1  Land use alteration
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Land use and land cover (LULC) change is possibly the maximum perceptible 
response of the agriculture sector to these exterior elements such as developments 
in technology, better-quality fertilizer and pest management, and fluctuating mar-
ket forces. Farmers acclimatize to changing environments by exploiting their land 
in a manner which produces the highest return on their investment of time, energy 
and money. In the past, the effects of LULC changes on water resources were 
generally ignored or considered a side effect of development (i.e., ‘‘not planned’’ 
(Scanlon et al. 2005), however nowadays it is accepted that an assessment of his-
torical influences may be used to comprehend our existing condition and predict 
concerns of future LULC change on water resources. Exterior aspects that subsi-
dized to the modification in LULC change in the past continue to shape the direc-
tion of LULC change in the future.

Indication from the Upper Mississippi River (UMR) basin and river basins in 
Iowa strongly suggest that the ancient LULC change has compressed the basin-
scale water balance (Schilling and Libra 2003; Zhang and Schilling 2006). Since 
the mid-20th century, numerous Iowa rivers have had growing drifts in yearly 
streamflow, least streamflow, annual base flow and the ratio of yearly base flow 
to streamflow (Schilling and Libra 2003). The cumulative streamflow trends were 
found to be better than cumulative precipitation alone could elucidate. Increasing 
yearly base flow was considerably associated to growing row crop intensity in 
their watersheds (Schilling 2005). Related investigation extended to the UMR 
basin specified that streamflow in several large rivers draining row crop-dominated 
states exhibited indication for increasing trends over the last 60 years (Zhang and 
Schilling 2006). The detected streamflow changes can be clarified by considering 
the water balance for a large watershed over a long period of time (several years) 
when the variation in storage can be ignored (Gupta 1989):

where P symbolizes precipitation, Q symbolizes streamflow out of the basin, and 
ET symbolizes evapotranspiration. Likewise supposed in Eq. (1.1) is that anthro-
pogenic extractions (i.e., pumping) are insignificant. On the basis of Eq. (1.1) and 
supposing there is no variation in P, Q becomes larger for watersheds dominated by 
seasonal crops compared to watersheds dominated by perennial vegetation as there 
is a smaller amount of annual ET loss from seasonal row crops compared to peren-
nial vegetation (Brye et al. 2000; Food and Agriculture Organization of the United 
Nations 1998). As Q is composed of base flow (Qb) and stormflow (Qs), increasing 
Q in a watershed may be the outcome of increasing Qb, Qs or both. Hydrograph 
separation of streamflow records in Iowa and the UMR shows that Qs remains 
more or less persistent and that the cumulative yearly streamflow was largely due 
to an upsurge in base flow or groundwater discharge to a river (Schilling and Libra 
2003; Zhang and Schilling 2006). A considerable increase of streamflow and base 
flow can be found to increased groundwater recharge during the spring when sea-
sonal crop fields are freshly cultivated or uncultivated (Zhang and Schilling 2006).

Changing LULC alone that caused in increased water transfer from agricultural 
watersheds would not be reflected a serious concern. Nevertheless, as water is the 

(1.1)P = Q+ ET

1.1 Response of Water Balance to Land Use Changes
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transporter of agricultural contaminants, altering the water balance of a watershed 
has potential to disturb the pollutant transfer to streams and eventually to the Gulf 
of Mexico. For instance, nitrate (NO−

3 ) is mostly carried to streams through base 
flow and tile drainage (Hallberg 1987; Schilling and Zhang 2004), so intensifica-
tion in yearly base flow may account to more nitrate transported to surface water. 
Twofold and threefold upsurge in nitrate level have been observed in Iowa rivers 
during the 1940–2000 period (National Agricultural Statistics Service, Quick Stats 
2006, http://www.nass.usda.gov/QuickStats/Create_County_All.jsp). A change in 
the annual water balance to more surface water runoff would cause an increas-
ing phosphorus transfer from a watershed (Steegen et al. 2001; McDowell et al. 
2001). Extreme delivery of nitrate and phosphorus to the Mississippi River from 
the agricultural Midwest have been involved in subsidizing to Gulf of Mexico 
hypoxia (Goolsby et al. 1999; Rabalais et al. 2002). Figure 1.2 represents the over-
all effects of land use changes on water quality and water balance, and manage-
ment strategies in urban watershed.

1.1.1  Response of Runoff Generation and Flood to Land 
Use Changes

One requirement for the evaluation of the impacts of predicted changes in land use 
and/or land cover on runoff generation is application of one land use scenario or 
more. A modeling kit known as land use change modeling kit (LUCK) is a source 
of spatial conversion of the whole trends in land uses into spatially-distributed sce-
narios of land use patterns, taking into consideration their topology in a true posi-
tion mode. The assignment of land use classes to each grid cells is comprehended 
in a spatially categorical way, reliant on an estimation of the characteristics of the 
location as well as of its interactions with its neighborhood.

Fig. 1.2  Effect of land use changes on water balance and management cycle in urban watershed

http://www.nass.usda.gov/QuickStats/Create_County_All.jsp


5

The influences of land use changes on storm runoff generation, regarding quan-
tity and quality, in Southwest Germany was explored by (Niehoff et al. 2001). 
Their outcomes were deliberated in light of a simulation study that was comprised 
of three parts (1) generation of spatially explicit land-use scenarios; (2) generation 
of spatially distributed and process-based runoff hydrological models; (3) inter-
pretation, demonstration, and dissemination of results. They addressed the main 
questions which nearly constantly contribute for the boundary conditions of land 
use dynamics as well as for the spatial and temporal scale of the hydrological and 
meteorological processes elaborated:

1. What kinds of land use changes have been described in the past? What kind of 
land use changes can be anticipated in the future? And what possible spatial 
distributions of these deviations in the landscape will these variations have?

2. Which runoff generation mechanisms (i.e., infiltration excess, overland flow, 
saturation excess, subsurface storm flow, and quick groundwater outflow) will 
possibly be influenced by land use and land cover changes? And how hydro-
logical model can exemplify them?

3. How are the effects of land use and land cover changes on storm-runoff genera-
tion interrelated to features of rainfall events and temporal trends? And what is 
the relative importance of catchment characteristics and its spatial scale?

Incited by looking for an answer to these critical questions, on the one hand, 
and in order to achieve the objectives of study, on the other, Ashraf et al. (2014) 
selected three dissimilar catchments within the Rhine basin. Their size was in 
range of 100–500 km2. One catchment area was representing a different features of 
land use pattern; primarily urban, agricultural, or forested. Their outcomes reveal 
that the impact of land use conditions on storm runoff generation to a large extent 
relies on the features of related rainfall events and on the corresponding spatial 
scale. In other words, high precipitation intensities with convective storm events 
have strong impacts as compared to low precipitation intensities with long-lasting 
 adjective storm events. Nonetheless, formation of floods in large river basins is 
slightly dependent on convective events and accordingly land use conditions there-
fore this type of rainfall events is usually restricted to small scale incidents.

Subsequent modeling of land use change effects on runoff generation of a river 
basin was employed by Hundecha and Bardossy (2004), and it was examined that 
growth of urbanization increases the lower peak runoff resulting from summer 
storms, on the contrary higher peaks have very little response to winter rainfall. 
Outcomes of this investigation display a significant decrease both in peak runoff 
and total runoff volumes as a consequence of intensified afforestation.

Long-lasting influences of land use change on catchment runoff in semi-arid 
Zimbabwe was investigated by Kristian et al. (1998), on the basis of evalua-
tion of long hydrological time series ranging from 25 to 50 years from six non-
experimental catchments located in countryside and 200–1000 km2 in size range. 
A methodology was implemented by coupling common statistical methods with 
hydrological modeling to discriminate between the impacts of climate changea-
bility and those of land use change. Generally the hydrological model NAM had 

1.1 Response of Water Balance to Land Use Changes
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potential to simulate the detected hydrographs in a good manner throughout the 
reference period, hence providing a source to contribute to the impacts of climate 
changeability and then make stronger the effects of following statistical tests. An 
authorized model was employed to make available the runoff record during the 
test period which would have happened in the nonappearance of land use change. 
The investigation specified a decline in the yearly runoff for most of the six catch-
ments, with the major variations taking place for catchments found within public 
acreage where a significant intensification in agriculture and growth of population 
had occurred. Nevertheless, only in the case of one catchment, the decline was 
merely statistically significant at the 5 % level.

De Roo et al. (2001) explored the origins of the flooding and the impacts of 
land use changes, soil features and predecessor catchment moisture conditions on 
flooding, and then generated a model LISFLOOD for disturbed catchment. Runoff 
in large river basins is triggered by LISFLOOD. The model was implemented on 
two transnational European river basins in order to certify it: the Meuse catchment 
(France, Belgium, Germany and The Netherlands) and the Oder basin (The Czech 
Republic, Poland and Germany). Land use change facts over the past 200 years were 
administered at the instant of model testing in both catchments. In order to trigger the 
impacts of these land use changes on floods, the LISFLOOD model is implemented.

1.1.2  Response of Evapotranspiration to Land Use Changes

Impacts of land use changes on hydrology have been comprehensively described 
by Calder (1993). The key deviations in land uses such as afforestation, deforesta-
tion, intensification of agriculture, drainage of wetlands, construction of roads, and 
urbanization impose strong impacts on the catchment hydrology. Though, the most 
prominent impact imposed by land use changes on the water balance of the river 
catchment is evapotranspiration process (Calder 1993). In addition, evapotranspi-
ration rates vary with land covers. Dissimilar crops having diverse leaf area indi-
ces, vegetation covers, albedo and root depths, and may contribute to this point.

In Indonesia, Olchev et al. (2008) manifested the influence of deforestation and 
land use changes on evapotranspiration process of mountainous tropical rain for-
est zone situated in the northern part of the Lore-Lindu National Park (LLNP) in 
Central Sulawesi (Indonesia). By implementing a regional process-based SVAT 
model “SVAT-Regio”, they computed above constituents. The outcomes speci-
fied a deforestation scenario (allowing for mainly anthropogenic impacts) which 
was employed assumes a comparatively significant decline of the zones covered 
by tropical rain forests, i.e. about 15 %, and an intensification of agricultural (cof-
fee plantations, corn and rice fields) and urban areas. Furthermore, a little upsurge 
of grassland zone is also considered by scenario. The consequences of modeling 
experiments display that 15 % deforestation of the study zone results in compara-
tively a slight reduction of monthly evapotranspiration by about 2 %, transpira-
tion by about 6 % and interception evaporation by about 5 %, along with a rise of 
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soil evaporation by about 21 %. The maximum decline in evapotranspiration was 
found in cloudy days and rainy weather conditions; on the contrary, it was found 
minimum in dry and sunny and days.

Equally important, the relevant interception rates during storms vary with 
nature of land cover to another. Although it is well-established that interception 
losses specify a substantial net increase in evaporative losses of catchment (Ward 
and Robinson 1990), the stated impacts of interception only influence surface run-
off rates and are only perceptible during small storms; in the case of largest storms 
and food events, they pose non-significant impacts (Calder 1993). Land uses also 
disturb the infiltration and soil water redistribution processes as particularly the 
saturated hydraulic conductivity is affected by plant roots and pores resulting from 
soil fauna (Ragab and Cooper 1993). The effects of urban areas and roads con-
struction on overland flow stands as a patent model on such impacts of land cover 
types on the infiltration and soil water redistribution processes. Lastly, land use 
affects roughness of surface and in turn velocity of overland flow and flow rates of 
floodplain are controlled by it.

Several impacts of land use and vegetation on the water balance have been 
explained, for instance those of the shifting vegetation cover (leaf area index) which 
will affect evapotranspiration. But not so much is clear about the impacts of vegeta-
tion on soil characteristics, which affects infiltration and soil water redistribution 
through flow and groundwater recharge. Even though the exact influences of deforest-
ation on catchment water balance is quiet unclear (Bonell and Gilmour 1978), there 
appears to be no uncertainty that land uses affect the hydraulic cycles. Definitely, not 
so much is clear about the computable effects of vegetation on the aforementioned 
processes. One of the main questions is how flora affects the evapotranspiration, infil-
tration, soil water redistribution and their controlling parameters as well.

It is verified that a non-significant difference exists between physical charac-
teristics of soils of different areas selected for study (Cernusca et al. 1999). The 
noticeably complex organic perspectives of abandoned zones and a large amount 
of water can be retained by forestry as compared to that of intensively managed 
hay meadows; in contrast opposite is proved for the mineral soil perspective. In 
the upmost section of the mineral soil perspective, wide pores and infiltration rates 
together upsurge from intensively managed hay meadows to forests. It may be 
attributed to the alterations in litter configuration and quantity, rise of root biomass 
and subsequent alterations in humus content. Conversely, field capacity declines 
with the proliferation of wide pores. Soil of similar properties subjected to inten-
sively managed hay meadows consequently represents the higher water retaining 
capacity and more plan-available water than under cheap management. Overall, 
these dissimilarities in soil physical characteristics don not considerably influ-
ence the soil water balance. Nevertheless, discrete dissimilarities are visible in 
evapotranspiration rates of the selected land use types; ample amount of water is 
transpired into atmosphere by forests and hay meadows than e.g. grasslands and 
unplanted fields. Rates of evapotranspiration were found in range of 38–58 % of 
precipitation across all land-use type. The water left behind infiltrates the soils 
or, to a minor extent, runs off the surface to finally enter the watercourses (Bakar 

1.1 Response of Water Balance to Land Use Changes
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et al. 2015). The consequences of fluctuations in evapotranspiration rates become 
apparent in area water balance models of the smallest watersheds; the end result of 
the entire reforestation of previously cultivated zones would be decrease in run-off 
of 7–52 % (Bou-Vinals unpublished), hence there is a remarkable risk of flooding 
because of fluctuations in forest cover.

1.2  Response of Sediment Yield to Land Use Changes

Increased sediment yields from river basins as a consequence of accelerated ero-
sion triggered by reduction of vegetation cover, agricultural activities, land use 
change, and other forms of catchment disturbance have been increasingly docu-
mented as a serious environmental concern in several areas of the world (Gellis 
et al. 2006). The suspended sediment load is a water quality component with two 
aspects. Its elimination from the soil in surplus amounts might be harmful to the 
soil productivity. In contrast, the suspended sediment in a watercourse is a form 
of a pollutant, by itself and by being a transporter of adsorbed elements such as 
metals and organics. Thus, not only the enhancement of water quality, but also the 
eradication of erosion is of equal importance to control the suspended sediment in 
a watercourse and on a watershed. Nevertheless, two main advantageous aspects 
of suspended sediment are unnoticed. Suspended sediment can be utilized as a fer-
tilizer when applied on land contiguous to the watercourse during floods as well as 
a vital source of sediment to coastal zones with beaches (Albek and Albek 2003).

The outcomes of investigations related to erosion plot and catchment experi-
ments studies in several diverse zones of the world offer a clear indication of a sig-
nificant association of soil erosion rates to land use and correlated anthropogenic 
activities. It is illustrated by Table 1.1 that the transformation of natural vegeta-
tion to cultivation can accelerate rates of soil erosion by an order of magnitude or 
more. Accelerated soil erosion rates can be predictable to give rise to enhanced 
sediment transportation by indigenous watercourses and findings of many previous 
experiments of catchment have proved that reduction of vegetation cover or land 

Table 1.1  A contrast of soil erosion rates under natural uninterrupted conditions and under 
farming in particular regions of the world

Region Land use changes Increase in  
sediment yield

Reference

Zulkifley et al. (2014) 
NewZealand

Clearfelling X8 O’Loughlin et al.

Oregon, U.S.A. Clearfelling X39 Bakar et al. (2015)

Northern England Afforestation (ditch-
ing and ploughing)

X100 Painter et al. (1974)

Texas, U.S.A. Forest clearance and 
cultivation

X310 Chang et al. (1982)

Maryland, U.S.A. Building construction X126-375 Wolman and Schick (1967)
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use change can again cause upsurges in sediment yield of an order of magnitude 
or more (Table 1.2). According to Abernethy (1990) who conducted the experi-
ments over many small reservoir catchments in Southeast Asia then suggested that 
throughout the current century yearly sediment yields have successively enhanced 
by 2.5–6 % year−1 as a consequence of reduction of vegetation cover and conse-
quent increase of land use (Fig. 1.3). Abernethy found that the ratio of the intensifi-
cation in sediment yield to that for population was larger than unity and averaged 
1.6:1 accompanying these changes to manipulation rate of population. Based on 
these outcomes he stated that yearly suspended sediment yields from river basins 
in many unindustrialized states could be likely to twofold within almost 20 years. 
If the aforementioned overviews are combined with evidence on intensification of 
world population and the overall degree of reduction of vegetation cover on land 
and increase of land use, which specifies, for instance, that the zone of the earth, 
s surface rendered crop yield and livestock grazing has enhanced by more than 
five times over the past 200 years (Buringh and Dudal 1987), key enhancements 
in the sediment loads of the world’s rivers could be incidental (Douglas 1967). The 
existing confirmation concerning the influences of anthropogenic activities and 
land use change on the sediment loads of the world’s rivers, is still less clear-cut. 
Prevailing assessments of the overall transmission of sediment from the land surface 
of the globe to the oceans proves that existing flux is around 20–109 tons year−1 
(Milliman and Syvitski 1992; Walling and Webb 1996), nonetheless, the degree to 
which this value has amplified over and above the ‘natural value’ remains undefined.

Sedimentation decreases the storage capacity of reservoirs worldwide (Gharibreza 
et al. 2014; Palmeiri et al. 2001; Nagle et al. 1999). White (2001) and Mahmood 
(1987) determined that the global rate of sedimentation in reservoirs is 1 % year−1. 
Most reservoirs are constructed to be operational for 50–100 years, before sedimen-
tation makes them useless (Gharibreza et al. 2013a). The study of impact of reser-
voir sedimentation has been conducted in detail in Africa (Ward 1980; Jordan 1989; 
Shahin 1993), Asia (Ongkosongo et al. 1992), Australia (Gharibreza et al. 2013b), and 
the United Kingdom (Gharibreza et al. 2013c). Figure 1.3 shows trends of growing 
sediment yield in numerous reservoir catchments in Southeast Asia (Abernethy 1990).

Anthropogenic activities and their effects on reservoirs can enhance the sedimen-
tation rate (Ongkosongo et al. 1992; Renwick 1996). The implementation of effective 

Table 1.2  Selected outcomes from investigational basin studies of the effects of land use varia-
tions on sediment yield

Country Natural (kg m−2 year−1) Cultivated (kg m−2 year−1)

China <0.20 15.00–20.00

U.S.A. 0.003–0.30 0.50–17.00

Ivory coast 0.003–0.02 0.01–9.00

Nigeria 0.05–0.10 0.01–3.50

India 0.05–0.10 0.03–2.00

Belgium 0.01–0.05 0.30–3.00

U.K. 0.01–0.05 0.01–0.30

1.2 Response of Sediment Yield to Land Use Changes
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approaches to decrease sedimentation rates involves distinction between erosion rates 
in unaffected reservoirs and man induced erosion in effected reservoirs (Ongkosongo 
et al. 1992; Palmeiri et al. 2001; Nagle et al. 1999). First project related to sedimenta-
tion of reservoir initiated in Puerto Rico in the 1940s and two-third of 65 reservoirs 
was involved in study in the United States (Fig. 1.4) (Nevares and Dunlop 1948). The 
sedimentation rates were found highest for three reservoirs, Puerto Rico-Comerío, 
Coamo, and Guayabal. Geologic conditions, deforestation, and intensive cultivation 
of steep slopes were contributed to the maximum erosion rates.

According to Gharibreza et al. (2013d), who observed the effects of land use 
change on sediment yield in the Zagbo River Catchment in Southern Benin. It 
was reported that 59 % increase in cultivated surface from 1,080,000 ha in 1962 
to 1,717,000 ha in 1994 (FAO 1997). Land was not adequate because of dense 

Fig. 1.3  Trends of growing sediment yield in numerous reservoir catchments in Southeast Asia 
(Abernethy 1990)
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population and immigration and as a consequence, cultivation of crops intensified 
and the crop-free period shortened. With this dense population and intensified crop-
ping system, farming practices were transforming from semi-permanent to constant 
cropping practices consequently making the outdated ways of reestablishing soil 
fertility via fallow unviable. Eventually, this leads to drop in agricultural yield. The 
trial was to bring to pause the negative trend in agricultural yield because of soil 
erosion and soil degradation, and to reverse the drop of the healthy base (soil). The 
Soil and Water Assessment Tool (SWAT) was employed to predict the impacts of 
different land management scenarios on sediment yield in this zone. The outcomes 
of SWAT model simulation in this project manifested the sensitivity of subbasins to 
develop sediment yield (eight subbasins extracted from a topographic map).

1.2.1  Response of Sediment Flux to Land Use Changes

Indications from previous long-term records of sediment load suggest that river 
sediment fluxes are sensitive to various impacts, comprising reservoir construction, 
reduction of vegetation cover and land use change, other types of land disturbance, 
involving mining activity, soil and water conservation measures and sediment 
management practices and climatic changes. Some of these impacts are source of 
accelerated sediment loads, while others, specifically soil and water storage and 
sediment management practices, and reservoir construction reduced the sediment 
fluxes. In various cases, it is hard to unravel the impacts of climate variation from 
that of other variation in catchment condition. Even though there is clear confir-
mation that the sediment loads of some rivers are fluctuating, others exhibit little 

Fig. 1.4  Photograph presenting complete sedimentation in Comerío Reservoir in 1989. The res-
ervoir was built in 1914 with a storage capacity of 6.06 × 106 m3 and by 1935, was almost 70 % 
filled with sediment (Nevares and Dunlop 1948)

1.2 Response of Sediment Yield to Land Use Changes
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confirmation of any major temporal trend. This could reveal either shortage of vari-
ation in the controlling elements or the buffering of any variation by the river basin. 
In order to evaluate the existing trends in the sediment loads of the world’s riv-
ers, 145 large rivers were selected and their yearly runoff and sediment load were 
calculated. Based on investigation of 50 % of the sediment load data proved to be 
statistically significant increasing or decreasing trends, mostly indicating decreas-
ing loads. When yearly runoff series considered, statistically significant trends 
were followed by a small number of rivers i.e. 30 %. From many previous studies 
it is proved that reservoir construction is possibly the greatest significant impact on 
land-ocean sediment fluxes; however the influence of other factors causing increase 
of sediment loads could be identified as well. A long-term and larger record how-
ever, is requisite to make available more perfect evaluation of existing trends in 
land-ocean sediment transport by the world’s rivers (Walling and Fang 2003).

A study was conducted by Gharibreza et al. (2013e) to investigate the strong 
impacts of variations in climate and land use on the mobilization of fine sediment 
and the net transfer of wash load from the upstream basin to the lower Rhine delta. 
Geographical information system-embedded models was employed to simulate the 
yield, and transfer of wash load through the drainage network and settlement on 
floodplains along the lower river beaches. The outcomes of model show that if cli-
mate changes in accordance with the UKHI climate-change scenario, coupled with 
land use changes, rates of erosion will be accelerated in the Alps and reduced in 
the German part of the basin. In the case of whole basin, erosion will enhance by 
almost 12 %. Nevertheless due to ineffective sediment discharge, accelerated ero-
sion in the Alps will pose little impacts on the sediment load further downstream. In 
the delta zone, sediment loads are predicted to decline by 13 %. When variations in 
river release are considered, it seems that, though highly significant discharges are 
predicted to take place more commonly, sedimentation on floodplains inclines to 
reduce. This is primarily triggered by decreased sediment loads at discharges dur-
ing which the floodplains are just flooded and trapping proficiencies are maximum.

The Goodwin Creek Research Watershed 21.3 km2 in size and is located in the 
north central part of Mississippi in the bluff mountains just east of the Mississippi 
River floodplain. Surveys have been conducted annually regarding land use on the 
watershed and the percentage of cultivated land has reduced from 26 to 12 % from 
1982 to 1990, respectively. In Goodwin Creek throughout the period of 9 years 
the level of fines (<0.062 mm), sand (0.062–2.0 mm) and gravel (>2.0 mm) have 
declined by 62, 66 and 39 %, respectively. The decline in the percentage of culti-
vated land disturbs the sediment budget of the watershed in two ways. A source of 
readily eroded sediment has been eliminated, and the energy of the flowing water 
available to erode and transfer of sediment has been decreased. The lower flow in 
the channels from the less cultivated land in the watershed was possibly the key 
source for the lesser rates of transport of sand and gravel (Zulkifley et al. 2014).

Spatially distributed soil erosion and sediment delivery model (WATEM/SEDEM) 
employed by Ward et al. (2008) in order to simulate sediment yield in Meuse 
basin for three time-periods: 4000–3000 BP (slight anthropogenic impacts); 1000–
2000 AD (involves land use and climate variation); and the 21st Century. Climatic 
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variations are based on climate model output (ECBilt-CLIO-VECODE). For 
the 21st Century the model is forced according to two emission scenarios of the 
Intergovernmental Panel on Climate Change (IPCC), i.e. the SRES scenarios A2 
and B1. These scenarios are assigned towards the upper and lower end of the entire 
IPCC scenario range correspondingly. For 4000–3000 BP the basin is supposed to 
be nearly completely forested; for 1000–2000 AD land use is restored by means of 
CORINE data, ancient sources and land use modelling; and for the 21st Century land 
use is constructed on the European land use change project EURURALIS. At the 
same time as rainfall erosivity is enhanced by merely 3 % between 4000–3000 BP 
and 1000–2000 AD, sediment yield rises from 92,000 to 306,000 Mg a−1. This simu-
lation study proves that almost entire upsurge is just because of the transformation of 
forest to agricultural land. Throughout the period from 1000 to 1900 AD, sediment 
yield increased continuously, with a peak of 388,000 Mg a−1 in the 19th Century 
(because of permanent deforestation). In the 20th Century, reforestation and rapid 
development caused the decline to 281,000 Mg a−1. Although land use change is 
considered as the key factor for long lasting variations in sediment yield, the sensitiv-
ity of sediment yield to climatic variations increases as the proportion of deforested 
land rises. For the 21st Century the outcomes are extremely sensitive to the scenarios 
applied. Because of rather significant rise in rainfall erosivity, sediment yield rises by 
12 and 8 % related to the 20th Century according to scenario A2 and B1 respectively. 
Conversely, the related land use change scenarios are the source to decline in sedi-
ment yield by 26 and 46 % (A2 and B1, respectively). Hence, the overall impact is 
the decline of sediment yield. This investigation manifests the potentially remarkable 
efficiency of land use planning as a tool to alleviate the adverse influences of soil ero-
sion and sediment transport to watercourses.

1.2.2  Response of Suspended Sediment Budget to Land Use 
Changes

Sediment budgets are used by geomorphologists to refer to the main origins, trans-
port pathways and sinks of sediment in a catchment. They have been practiced 
for usual resource evaluation problems, addressing questions for instance; which 
sub-catchments are the prevailing origin of sediment; where is sediment depos-
ited (which often specifies an influence); which practices are the main source of 
the maximum sediment; and, if land use is altered in a fraction of the catchment 
how will that change downstream yield (Prosser et al. 2001). In several develop-
ing states, the management of sediment-related environmental issue is strictly hin-
dered due to absence of data on sediment mobilization and transfer in river basins. 
The sediment budget perception signifies a valuable framework for accumulating 
such data, which can, sequentially, be applied to contribution with the design and 
employment of soil erosion and sediment control strategies (Walling et al. 2001). 
A sediment budget deals with a number of benefits as a modeling framework. The 
clear association of source, to sink, to export can strictly restrain the predictions. 

1.2 Response of Sediment Yield to Land Use Changes
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It lets information on one facet, for instance export rates, to be used to limit other 
facets, for example the potential of sources. Information on the bases of fluxes in 
diverse constituents of a budget offers further limitations (Gharibreza et al. 2013a).

The information required to build a catchment sediment budget is hard to accu-
mulate. Against this background, a combined methodology to establish a catchment 
suspended sediment budget, including a river monitoring station, the application of 
137Cs measurements to evaluate soil erosion and deposition and floodplain accu-
mulation rates within the catchment, and sediment source fingerprinting, has been 
established and verified in the 63 km2 catchment of the upper Kaleya River in south-
ern Zambia. This methodology delivers comprehensive information on discrete 
modules of the suspended sediment delivery system, as well as documents the estab-
lishment of the total catchment sediment budget (Walling et al. 2001).

In order to assess the river health, a model of river sediment budgets was devel-
oped to predict the spatial patterns of transport and deposition of suspended load and 
bedload. The model reflects spatial patterns of three types of sediment source: sheet-
wash, gully and streambank erosion sediment is channeled through river system, inte-
grating modest physical conceptualization of suspended load and bedload deposition. 
A unique aspect of the model is the knack of clearly relate sites of sediment source 
in a catchment to their involvement to downstream export. Figure 1.5 represents the 
conceptualization of the suspended sediment budget for a river link. Generally, the 
best method to represent the dissimilarity between plot and hillslope sediment yields 
and delivery to streams is to relate a hillslope sediment delivery ratio (HSDR) to 
Revised Universal Soil Loss Equation (RUSLE) (Gharibreza et al. 2013a).

Dense population size (3900 km2) causing agricultural intensification is a seri-
ous aspect, with hillslope erosion because of forest removal a prevailing concern 
for the two sub-catchments of Mae Chaem Rive (3900 km2), Thailand (Merritt 
2002) (Fig. 1.6). A sediment source, transport, and deposition model known as 
SedNet has been employed to two sub-catchments, the Mae Suk (95 km2) and 
the Mae Kong Kha (91 km2). SedNet models predict the river sediment loads by 
assembling material budgets that contribute to the key origins and deposits of 
sediment. SedNet models use a simple mean annual conceptualisation of transport 

Fig. 1.5  Conceptualization of suspended sediment budget for a river tank
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and deposition processes in streams and is represented in Fig. 1.7. It is now being 
applied at regional scales such as river catchments, using more detailed inputs 
(DeRose 2002; Bakar et al. 2015; Hartcher et al. 2005).

The source areas of suspended sediment altered considerably between 1995 and 
2003. Mapping of better quality and improved classification of land use (divid-
ing forest types into evergreen, deciduous, and pine plantations) contribute to 
the variations in source areas. Because of land use classification, the uncertainty 
in suspended sediment export decreased by 23 and 17 % with the forest reduction 

Fig. 1.6  Location of two sub-catchments Mae Suk and Mae Kong Kha within Mae Chaem

1.2 Response of Sediment Yield to Land Use Changes
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28.99–12.92 kt year−1 and 26.91–11.44 kt year−1 for the Mae Suk and Mae Kong 
Kha catchments, respectively (Fig. 1.8). More advancement will best be attained by 
upgraded land use coverage which specifies the type of crop being cultivated since 
these crops subsidize a main fraction of sediment yield. It will drop the range of pos-
sible C-factors as well as develop a considerable decrease in uncertainty, and will then 
let us to concentrate on the main source areas of hillslope erosion and sediment yield.

Hillslope erosion can be calculated using the Revised Universal Soil Loss 
Equation (RUSLE) represented by Eq. (1.2) where:

(1.2)Soil Loss
(

t ha−1 year−1
)

= R× K × L × S × C × P

Fig. 1.7  The supposed 
relationship concerning 
HSDR and distance from 
stream

Fig. 1.8  Reductions in 
uncertainty with improved 
landuse classification in the 
Mae Suk and Mae Kong Kha 
sub-catchments
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R  rainfall erosivity factor
K  soil erodibility factor
L S  hill length/slope factor
C  vegetation cover factor
P  Land Use Practice Factor (not used)

Another term, the hillslope delivery ratio (HSDR) is also applied to account for 
redeposition of hillslope sediment before it is discharged into a stream. Total sedi-
ment discharged to stream can be calculated by Eq. (1.3).

Total predicted sediment yield (low to high C-factors) for 1995 in Mae Suk 
was 154.45 kt year−1 (16.98–171.43 kt year−1). This range decreased by 
35–99.76 kt year−1 (31.86–131.62 kt year−1) using the 2003 land use classifica-
tion (Table 1.3).

(1.3)Total sediment delivered to stream = Soil Loss× HSDR

Table 1.3  Categorization of vegetation cover categories and C factors for Mae Suk

1995 
landuse

Law 
C-factor

Sediment contribution 
(kt/year)

High 
C-factor

Sediment contribution 
(kt/year)

Forest 0.010 4.07 0.000 33.06

Fallow 0.020 2.75 0.800 110.39

Fieldcrops 0.250 10.31 0.790 32.59

Paddy 0.100 0.28 0.200 0.79

Urban 0.00 0 0.300 0.03

Total 16.98 Total 171.43

2003 Land use Law 
C-factor

Sediment  
contribution (kt/year)

High 
C-factor

Sediment contribution 
(kt/year)

Hill evergreen 
forest

0.001 2.69 0.003 10.18

Dry deciduous 
forest

0.001 0.20 0.020 2.32

Mix deciduous 
forest

0.001 0.38 0.040 2.89

Hill evergreen  
forest/dry  
deciduous forest

0.001 0.02 0.020 0.45

Pine forest 0.088 0.41 0.088 0.78

Total forest (3.7) (16.62)

Fallow 0.020 2.83 0.340 38.32

Field crop 0.250 27.1 0.790 85.71

Paddy 0.100 1.99 0.280 6.3

Urban 0.000 0.15 0.300 1.89

Fruit tree 0.150 1.16 0.600 2.31

Total 31.86 Total 131.62

1.2 Response of Sediment Yield to Land Use Changes
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The range of total predicted sediment yield for the 1995 land use in Mae 
Kong Kha was 69.56 kt year−1 (12.11–81.67 kt year−1). This range decreased by 
35–45.53 % kt year−1 (21.93–67.46 kt year−1) using the 2003 land use classification 
(Table 1.4). As it is clear from Fig. 1.9 that land use in 2003 has a remarkable impact 
on the hillslope erosion grid. Only satellite image analysis conducted in 1995 shows 
usually more even rates of erosion, though it also represented overprinting impacts 
from hill shadows in the image categorization method. The 2003 categorization conse-
quences in the hillslope erosion categories being more unchanging in particular regions 
and clearly defining land use changes not recognized in 1995 (Hartcher and Post 2005).

In Lake Asan watershed sediment budget of land use changes was calculated 
using the Universal Soil Loss Equation (USLE), sediment delivery ratio (SDR), 
and trap efficiency (TE) coupled with geographic information technology (Kim 
et al. 2014). Variations in soil erosion were analyzed using Landsat-5 TM images. 
The sediment yield to Lake Asan was assessed using the SDR and TE. The data 
obtained related to sediment budget was compared with observed data from the 
Lake Asan watershed from 1974 to 2003. The overall predictable annual mean 

Table 1.4  Categorization of vegetation cover and C factors for Mae Kong Kha

1995 
Landuse

Law 
C-factor

Sediment contribution 
(kt/year)

High 
C-factor

Sediment contribution 
(kt/year)

Forest 0.010 3.86 0.080 33.77

Fieldcrops 0.250 7.06 0.790 21.91

Fallow 0.020 0.69 0.800 27.11

Paddy 0.100 0.51 0.280 1.40

Urban 0.00 0.00 0.300 0.47

Total 12.11 Total 81.67

2003 Land use Law 
C-factor

Sediment  
contribution (kt/year)

High 
C- factor

Sediment  
contribution (kt/year)

Mix deciduous 
forest

0.001 0.99 0.040 6.13

Pine forest 0.088 3.59 0.0088 3.60

Hill evergreen 
forest

0.001 1.17 0.003 3.58

Dry deciduous 
forest/pine forest

0.001 0.39 0.088 3.91

Dry deciduous 
forest

0.001 0.07 0.020 0.43

Total forest (6.21) (17.65)

Field crop 0.250 13.87 0.790 43.96

Paddy 0.100 1.49 0.280 4.43

Urban 0.000 0.11 0.300 1.02

Fruit tree 0.150 0.05 0.600 0.20

Wine 0.800 0.19 0.800 0.21

Total 21.93 Total 67.46
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sediment budgets were 0.267, 0.301, and 0.339 Ã-10 ton in 1986, 1992, and 2000, 
respectively, and its average calculated was 0.302 Ã-10 ton. The average estimated 
sediment budget was 3.15 Ã-10 ton year. The rate of rise in soil erosion was found 
to be about 2 % each year from 1986 to 2000 because of land use change. This 
study was valuable for administrators to recognize reservoir restoration manage-
ment approaches for constant delivery of water for irrigation purpose.

In the Rhine catchment (Fig. 1.10) under Holocene climate conditions, compara-
tively fine sediment is generated, deposited and relocated on the hillslopes and then 
carried to the fluvial system (Fig. 1.11). Sediment discharged in rivers is then trans-
ported to downstream within river channels. In this study sediment budgets were 
estimated by collective measurements of sediment confined in floodplains in the 

Fig. 1.9  Hillslope erosion grid for Mae Suk using ‘best-guess’ C-factors

1.2 Response of Sediment Yield to Land Use Changes
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hinterland and in the Rhine delta (Erkens et al. 2006). Sediment delivery ratios (SDR) 
indicate the fraction of sediment sendoff a region comparative to the quantity of sedi-
ment eroded in that region. The fraction of sediment produced by erosion that reaches 
the river is termed as the hillslope SDR (or HSDR). On the other hand, the fraction of 
sediment that reaches the outlet compared with the sediment carried to the channel is 
termed as the channel SDR, or CSDR terminology following Asselman et al. (2003).

The effect of land use and climatic variations on the fluvial system depends on the 
size of catchment. The size of Rhine catchment is 185,000 km2. A sediment budget is 
estimated to specify the concentration of alluvial sediment that was stored through-
out the Holocene and to evaluate the rates of longstanding soil erosion. The outcomes 
prove that 599/14-109 t of Holocene alluvial sediment is deposited in the non-alpine 
region of the Rhine catchment (South and Central Germany, Eastern France, The 

Fig. 1.10  Location of Rhine catchment with main tributaries in Europe
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Netherlands). Around 50 % of Holocene alluvial sediment is stored along the trunk 
valley and the delta (Upper Rhine, Lower Rhine, coastal plain), whereas the remain-
ing is deposited along the tributary valleys. The floodplain sediment deposition relates 
to an average erosion rate of 0.559/0.16 t ha−1 year−1 (38.59/10.7 mm k −1 year−1) 
across the Rhine catchment exterior to the Alps. This is the average estimation for 
sediments that were transported to the channel network and is at the lower edge of 
erosion rates than that of other investigations adapting different approach.

Hillslope erosion can be defined as “the amount of material that is delivered to 
the channel network”, and the erosion rate ER can be calculated based on the sedi-
ment volume SV deposited on the floodplains in a time interval T.

Based on the work of Gharibreza et al. (2014, 2013b), erosion rates ER* and ER 
(in mm k−1 year−1 and t ha−1 year−1, respectively are measured by Eqs. (1.4) and 
(1.5).

where Af symbolizes floodplain area, Ad symbolizes catchment area and Ad – Af 
symbolizes erosive area (that is the catchment area without the floodplains) and ρʙ 
symbolizes bulk density of the alluvial sediment. The channel sediment delivery 
ratio CSDR in Eq. (1.4) refers to the fraction of the eroded material sendoff the 
river at the downstream end of the investigated zone.

The summary of deposited alluvial sediment concentrations in the Rhine catch-
ment has been described in Table 1.5. Total 37.69/8.3 km3 volume, consistent to 

(1.4)ER
∗
=

SV

T × (Ad − Af)
×

1

1− CSDR
(L/T)

(1.5)ER = ρB × ER
∗ (M/L2/T)

Fig. 1.11  A schematic image for the sediment budget method showing sediment fluxes towards 
sediment fluxes towards the floodplain storage

1.2 Response of Sediment Yield to Land Use Changes
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entire quantity of 53.59/12.4-109 t is deposited in the Rhine catchment. These 
concentrations relate to an eroded volume of 41.99/9.3 km3 (59.59/13.9–109 t), 
supposing a CSDR at the river mouth of 10 % and T-/10,000 year. The outcomes 
indicate that deposited Holocene alluvial sediment is 599/14–109 t in the non-
alpine area of the Rhine catchment (South and Central Germany, Eastern France, 
The Netherlands) (Hoffmann et al. 2007).

In order to assess the discrete modules of the sediment budget for two small 
(<4 km2) lowland and agricultural catchments using 137Cs measurements, sedi-
ment source fingerprinting and other outdated monitoring tools were used by 
(Walling et al. 2002). This involved an illustrative range of slope angles, slope 
lengths and land use. To determine the gross and net erosion rates, a simple topo-
graphically driven soil erosion model (Terrain-Based GIS, TBGIS) employed on 
a DEM. The sediment budgets suggested for the catchments point out the signifi-
cance of subsurface tile drains as a pathway for sediment transport, contributing 
to 60 and 30 % of the sediment yield from the two catchments. The erosions cal-
culated from channel banks were 10 and 6 % of the sediment yield from the two 
catchments. Even though the suspended sediment yields from these catchments 
were crossing the UK standard values (90 t km−2 year−1), the sediment delivery 
ratios were found in range of 14–27 %, demonstrating that a major fraction of the 
mobilized sediment was deposited in the catchments. In-field and field-to-channel 
depositions were revealed to be of alike concentration; nevertheless deposition of 
sediment in the channel system and related wetlands was comparatively small, on 
behalf of <5 % of the annual suspended sediment yield.

1.2.3  Response of Sedimentation Rate to Land Use Changes

Generally the sedimentation rates are estimated based on boreholes for which only 
one 14C-age is accessible (Table 1.6). In these cases merely an average sedimen-
tation rate subsequently storage of the old sample can be calculated. To analyze 
the influence of averaging in Rhine catchment (Fig. 1.12), sedimentation rates 
were modeled on the basis of three different scenarios with altering sedimentation 
rates SRassumed(t). A persistent sedimentation rate of 0.3 mm a−1 was supposed 
by the 1000 BC scenario during 12000 and 1000 BC and a linear rise from 0.3 to 
4 mm a−1 from the time when 1000 BC to present. There was similarity between 
the 500 AD, 1800 AD and 1000 BC scenario, however in the case of 500 AD and 
at 1800 AD, a linear rise observed later. On the basis of these scenarios, the depth 
D of subsurface layers with different ages T can be measured by Eq. (1.6).

Modelled mean sedimentation rate SRmodel is obtained by D/T ratio, and it was asso-
ciated to the observed mean sedimentation rates SRmean.obs given by the 14C-date. 

(1.6)D =

T̂

0

SRassumed(t)dt
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The SRmean.obs of each 14C-age was estimated on the basis of its depth D and its age 
T by SRmean.obs = D/T self-reliantly of other 14C-dates in the same borehole.

On the basis of a recently piled up 14C-database of alluvial and colluvial sam-
ples, floodplain sedimentation rates (SR) were estimated on the basis of 14C-date 
Ti and its depth Di below the surface using Eq. (1.7).

and Di−1 and Ti−1 denotes the depth and age of the following stratigraphic younger 
14C-sample. Ti denotes the mean value of the 2σ-age range given by the calibrated 
age. In the case of the uppermost 14C sample, i = 1 and D0 = 0 and T0 = 0.

By using Eq. (1) sedimentation rates are estimated from 14C-samples and found 
in range of 0.1 and 1 mm a−1 previous to 0 BC/AD and illustrate a strong scatter 
afterward 0 BC/AD (Fig. 1.13a). Though, at numerous sites sedimentation rates 
keep on persistent after 0 BC/AD, at other sites highest floodplain sedimentation 
rates accelerate up to 8 mm a−1 throughout the past 2000 years. The scatter plot 
presented in Fig. 1.13a can best be explained by a power law increase with:

where SRmax = sedimentation rate in mm a−1 and T = time in years before 2000 
AD (black line in Fig. 1.13a).

Effect of land use change on sedimentation rate was investigated by Godwin et al. 
(2011) during the 2009–10 rain spell at Chesa Causeway Dam in the Upper Ruya sub-
catchment of Zimbabwe (Fig. 1.14). Sample collection after storm events enhances 
the possibility of overlapping with peak sediment levels. By averaging the monthly 
sedimentation rates the sediment concentration was determined. The sediment quanti-
fication was done using the following Eqs. (1.9, 1.10, 1.11, 1.12, and 1.13):

where 

MAI  is the gross mean annual reservoir inflow (m3 year−1)
CA is  the catchment area (km2)
MAR  is the mean annual runoff (mm year−1)

(1.7)SRi,obs = (Di − Di−1)/(Ti − Ti−1)

(1.8)SRmax = 222.5T−0.7

(1.9)MAI = CA ∗MAR

Table 1.6  Distribution of 14C-samples in drillings (leftward) and catchments of different sizes 
(rightward)

#14C-samples per drilling Number of drillings Catchment size (km2) #14C-samples

1 45 – 12

2 16 <0.1 1

3 4 0.1–10 5

4 5 1–10 27

5 0 10–100 28

6 1 100–1000 35

7 1000–10,000 7

1.2 Response of Sediment Yield to Land Use Changes
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where

SRg  is the gross storage ratio
DC  is the gross dam capacity

(1.10)SRg = DC/MAI

Fig. 1.12  Rhine catchment with citation of corings, cross-sections and 14C-samples
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Fig. 1.13  a Fluctuating floodplain sedimentation rates based on the basis of 14C-ages from 
floodplains of German rivers. Signs denote the area of the respective catchment. b Impact of 
averaging because of sedimentation rate measurement employing the 14C-ages and sample 
depths. The three scenarios vary on the arrival of enhanced sedimentation at 1000 BC repre-
sented by blue line, 500 AD represented by green line and 1800 AD, represented by red line. 
The wrecked lines depict the deceptive sedimentation rates for the three scenarios. c Comparison 
of calculated sedimentation rate from the 14C-ages and deceptive sedimentation rates measured 
from 1000 BC, 500 AD and 1800 AD scenarios (Hoffmann et al. 2008)

1.2 Response of Sediment Yield to Land Use Changes
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where Tŋ is the trap efficiency (%)
On the whole, the trap efficiency is supposed to be 100 % for most reservoirs 

were the gross storage ratio >0.1

where SY is the mass of sediments in the inflowing river in t year−1 (Sediment 
yield), SC is the sediment concentration

where SSY is the specific sediment yield which gives a measure of mass of sedi-
ments per unit area per given time (measured in t km−2 year−1) and A is the area 
of the catchment in km2. Following above procedure sediment investigation exhib-
ited that the sediment specific yields at the dam were 774 t km−2 year−1 applying 
the grab sampling method and 503 t km−2 year−1 calculated from hydrographic 
survey. It is portrayed from Fig. 1.15 that the reservoir basin has condensed in 
altitude up to 1 m from the original (where the original initial delineation was 
92 m) this can be endorsed to the existing accelerated rates of sediment yields 
i.e. 503 t km−2 year−1 being dumped into the reservoir. This has caused the dam 
capacity falling by 46 % throughout the period of 12 years (1991–2003); there is 
a 33 % drop throughout the duration of 2003–2010 and the total drop in storage 
volume over 19 years estimated as 67 %. If no interferences are laid in place to 
lessen the specific sediment yields supposing persistent rate of dumping the reser-
voir would be entirely silted up in the subsequent 11 years which is 20 years less 
the calculated duration.

(1.11)Tn = (0.1+ 9 ∗ SRg) ∗ 100

(1.12)SY = MAI ∗ SC/1000

(1.13)SSY = SY/A

Fig. 1.14  Chesa Causeway Dam in the Upper Ruya sub-catchment of Zimbabwe
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Abstract Land use changes in response to water balance in Iran were studied. 
About 29 % of total land comprise of agriculture and considered one of most sig-
nificant economic sector. In northern Iran, Gorganrood, a mountainous catchment 
comprehensively examined by using WetSpa model which comprises of topogra-
phy, soil and land use maps to predict discharge hydrographs and spatial distribu-
tion of hydrological factors. Deliberated hydrological processes in the model are 
evapotranspiration, precipitation, depression storage, interception, surface runoff, 
percolation, interflow, infilteration, ground water flow and water balance in each 
layer of soil. Response of water balance in soil and water in Kanyanrood catch-
ment, Lake Urmia basin, Karkheh catchment, sedimentations, sub-catchments also 
mitigated. Different models used in the study also discussed.

Keywords Agriculture · Hydrological processes · Interflow

2.1  Response of Water Balance to Land Use Changes in Iran

Iran is in the Middle East with an area of approximately 1.75 million km2. Almost 
510,000 km2 land of Iran is allotted for the agriculture which indicates the 29 % 
of the entire land of Iran. The agricultural sector is one of the most significant 
economic sectors in Iran, and has extensively expanded in the last two decades 
as very large population is economically reliant on it. In 2007, agricultural yield 
contributed for 23 % of the Gross Domestic Product (GDP), 9 % higher than that 
of in 1992 (FAO 2008). Almost 90 % of the water resources are assigned to the 
agriculture sector (Ardakanian 2005). As it is represented by Fig. 2.1 that in 2004, 
92.2 % of entire water withdrawal was supplied to the agriculture sector in Iran. 
Hence, with the increase in population size and higher demand for food, more land 
has been used for crop growth and there is a high pressure on natural resources, 
particularly water. Iran is one of the countries that have to pay grants to utilize 
resource, mainly water resources which attribute to the poor management in agri-
culture (FAO 2008).

Chapter 2
Effect of Land Use Changes on Water 
Balance and Sediment Yield in Iran

© Springer Japan 2015 
M. Hosseini and M.A. Ashraf, Application of the SWAT Model for Water 
Components Separation in Iran, Springer Hydrogeology,  
DOI 10.1007/978-4-431-55564-3_2
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2.1.1  Gorganrood Catchment

Gorganrood is mountainous catchment located in the northern Iran, Caspian 
coast (Fig. 2.2). Effect of land use changes on water balance and its components 
in Gorganrood catchment, Iran was comprehensively examined developing a spa-
tially distributed hydrologic model (WetSpa) for the period of last two decades. 
This model comprises of topography, soil and landuse maps (Fig. 2.3) to predict 
discharge hydrographs and spatial distribution of hydrological factors. Figures 2.4 
and 2.5 represent two resultant parameter maps, which are imperative for model 
simulation, i.e. potential runoff coefficient and flow travel time maps, respectively. 
For each grid cell the model holds water balance in the root zone by analyzing 
variations in soil moisture because of continuous alterations in infiltration of pre-
cipitation, runoff, initial absorption, evaporation transpiration, interflow, and per-
colation to the groundwater zone. The model provides all flow modules at any cell, 
comprising surface flow, interflow and groundwater flow.

The deliberated hydrological processes in the model are evapotranspiration, 
precipitation, depression storage, interception, surface runoff, percolation, inter-
flow, infiltration, groundwater flow, and water balance in each layer. A schematic 
representation of the considered hydrological processes can be seen in Fig. 2.6.

Isolated water balance for the vegetated, bare-soil, open water and impermeable 
share of each cell accounts for entire water balance for each raster cell. For each 
grid cell, the modeling of root zone water balance is performed constantly by asso-
ciating inputs and outputs determined by Eq. (2.1).

(2.1)D�θ/�t = P–I–V–E–R–F

Fig. 2.1  East Azerbaijan and West Azerbaijan agricultural land, Lake Urmia Basin (Zulkifley 
et al. 2014)
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Fig. 2.2  Location of Gorganrood basin, with main tributaries and stations

Fig. 2.3  Land use map of the Gorganrood basin

2.1 Response of Water Balance to Land Use Changes in Iran
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Fig. 2.4  Potential runoff coefficient map of the Gorganrood basin

Fig. 2.5  Flow travel time of the Gorganrood basin
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where D [L] is the root depth, Δθ [L3L-3] is the alteration of soil moisture, Δt 
[T] is the time interval, I [LT-1] is the initial perception comprising interception 
and depression losses within time step Δt, V [LT-1] is the rate of surface run-
off or rainfall excess, E [LT-1] is the actual evapotranspiration from the soil, R 
[LT-1] is the filtration out of the root zone, and F [LT-1] is the concentration of 
interflow in depth over time. The rainfall excess is measured applying a mois-
ture-related altered rational technique with possible runoff coefficients reliant on 
land cover, soil type, slope, the extent of rainfall, and the precursor soil moisture. 
In the case of surface layer, actual evapotranspiration is calculated as an area-
weighted mean of the land use percentage. The course-plotting of overland flow 
and channel flow is employed by the process of the diffusive wave approximation 
of the St. Venant equation (2.2):

where Q [L3T-1] is the discharge at time t and location x, t [T] is the time, x [L] 
is the distance along the flow direction, c [LT-1] is the location dependent kin-
ematic wave celerity and is interpreted as the velocity by which a disturbance 
travels along the flow path, and d [L2T-1] is the location dependent dispersion 
coefficient, which expresses the tendency of the disturbance to disperse longi-
tudinally as it travels downstream. supposing that the hydraulic range lines the 
deepness of the average flow for overland flow and waterways, c and d can be 
estimated by c = (5/3)v, and d = (vH)/(2S0), where v [L/T-1] is the flow velocity 
measured by the Manning equation, and H [L] is the hydraulic range or average 
flow depth. Model was calibrated for the investigated catchment area for the dura-
tion of 1983–1989, whereas the duration from 1990 to 1995 was implemented for 
model validation.

(2.2)
∂Q

∂t
= d

∂2Q

∂x2
− c

∂Q

∂x

Fig. 2.6  WetSpa model structure

2.1 Response of Water Balance to Land Use Changes in Iran



38 2 Effect of Land Use Changes on Water Balance …

Assessment of the result illustrates that the plant canopy interrupted 6.22 % of 
the precipitation, 90.19 % penetrates to the soil, 84.41 % evapotranspiration to the 
atmosphere, 12.43 % recharges to the groundwater reservoir, and 15.83 % converts 
into runoff, of which 2.71, 1.15 and 11.97 % forms the surface flow, interflow, and 
groundwater flow, respectively. Furthermore, these calculated amounts are equita-
ble related to the hydrological properties of catchment.

Annual changes in water balance and its modules (mm) have been described 
comprehensively in Table 2.1. The flow (R) involves the surface runoff (RS), inter-
flow (RI) and groundwater flow (RG). Different modules of the computed flow in 
association with rainfall are presented in Fig. 2.7 (Kabir and Bahremand 2011).

2.1.2  Zanjanrood Catchment

The hydrological impacts of land-use change in Zanjanrood basin, Iran were 
explored in order to make useful strategies for sustainable availability of water 
resources. The simulation of water balance was performed employing the Soil and 
Water Assessment Tool (Ashraf et al. 2014). Model calibration and uncertainty 
assessments were conducted applying sequential uncertainty fitting (SUFI-2). Data 
obtained by simulation study from January 1998 to December 2002 were pro-
vided for further parameter calibration, and after this the model was certified for 
the period of January 2003 to December 2004. The expected monthly streamflow 
coincided with the observed values: throughout calibration the correlation coeffi-
cient was 0.86 and the Nash–Sutcliffe coefficient 0.79, compared with 0.80 and 
0.79, respectively, during validation. With the intention of investigation of impacts 
of land-use changes in 1967, 1994 and 2007, the model was employed to simulate 
the key modules of the hydrological cycle. The results illustrate that throughout 
1967 a 34.5 % reduction of grassland with simultaneous upsurges of shrubland 
(13.9 %), rain-fed agriculture (12.1 %), bare ground (5.5 %) irrigated agriculture 
(2.2 %), and urban area (0.7 %) resulted in a 33 % rise in the magnitude of surface 
runoff and a 22 % drop in the groundwater recharge. Additionally, the area of sub-
basins which was affected by intensive runoff enlarged from 14 to 28 mm. The 
consequences point out that the hydrological retort to overgrazing and the substi-
tuting of rangelands (grassland and shrubland) with rain-fed agriculture and bare 
ground (badlands) is nonlinear and manifests a threshold impact. The runoff inten-
sifies radically when clearing of rangeland exceeds 60 %. Conversely, groundwa-
ter suppressed by 80 % in rangeland (Ghaffari et al. 2009).

2.1.3  Lake Urmia Basin

The Lake Urmia basin is located in the North West of Iran with high mountain 
areas, foothills, and plains. It is a closed drainage basin (i.e. no outlet) with an area 
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of about 51,876 km2 (Fig. 2.8). Lake Urmia basin is just about 3 % of the total 
area of Iran (FAO 2008), with about 51,876 total km2 and 18,702.86 km2 agri-
cultural lands in East Azerbaijan and West Azerbaijan, respectively (Ardakanian 
2005). In the Lake Urmia Basin, increasing population, socio-economic progress 
and the enlargement of farming land to supply foodstuff have resulted water 
scarcity.

Fig. 2.7  Comparison between different estimated flow modules and rain quantity

Fig. 2.8  Lake Urmia basin 
map (Sima and Tajrishy 
2013)
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As irrigation has intensified in both West Azerbaijan and East Azerbaijan, so 
the water accessibility in the downstream regions has been rigorously reduced. 
The intensive cultivation on acreage after the hydrometric stations could be delib-
erated as one of the key complications to calculate the volume of water delivered 
to the Lake (Sima and Tajrishy 2013). Release of water from the rivers and canals 
are problematic as well, and the recent droughts in the area have had substantial 
influence on rivers influx and lake water balance. For example, in recent years, no 
water inflow to the lake from the Mardogh Chai River was noticed after establish-
ment of Baba roud station (Sima and Tajrishy 2013).

From 1969 to 1998, the area of lake surface has been comparatively persistent 
(5300 km2) (Fig. 2.9) (UNEP 2012). Since 1998, the lake size has been reduced to 
the less than its half size. According to satellite data, its area condensed to around 
2366 km2 in August (Fig. 2.9) (UNEP 2012). In 1995 highest water level was 
recorded in Lake Urmia and exceeding 1277.49 m of sea level (Fig. 2.10) (Natural 
Resources and Watershed Management Organization 2011). As it is clear in an 
aerial photographs in Fig. 2.10, the surface area of Lake Urmia basin has reduced 
in generally at the south and east position during 2006 and 2011. Decreasing of 
the Lake surface area could be address to the reduced water influx to the lake 
exactly from mid 1990s which water level affectedly has declined up to present-
day (Fig. 2.10 and Table 2.2).

The entire watercourses and streams reach to this lake has been desiccating at 
very fast rate since 1990. The maximum lake water level noted was 1277.80 m in 
1994 whereas it was dropped up to 1271.58 m in 2008. The lake water capacity 
has altered throughout the investigation period and displays a reduction from 32 to 
14.5 million m3, while the lake salinity went up from 205 to 338 g L−1 because of 
the high evaporation rate and low water influx. Regarding Lake Urmia basin, there 
has been an increase in public wakefulness of the emerging water scarcity, envi-
ronment and all the challenges that could definitely become crisis for the native 
people of that area.

2.1.4  Karkheh Catchment

An inclusive spatio-temporal evaluation of the surface water resources of the semi-
arid Karkheh basin, Iran was performed which subsequently facilitates policy 
makers to do efforts for sustainable water development in that area. The investiga-
tion is on the basis of the consideration of statistical parameters, flow interval fea-
tures, base flow separation and trend analysis and for this purpose data collected 
from seven main gauging stations (Fig. 2.11) were employed from 1961 to 2001. 
In addition, basin level water accounting was done for the water year 1993–1994. 
The results illustrates that detected daily, monthly and annual streamflows are 
extremely flexible in space and time within the basin (Fig. 2.12). The streamflows 
have not been altered considerably when measured at annual basis; nevertheless 
major trend has been exhibited for few months, most particularly a drop for the 
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period of May–June and a rise for the duration of December–March. Figure 2.13 
shows that hydrograph peaks occur in March and April roughly one month in the 
lag of precipitation. Snow melting in the winter season and contribution of water 
after passing through different waterways such as ground water is a major source 
of streamflow. The key reasons involved the climatic variations, land use and 

Fig. 2.9  Landsat image of Lake Urmia (Source 1963 Image: ARGON data from USGS; 1969 
image: Corona data from USGS, visualization by UNEP GRID Sioux Falls; 1972–2011 images: 
Landsat data, 2011 image: visualization by UNEP GRID Sioux Falls
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Fig. 2.10  Lake water inflow and Lake water level. Data from Natural Resources and Watershed 
Management Organization (2011)

Table 2.2  The water inflow to the Lake Urmia Data from (Sima and Tajrishy 2013)

Year 1978 1986 1993 1998 1999 2000

Water inflow to the 
Lake (MCM)

13,526.7 10,725.82 8845.49 586.34 439.97 341.2

Fig. 2.11  Location of Karkheh basin with seven gauging stations

2.1 Response of Water Balance to Land Use Changes in Iran
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reservoir practices. The study accomplishes that the water distributions to various 
sectors were lesser than the entirely accessible resources throughout the investi-
gation period (Fig. 2.14). Though, regarding the large variability of streamflows, 
climatic variations, land use and current water resources development practices, 
it will be enormously challenging to full fill the requirements of all sectors in the 
upcoming years, predominantly in the course of dry season (Masih et al. 2009).

Fig. 2.12  Average yearly variability daily streamflow during 1961–2001

Fig. 2.13  Average monthly discharge in study area of Karkheh basin, Iran
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2.2  Response of Sedimentation to Land Use  
Changes in Iran

One of the most important concerns in arid and semi-arid areas, Iran is water erosion 
and sediment transport. Soil particle transmission from farm and orchards to other 
areas causes the fertility of such lands decreases gradually (Sarmadian et al. 2010). 
Deforestation in Iran has been more rapid in the past 50 years than at any time in 
Iran’s history. Intensive cultivation and mismamnagement have caused environmental 
problems and soil degradation (Bakar et al. 2015). Moreover, sedimentation in water 
channels clogs the water ways; it may also transfer pollutants into farm lands and 
dams, which are used for irrigation and drinking purposes (Sarmadian et al. 2010).

Erosion causes serious consequences for economy as well as the environmen-
tal productivity. The important influences of soil erosion are manifest in areas 
which don’t have erosion but suffer from its consequences by sediment deposition 
in watercourses and reservoirs, water quality and flow rate decreasing (Gharibreza 
et al. 2014). All these results have a negative impact on water of river regimes. 
There are many erosion classifications available in the literature review. Since water 
erosion is the most significant problem in western Iran, Surface erosion and mass 
movements in the catchment body, produce the soil loss which is due to its mov-
ing to another area as sediment. Development strategies led to changes in land use 
which exposed sensitive geological formations, consisting largely of shale and 
marl, to soil erosion. Moreover, poor vegetation cover in the Zagros Mountains was 
one of the main factors which caused millions of tons of soil to be transported by 
water to downstream catchments. Surface erosion and sediment yield are important 
factors that should be taken into account in planning renewable natural resource 

Fig. 2.14  Long-term variability in yearly surface water availability in Karkheh basin, Iran

2.2 Response of Sedimentation to Land Use Changes in Iran
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projects. The Zagros mountain range begins in northwestern Iran and roughly 
 corresponds to Iran’s western border, and it spans the whole length of the western 
and southwestern Iranian plateau, ending at the Strait of Hormuz.

2.2.1  Sub-catchments (Amrovan, Atray, Ali Abad,  
Ebrahim Abad, Royan)

Several experimental models were used for predicting the erosion severity and sedi-
ment yield in a sub-catchment area. Response erosion severity and suspended sedi-
ment yield to land use changes of five small catchments (Amrovan, Atray, Ali Abad, 
Ebrahim Abad, Royan), Semnan Province, Iran (Fig. 2.15) were assessed implement-
ing PSIAC model using consistent sediment yield data dumped in reservoir built in 
the outlet of these catchments (Gharibreza et al. 2013a). A strong positive correlation 
was found between Upland erosion and Specific Sediment Yield i.e. r2 = 0.86.

Fig. 2.15  Location of five sub-catchments (Amrovan, , Ali Abad, Ebrahim Abad, Royan)
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This method involves nine parameters that rely on surface geology, soils, cli-
mate, runoff, topography, ground cover, land use, channel erosion, and upland ero-
sion. Each parameter is divided into various definite categories, and dependent on 
the extent of influence of each parameter category; a weighting value is allotted to 
each category using the model tables (PSIAC 1968).

Nine PSIAC parameters have been rated on the basis of PSIAC Guide Tables 
for investigation of catchments which can be seen in Table 2.3. The totalities of the 
calculated values for the suitable properties of the nine parameters generated the 
total score (Pt) and rating class for the catchments, and then followed by putting of 
a linear regression between Pt and the detected value of suspended sediment yield 
to calculate predicted suspended sediment yield. Equation 2.3 can be used to cal-
culate specific sediment yield.

where, specific sediment yield is denoted as SSY (t ha−1 year−1), PSIAC total 
score as Pt which is found by summing each discrete parameter (Table 2.3).

The findings of this investigation point out that all of the catchments are associ-
ated with modest rating class of suspended sediment yield i.e. class 3. Amrovan 
sub-catchment was found to have maximum magnitude of PSIAC predicted sus-
pended sediment yield (3.171 t ha−1 year−1), on the other hand it was minimum 
(1.74 t ha−1 year−1) for Atray sub-catchment.

In order to evaluate relationship between nine PSIAC parameters and sus-
pended sediment yield for different catchments, linear regression and correla-
tion analysis was performed for detected suspended sediment yield and the score 
of each parameter for the catchments (Fig. 2.16). Surface geology has signifi-
cant influence (Fig. 2.16a), due to great distinctions in erodibility of geological 

(2.3)SSY = 4.119 Pt+ 55.31(R2 = 0.755)

Table 2.3  Scores and coefficient of different PSIAC factors and the quantity of predicted SSY 
in the study catchments

PSIAC factors Catchments

Amrovan Atray Ali Abad Ebrahim Abad Royan

Surface geology (y1) 5.99 5.76 5.74 5.18 5.66

Soil type (y2) 4.28 3.43 1.97 4.35 4.65

Climate (y3) 1.12 1.12 1.12 1.12 1.12

Runoff (y4) 0.71 1.21 0.72 1.14 1.20

Slope (y5) 3.76 5.26 5.35 9.67 7.90

Ground covers (y6) 16.03 13.80 15.36 13.90 11.4

Land use (y7) 17.67 16.77 18.58 17.95 17.41

Upland erosion (y8) 16.58 6.20 7.08 5.40 7.85

Channel erosion and sediment 
transport (y9)

4.09 0.00 1.51 0.00 5.03

Total score (Pt) 70.23 53.55 57.43 58.71 62.22

Rating class 3 3 3 3 3

Predicted SSY (t ha−1 year−1) 3.171 1.74 1.99 2.09 2.35

2.2 Response of Sedimentation to Land Use Changes in Iran
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Fig. 2.16  Relation concerning each PSIAC scores and observed suspended sediment yield. Hor-
izontal diagrams are observed suspended sediment yield (t ha−1 year−1) and vertical diagrams 
are individual PSIAC scores. a Surface geology, b soil type, c runoff, d slope, e ground cover, 
f land use, g upland erosion and h channel erosion and sediment transport
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materializations in the catchments. For instance, Amrovan and Royan catchments 
contain highly weathered constituents such as marl and quaternary whereas rest of 
the catchments (Ebrahim Abad, Atray) have a more resilient geology for example 
Azarin rocks.

The catchments under investigation showed distinction based on soil texture 
(Fig. 2.16b). Therefore, impact of soil is in range of low to moderate in zones 
where there is maximum to minimum stone coverage and moderate to high in 
zones where there is a soil that is categorized between moderate to single grained 
textured soils. The erodibility of a soil is affected by stony layer (Poesen et al. 
1994; Nyssen et al. 2001) and grain dimension (Morgan 1986; Evans 1980).

Furthermore, runoff is an imperative factor in clarifying suspended sediment 
yield variability between the catchments (Fig. 2.16c). Runoff is further influenced 
by other factors (land use, soil and water conservation practices, slope, lithol-
ogy and soil conditions) (USDA-SCS 1964). Topography exhibits comparatively 
strong impact on the changeability of specific sediment yield (Fig. 2.16d); though 
most of the regions of Amrovan, Ali Abad and Atray catchments are categorized 
based on steep upland slopes i.e. >20 % and in the Ebrahim Abad and Royan these 
are higher slopes i.e. <20 %. The effect of topography may be partially concealed 
by collaboration of impacts. Since stoniness may be anticipated to upsurge with 
degree of slope, the impacts of slope steepness and soil cover on erosion may neu-
tralize each other (Haregeweyn et al. 2005).

The land cover is highly interrelated with suspended sediment yield 
(Fig. 2.16e). The influence on suspended sediment yield changeability is  
strong as a number of catchments stay ploughed and bare during rainy season 
(e.g. Amrovan), Though others are significantly safe because of being well cov-
ered. The impact of vegetation cover in decreasing soil erosion has been proved by 
conducting research related to vegetation cover: for instance cover associated with 
interception and cover in directly connected with the soil layer such as the impact 
of remains of crops (Morgan 1986) and stones (Nyssen et al. 2001). Besides inter-
ception, land cover disperses the energy of surface runoff by enhancing uneven-
ness (Morgan 1986).

A weak correlation exists between land use and SSY (Fig. 2.16f), primarily 
due to insignificant land use changes across the catchments; above 90 % of the 
zone of most of these catchments consist of rangeland. Upland erosion and sus-
pended sediment yield are highly interrelated (Fig. 2.16g) in these catchments, 
erosion takes place by rill, inter-rill and some gully erosions. Even though rates 
of erosion are suppressed in the catchments having prevailing shrub land and well 
stone cover: for example Ebrahim Abad and Atray catchments, a number of catch-
ments like Amrovan the proportion of shrub and stone cover is very poor. Channel 
erosion is also representing some variable clarifying suspended sediment yield 
(Fig. 2.16h) in our study catchments there are no large waterways. Conversely 
in the Amrovan and Royan there are some small and not well developed water-
ways. The sediment yield from waterways is generally due to the occurrence of 
very erodible parental constituents such as marl in the case of this catchments and 
because of the vertices property of clay developments (Gharibreza et al. 2013b) 
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that are vulnerable to penetrating that results in bank flop and vigorous head cuts 
(e.g. Amrovan). Henceforth, importance should be given to recovering the water-
ways and the routed sub catchments while planning soil and water management 
practices in the catchments.

The analysis illustrates that suspended sediment yield differs considerably 
between catchments, i.e. from 3.57 to 0.35 t ha−1 year−1. The remarkable spatial 
variability in suspended sediment yield is primarily related with dissimilarities in 
lithology, runoff, topography, ground cover and upland erosion.

2.2.2  Karkhe Catchment

In recent times, Karkhe watershed (KW) with size above 5 million ha faced 
many complications in the natural, social and man-made habitats. Improper land 
practices, soil erosion and shortage of rainfall are the most critical issues in this 
watershed disturbing the entire area basically. As anticipated, these complications 
have resulted in a substantial decrease in biodiversity in fauna and flora, a decline 
in capacity and excellence of water resources in watershed and intensification in 
possibility of destructive overflows. With the aim of investigation related to land 
use variations and soil erosion in 5 sub-regions of Karkhe watershed, LANDSAT 
images were developed for two periods of time ‘1988 and 2002’. The impacts of 
these operations on the physico-chemical properties of water like cation and anion 
level, acidity and salinity were determined. It was concluded that erosion variations 
in Karkhe Watershed are negligible from 1988 to 2002. The range of urban area and 
irrigated agricultural lands in Karkhe sub-regions (Gamasiab, Gharresu Kashkan) 
are about 1000 and 2000 km2 correspondingly, the drop in river discharge almost 
121.6 m3 s, is the highly effective parameter for the drop in acidity from 7.9 in 
1988 to 8.1 in 2002, an increase in salinity from 1.6 mg L−1 in 1988 to 3.6 mg L−1 
in 2002 as average quantity of SAR in all sub-regions of watershed and the high 
density of the anions from 8.1 mg L−1 in 1988 to 16.4 mg L−1 in 2002 and cations 
from 8.8 to 16.5 mg L−1 in Karkhe River. According to the deputy of watershed 
management, Jihad agriculture in Iran, in 2004 the key concern in this area is the 
conversion of lands into geologically erodible lands which forms over 79 % of the 
entire watershed consequently generating sediment at about 1.5 million m3 year−1 
that discharges directly into the Karkhe catchment (Mahmoudi et al. 2010).

2.2.3  Chamgardalan Catchment

Chamgardalan catchment is one of the sub-catchments of Karkheh watershed with 
the size 583.7 km2 (Fig. 2.17). This watershed is positioned between latitudes 33° 
23′N to 33° 40′N and longitudes 46° 16′E to 46° 40′E. GIS (ArcGIS9.3) was used 
for erosion intensity maps and the quantification of sediment yield/transport as 
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well (Fig. 2.18). Description of the coefficient maps (Xa, Y, ϕ and j) was on the 
basis of spatial input data, viz. land use/land cover map (Fig. 2.19), DEM (Digital 
Elevation Model) (Fig. 2.20), geology of area (Fig. 2.21), and satellite images of 
area. The Y coefficient map represents the soil confrontation to erosion which is 
developed on the basis of geology and soil data.

By using EPM method, average yearly catchment Degradation Wsp (average 
yearly sediment yield) is determined by means of the following Eq. (2.4):

where h (mm) indicates average yearly rainfall, F represents catchment area (km2) and 
T signifies the temperature coefficient and t is average yearly air temperature (°C).

Erosion coefficient Z can be calculated by Eq. (2.6).

where Y: indicates Coefficient of the soil confrontation to erosion (functions of 
geology and soil type), X: indicates Land use/land cover coefficient, a: represents 
conservation coefficient after an erosion estimates (here a = 1), ϕ: indicates coef-
ficient of the observed erosion process (takes into consideration clearly detectible 
erosion processes), j: indicates average slope of the catchment.

(2.4)Wsp = T × h× π × (aZ3
× F)(m3 year−1)

(2.5)T =

(

t

10
+ 0.1

)1/2

(2.6)Z = Y × Xa× (ϕ + j)

(2.7)R =
4(P × D)1/2

L + 10

Fig. 2.17  Location of Chamgardalan catchment

2.2 Response of Sedimentation to Land Use Changes in Iran
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R  is coefficient of sediment formed in any homogenous units,
P  Perimeter of the homogenous unit (km),
L  Length of the homogeneous unit (km),
D  Average altitude gradient (km).

Finally, Gs symbolize the average yearly sediment amount that enters the detected 
cross-section which is calculated by multiplying Eqs. (2.4), and (2.7) as indicated 
by Eq. (2.8).

All EPM functions are determined in homogeneous unit (Fig. 2.22).
The main objective of the study was qualitative and quantitative estimation of 

the erosion and sediment yield of Chamgardalan watershed, Ilam Iran by applying 

(2.8)Gs = T × H × (Z3)× F × R (m3 year−1)

Fig. 2.18  Erosion quality map of Chamgardalan catchment
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Fig. 2.19  Land use map of Chamgardalan catchment

2.2 Response of Sedimentation to Land Use Changes in Iran
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Fig. 2.20  Digital elevation map (DEM) Chamgardalan catchment
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Fig. 2.21  Geology map of Chamgardalan catchment

2.2 Response of Sedimentation to Land Use Changes in Iran
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Fig. 2.22  Homogenous units map of Chamgardalan catchment
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EPM (Erosion Potential Method) and field data in GIS software. A grid-based 
distributed model EPM well-matched with ArcGIS9.3 Geographic Information 
Systems (GIS), was employed to 583.7 km2 Upper Ilam Dam River in Ilam prov-
ince. Model considerations were derivatives of digital elevation model (DEM), 
land use and soil type map of the basin. These considerations and the obtained 
regular climatological data (1998–2010) were applied (1) to examine the presenta-
tion of the EPM model in order to assess the entire sediment yield, (2) to classify 
various erosion modules. The conclusions shows that observed overall sediment 
was 22.60 t h−1 year−1, while the overall estimated sediment concentration using 
model was 19.97 t h−1 year−1. The predicted concentration of overall sediment 
was close to the observed concentration in the stations at basin outlet. Erosion 
Potential Method (EPM) can be developed for other homogeneous units which 
don’t contain hydrological stations, as the erosion modeling and watershed con-
trolling practices cost lesser than constructing and establishing hydrological sta-
tions (Gharibreza et al. 2013b).

2.2.4  Shar-Chi Catchment

The Shar-chi catchment is in the north-western part of Iran and in west Azarbyjan 
province positioned between the 37° 19′ 34″ to 37° 31′ 29″ east latitude and 44° 34′ 
02″ to 45° 00′ 50″ north latitude and its size is 413.9 km2. Almost 88 % of catch-
ment comprises of hills and mountains and remaining 12 % lies in gentle slope. 
Impact of land use changes on suspended sediment yield in Shar-chi catchment was 
predicted on the basis of data available for the duration of 1974–1999. Figure 2.23 
is demonstrating the process of sediment generation in Shar-chi catchment.

The major issue regarding this catchment is transformation of rangelands into 
rainfed crops in hilly areas with lack of management practices. This contributes to 
maximum erosion for the reason that a large proportion of the fields are positioned 
on steep slopes and the ploughing is done in the direction of the slope.

So as to identify the land use changes of these regions two unlike Landsat 
image (ETM, June, 2000 and TM, Aug, 1990), an ASTER image (24.July, 2000) 
and aerial photographs (1956) were applied. A correlation between release and the 
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Fig. 2.23  Process of the generated sediment yield in Shar-chi catchment
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sediment carriage was finally applied. In the case of less release the mean values 
of the sediment amounts were used, however for the excessive release an exponen-
tial function.

Generally, the land use variations occur in the lower part of the catchment, 
named the Hills, and the impact on the sediment yield was investigated by deduct-
ing the sediment yield of the upstream station (Mirabad) from the downstream sta-
tion (Band). The assessed yearly sediment yield variations of the Hills ranged from 
390 to 6529 ton km2 year−1 between 1989 and 1996 the yields ranged from 14,446 to 
1298 ton km2 year−1 then during the dry periods from 1997 to 1999 the obtained yields 
were 390 ton km2 year−1 (Fig. 2.24). A trend line shows that from the period of 1974–
1999 there was an upsurge in the sediment yield from the hills, while no such tendency 
was observed for the upper catchment. Therefore, in the later case amount of sediment 
yield was taken as a control value due to absence of land use maintenance (Fig. 2.25).

The large amount of sediment yield from the Hills is the evidence of a thought-
ful environmental issue, which has resulted in deserting of various lands as well 
as disturbs the sedimentation in the recently constructed reservoir and in the Lake 
Uromich wetland. Potential strategies should be implemented for soil maintenance 
and restrain farming of the land with steep slopes.
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The division of sediment data into ten classes histogram designed for the fre-
quency analysis of data which is represented by Fig. 2.25. For the less quantities, 
up to 50 mg L−1, the upper Mirabad station has rather large quantities than that of 
the lower Band station and vice versa. This proves the extremely erosive nature 
of the soils and less vegetated cover in the Hills, compared to Mountain unit. 
The overall and average yearly sediment yields for Band station were 20,172 and 
776 ton km−2 year−1, respectively throughout the period from 1974 to 1999, con-
versely it was 10,829 and 417 ton km−2 year−1 for Mirabad station (Gharibreza 
et al. 2013c).

Class Sediment concentration(mg/litr)

1 0-10
2 10-20
3 20-30
4 30-50
5 60-100
6 100-200
7 200-500
8 600-1000
9 1000-50000
10 >50000

0 

5 

10

15

20

25

30

1 2 3 4 5 6 7 8 9 10

P
er

ce
n

ta
g

e(
%

)

Sediment con.classes

SEDIMENT CONCENTRATION CLASSES 
(BAND AND MIRABAD STATIONS)

1974-1999 

BAND MIRABAD 

Fig. 2.25  Percentage of sediment concentration classes in Band and Mirabad stations
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Abstract In Tehran province of Iran, Taleghan basin is one of subsidiary basin of 
sefidrood catchment basin consist of 19 subsidiary basins. Each of which reflected 
as a self regulating hydrological branch. Taleghan catchment alienated into  
28 hydrological sub-basins. By using GIS method inclined regions of catch-
ment categorized into five classes. Geology, morphology, climatic conditions, 
temperature, snow pack, climatic regime, relative humidity, potential evapora-
tion also studied and discussed in this chapter. Soil of Taleghan categorized into  
11 classes. Water resources reflected as one of the key resource of providing water 
for  several practices like agriculture, drinking and industry. Three orogenic and 
tectonic uplifts during Pre-Cambrian (some 350 million years ago), Mesozoic 
(150  million years ago), and Cenozoic (72 million years ago) Periods have shaped 
existing structural topographies of the Taleghan Catchment, parting sedimentary 
and  volcanic rock systems in the region.

Keywords Taleghan · Subsidary basins · GIS method

3.1  Catchment Area

3.1.1  Location

Taleghan catchment basin is in the Tehran province, Iran located on the south 
east of Alborz range in Iran with average yearly precipitation and temperature 
591 mm and 4.48 °C, respectively, and at 120 km distant from the northwest 
Tehran (Fig. 3.1). Taleghan catchment basin is one of the subsidiary basins of 
Sefidrood catchment basin which is confined by Alamoot in the north, the region 
of Ziaran and Samgh Abad in the south, one segment of Karaj a mountainous 
area with sharp steepnessess having many stone outcrops, and the uppermost 
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and lowermost segments have 300 and 1776 m elevation, correspondingly, from 
the sea level.

The basin comprises of 19 subsidiary basins, each one reflected as an self-
regulating hydrological branch in a way that Minavand subsidiary basin contains 
smallest size i.e. 2.14 % of the entire basin, and Mehran subsidiary basin contains 
the maximum size, i.e. 13.26 % of Taleghan catchment basin. The acreage of this 
basin contains pastures, lands for dry agriculture, water lands, and areas with no 
use. So, the major fraction of the acreages in this area i.e. 89.37 % of the entire 
basin, entails rich and poor pastures together.

3.1.2  Hydrological Subbasins

Taleghan catchment is alienated into 28 hydrological subbasins (Fig. 3.2). 
The physiographic properties of each one have been described in Table 3.1.  
It is  indicated by this table that the subbasin of largest size is number 5 sub-
basin whereas the subbasin number 11 is smallest one. The former and  latter 

Fig. 3.1  The location of Taleghan catchment
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correspondingly encompass 12.49 and 1 % of the entire catchment region.  
The highest part of the catchment is Joestan subbasin which consist of 25 sub-
basins (Fig. 3.3).

The inclined region of the catchment has been categorized into five classes by 
means of GIS methods (Table 3.2). This table discloses that the major  proportion 
of the catchment i.e. 52.82 % includes “in excess of 40 %” class. Conversely,  
the smallest proportion of the catchment i.e. 1.22 % goes to the 0–5 % class.  
The weighted mean gradient is around 41.3 %.

Fig. 3.2  Map of the hydrological subbasins of Taleghan catchment

Table 3.1  Frequency 
distribution of the slope 
classes of Taleghan 
catchment

Slope class (%) Area (ha) Area (%)

0–5 982 1.22

5–10 1882 2.34

10–20 7166 8.92

20–40 27,859 34.69

>40 42,425 52.82

3.1 Catchment Area
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Fig. 3.3  Map of the hydrological subbasins of Joestan catchment

(continued)

Table 3.2  The physiographic properties of the hydrological subbasins of Taleghan catchment

Subbasin Number of HRUa Elevation (m) Area

Min Max Average Hectares %

1 8 2238 4027 2962 2329 2.89

2 7 2243 4112 3166 2004 2.49

3 5 1941 4047 2859 7133 8.86

4 3 1934 2397 2113 235 0.29

5 9 1968 4362 2935 10,061 12.49

6 15 1911 3919 2823 2457 3.05

7 25 1910 2641 2190 960 1.19

8 9 2245 4149 2853 4812 5.97

9 8 2122 4114 2895 6138 7.62

10 10 1896 3926 2782 2740 3.40

11 5 2115 2303 2180 10 0.01

12 25 1826 3307 2284 4838 6.01

13 10 1891 2672 2117 457 0.57

14 8 1810 3979 2740 3702 4.60

15 6 2118 4002 2733 2587 3.21

16 6 2247 2989 2547 684 0.85

17 13 1809 2419 1985 478 0.59

18 10 1967 3420 2611 1771 2.20

19 11 1775 2421 1941 534 0.66

20 8 1792 3804 2524 5031 6.25
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3.2  Geology

Taleghan Catchment is sited in Central Alborz Mountain Range which reveals 
west-east trend. Actually, this catchment is part of one of the  eminent Iran’s 
doubled over mountainous series having 2000 km length, 140 km breadth and 
3600–4800 m altitude. Three orogenic and tectonic uplifts  during  Pre-Cambrian 
(some 350 million years ago), Mesozoic (150 million years ago), and Cenozoic 
(72 million years ago) Periods have shaped  existing structural topographies of 
the Taleghan Catchment (Tehrani 2005), parting sedimentary and volcanic rock 
 systems in the region. Mosha-Fasham, North Tehran and North Qazvin main faults 
are the consequences of stated orogenic  activities which have been  established 
along confines of structural regions. Taleghan River is one of the key Central 
Alborz Rivers which discharge water westward to the Caspian Sea.

3.3  Morphology

Taleghan Basin is one of the mountainous regions which incidence of its 
 morphological units was verbalized by geological, climatologically and top-
ographical influences. Generally, the most morphological units of Taleghan 
Catchment are mountains, hills and plains. These units have been alienated 
to various  morphological categories with respect to geological developments. 
It clarifies that  morphological units were organized by form of geological 
developments.

Morphological units have been alienated into morphological subunits. The very 
common morphological subunits are the rocky outcrops in many degree,  volcanic 

aHydrologic response units

Subbasin Number of HRUa Elevation (m) Area

Min Max Average Hectares %

21 14 1790 2703 2089 960 1.19

21 14 1790 2703 2089 960 1.19

22 4 2018 3070 2415 1554 1.93

23 6 2322 3922 3016 5665 7.03

24 4 2331 3558 2742 2502 3.11

25 4 2024 4059 3169 2814 3.49

26 4 2117 4038 2941 2658 3.30

27 23 1892 3268 2499 2655 3.30

28 14 1827 3127 2416 2778 3.45

Average 1775 4362 2753 80,549 100

Table 3.2 (continued)

3.2 Geology
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necks, sills, and batholiths in mountainous regions in Taleghan Catchment. 
Moreover, the most prevailing features of mountainous region are rocky  outcrops, 
regular and irregular hillsides, alluvial fans, old and new. In conclusion, the 
 common subunits in plains are flood plains and fluvial plain. Erosional characteris-
tics like gully, rill, and sheet erosions are common in hilly and plain areas.

The morphological units, as well as drainage configuration in Taleghan 
Catchment primarily are organized by physical phenomenon such as faults and 
folding axes. Field examination displayed that dendritic pattern is very common 
pattern in Taleghan basin. With respect to topographical trend, Taleghan River 
keep an eye on physical trend headed for west and is ended to the dam.

3.4  Climate

As said by the author (Hosseini 1997) the climate of south Alborz Mountains 
region, so the catchment, is affected by the Caspian Sea. Generally, the pre-
cipitation regime of the Taleghan catchment is the consequence of the 
Mediterranean regime with one main extreme precipitation spell on the termi-
nation of  winter and initial spring monitored by one extended dry period in the 
summer. In fall there is one more rain spell in which precipitation is affected 
by humid air  having interaction with northern Siberian air masses. The effect 
of the monsoon from the Indian Ocean is very infrequent all through the year. 
The Taleghan catchment has an unbalanced average yearly precipitation with 
maximum coefficients of variation; the least i.e. 454 mm occurs at Galinak 
while the extreme i.e. 814 mm occurs at Dizan. With respect to regional pre-
cipitation distribution, the Taleghan catchment is categorized as semi-wet. 
Figure 3.4 represents the Locations of the Hydrometeorologic Stations in 
Taleghan Catchment.

3.4.1  The Climatic Regime

So as to find the climate type of the Taleghan catchment the De Martonne 
 technique can be applied. The technique of De Martonne uses the average 
 temperature (°C) and concentration of annual rainfall (mm) to categorize the 
 climate rendering to Eq. (3.1) (De Martonne 1926):

where AI is the dryness coefficient, T is the average temperature (°C), and P is the 
average yearly rainfall (mm), t is the average temperature of the driest month in 

(3.1)AI =

[

P
/

(T + 10)+ 12p(t + 10)
]

/

2
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(°C), and p is the precipitation of the driest month in mm. Table 3.3 describes the 
categorizations of the aridness on the basis of De Martonne’s Aridity Index.

While locations of the rain gage stations of the investigated region and the 
 average yearly precipitation therein averaged during the period 1992–2004 
 indicated in Table 3.4.

In Taleghan catchment AI is equivalent to 19.08. Conferring to De Martonne 
technique, this shows that the region categorizes in the dry-sub humid climate 
class. The lapse rate is utilized to regulate precipitation for altitude bands in the 
subbasin. To regulate the precipitation, the altitude of recording station is identi-
fied for the altitude band (Neitsch et al. 2005).

Fig. 3.4  Locations of the hydrometeorologic stations in Taleghan catchment

Table 3.3  Classification 
of climate by means of De 
Martonne’s aridity index

AI value Climate class

≤5 Arid

5–12 Semi-arid

12–20 Dry sub-humid

20–30 Moist sub-humid

30–60 Humid

≥60 Wet

3.4 Climate
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The correlation between average yearly precipitation and altitude represents an 
excellent coefficient determination (R2 = 0.7) in Taleghan catchment (Fig. 3.5). 
The lapse rate procedure commonly relates for overwhelming absence of precipi-
tation data for hilly region. The correlation of precipitation and altitude calculates 
that the precipitation lapse rate is equivalent to 252.2 mm km−1. The average 
yearly precipitation averaged for the duration of 1987–2004 at Galinak station is 
818.9 mm (Table 3.5).

Fig. 3.5  The relationship 
concerning elevation and 
average yearly precipitation 
for the investigated region 
averaged during the period 
1992–2004
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Table 3.5  The average 
yearly precipitation depth 
from 1987 up to 2004 at 
Galinak station

Water Resource Company (WRC)

Year Precipitation (mm) Year Precipitation (mm)

1987 1267.7 1996 691.4

1988 1126.2 1997 626.9

1989 463.8 1998 826.7

1990 535.7 1999 398.2

1991 880.7 2000 437.6

1992 1112.6 2001 447.6

1993 955.6 2002 894.2

1994 1403.8 2003 992.3

1995 725.8 2004 953.1

Table 3.4  Locations of the rain gage stations of the investigated region and the average yearly 
precipitation therein averaged during the period 1992–2004

Station Longitude (°) Latitude (°) Elevation (m) Mean annual precipitation (mm)

Zidasht 50.68 36.17 1750 478.17

Galinak 50.77 36.17 1750 454.49

Asara 51.2 36.03 1950 562.86

Joestan 50.9 36.2 1990 547.16

Giliard 50.83 36.13 2150 560.31

Nesa 51.33 36.08 2210 660.88

Dizan 50.83 36.27 1950 814.49

Sokran 50.73 36.28 1588 502.55
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The average monthly precipitation in Taleghan catchment averaged for the 
duration of 1987–2004 is précised in Table 3.6. According to this table the least 
and extreme rainfall rates take place in September and March, correspondingly. 
The last column reports the mean rainfall rate (68.4 mm) averaged above months 
and years.

3.4.2  Snowpack

In the Taleghan region, there are merely six snowpack sites with short  duration 
common data which positioned from 1700 to 2400 m. However extreme 
 altitude is 4362 m. As stated by the Faculty of Agriculture, University of Tehran 
report (1993), a large proportion of precipitation in Taleghan region is in the 
form of snow. The proportion of snow to precipitation relies on the climate 
of the specific year. This report discloses that the least and extreme values of 
this proportion  differ from 33 to 51 % at Armot and Dizan snowpack gauging 
 stations, correspondingly. This report forecast, this value differs from 42 to 
62 % in this region.

3.4.3  Temperature

In the Taleghan basin the temperatures are measured simply in the Zidasht 
and Joestan stations which are located at the altitudes of 1750 and 1990 m, 
correspondingly. Other temperature stations are sited nearby the Taleghan 
catchment.

The available indicates the highest and lowest temperatures averaged for the 
duration of 1987–2004 at the climatological stations in and nearby Taleghan catch-
ment have been précised in Table 3.7. The lapse rate is applied to regulate the tem-
perature for altitude bands in the subbasins. To regulate temperature, the altitude 
of the recording station is related to the altitude band.

In the Taleghan region, the average yearly temperature drops with elevation at 
an incline of 8.5 °C km−1. Figure 3.6 represents the average yearly temperature 

Table 3.6  The average monthly rainfall depth in Taleghan catchment averaged during the period 
1987–2004

Water Resource Company (WRC)

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave.

Prec. (mm) 78 91 139 136 76 19 14 6 5.8 64 100 94 68

3.4 Climate
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compared to elevation. It designates that the correlation between the two supposes 
the formula as shown by Eq. (3.2).

where T is the temperature (°C) and H is the elevation (m).

3.4.4  The Relative Humidity

The nearby synoptic station to the Taleghan region for assemblage of humidity 
data is the Ghazvin synoptic station which is sited in the south west region of the 
Taleghan catchment. The average monthly relative humidity of the Ghazvin  station 
for 18-year data has been described in Table 3.8. The minimum and maximum 
have been described to be occuring in August and January and resemble to 35 and 
68 %, correspondingly. Averaged over months and years (1987–2004), the average 
yearly relative humidity at Ghazvin station is 47 %.

(3.2)T = −0.0084 H+ 26.29

Table 3.7  Locations of the temperature gage stations of the investigated region and the, 
minimum, maximum, and average temperatures therein averaged during 1992–2004

aInside the catchment
bOutside the catchment
Water Resource Company (WRC)

Name Elevation (m) Longitude (°) Latitude (°) Mean temperature (°C)

Min Max Ave.

Shahrestanakb 2150 51.35 35.97 −0.9 15.8 7.45

Sadekara jb 1588 51.10 35.95 8 19.6 13.8

Nesab 2200 51.33 36.08 0.2 16.2 8.2

Zidashta 1750 50.68 36.17 4.7 15.3 10

Joestana 1990 50.77 36.23 4.8 17.1 10.95

Fig. 3.6  The Relationship 
concerning elevation and 
average yearly temperature 
for Taleghan catchment 
averaged during 1987–2004 Y = -0.0084 X + 26.289 

R² = 0.7661
SE=146 
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3.4.5  Potential Evaporation

For the Talaghan basin the potential evaporation is recorded in the Zidasht  station 
and the mean yearly evaporation in the Zidasht station is almost 1835 mm and 
that it is ranged from a least of 1415.3 mm in the year 1978 to an extreme of 
2031.4 mm in the year 1984. Table 3.9 specifies the large variances in average 
monthly evaporation between pan and Balany–Criddle methods.

3.5  Soil Type and Classification

The soil types of the Taleghan catchment have been categorized into 11 classes 
by the Faculty of Agriculture, University of Tehran and these classes have 
been described in Table 3.10. Conversely, distribution of the soil classes within 
Taleghan catchment is represented in Fig. 3.7.

Table 3.8  The average monthly relative humidity at Ghazvin synoptic station averaged during 
1987–2004

Month Oct Nov Dec Jan Feb Mar Apr May June Jul Aug Sep Ave.

Mean (%) 43 53 63 68 63 52 49 42 35 35 34 36 47

Table 3.9  Average monthly evaporation at Zidasht station averaged during 1970–1993

aBalany-criddle method
Faculty of Agriculture (1993)

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annually

Pan (mm) 32.2 29.1 39.5 96.5 152.3 239.6 304.3 347.3 279.3 17.3 96.5 47.1 1835

B.Pa (mm) – – 26.1 86.8 136.4 179.8 210.8 235.6 133.3 111 30 – 1250

Table 3.10  Summary of soil properties of Taleghan catchment

Faculty of Agriculture (1993)

Soil 
type

Depth Gravel  
(%)

Soil texture pH Organic 
matter content

Area 
(ha)

1 Moderately deep 35 Loam 6–7.5 Low 19,392

2 Very slightly to slightly deep 35 Loam 5.6–7.5 Moderate-high 25,300

3 Very deep 15 Clay loam 7.3–8 Low-moderate 7373

4 Slightly-deep 20 Loam 7–7.7 Moderate 4070

5 Slightly deep to very deep 35 sandy loam 7.5–7.6 Low 23,840

6 Very deep 35 Sandy loam-loam 7.5–7.6 Low 6

7 Slightly-deep 25 Loam 7–7.2 Low 60

8 Slightly-deep 75 Sandy loam 7.4–8.1 Variable 4658

9 Very deep 35 Loam 7.5–7.7 Moderate 1105

10 Very deep 35 Clay loam 7.5–7.9 1.0< 5430

11 Very deep 0 Clay 7.6–7.7 <0.5 % 360

3.4 Climate
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3.6  Water Quality

Water resources are reflected as one of the key resources of providing water for 
several practices such as agriculture, drinking and industry. As a result of the 
recent droughts in Iran, knowing and giving qualitative importance to the contami-
nants of these resources is one of the highly essential responsibilities in environ-
mental organization. For this purpose, various new models in water resources play 
an imperative role in the monitoring of these resources. With a brief look at the 
condition of Iranian Taleghan catchment basin, it can be clarified that the intensive 
growth of population and educating the public welfare affect the land use and risk 
the natural resources and their reserves. Table 3.11 displays the current condition 
of land use in Taleghan catchment basin.

In order to give priority to various contaminants within Taleghan  catchment, 
Expert Choice Software was applied on the basis of type of the land use in the 
basin and contaminants were identified and categorized as well using this 
 software. Basically, this software works on the basis Analytical Hierarchy Process. 
Figure 3.8 represents the hierarchical structure of contaminative factors in 
Taleghan catchment basin.

Fig. 3.7  Distribution of soil classes within Taleghan basin (Faculty of Agriculture 1993)

Table 3.11  The present condition of land use in Taleghan catchment basin

Land use Pasture Deserted  
dry farming

Garden and  
water farming

Rocky  
rugged areas

Mensuration (ha) 71,928.5 3669.56 1651/16 3238/99

Percentage (mensuration) 89/37 4/56 2/05 4/02

Commutative percent 89/37 93/93 95/98 100
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The head to head figures have been used to illustrate that how two variables 
together are related in association with one standard in order to derive the con-
clusion. The variable in the leftward is persistent every time and it is employed 
to be related with other variables. To derive a conclusion, if the leftward  variable 
in association with the present standard has priority over rightward variable, a 
 symbol headed for the leftward can be seen on that standard displaying the rate 
of priority. If the two variables have identical priority, there is no sign on the 
 variables. The general outcome of these contrasts point out the priority of one vari-
able over alternative variable considering all the present standards to derive the 
conclusion. Additionally, an association between the priority of each standard and 
the variable has been clarified in Figs. 3.9, 3.10, 3.11, and 3.12.

According to Fig. 3.13, sewage, agriculture, outdoor activities, industry, indus-
try, tollway services, and restaurant correspondingly have significant contribution 
for contaminating Taleghan catchment.

Fig. 3.8  Hierarchical structure of contaminative factors in Taleghan catchment basin

Fig. 3.9  weighted head to head between sewage and agriculture

3.6 Water Quality



76 3 Application of SWAT Model in Taleghan Catchment

Fig. 3.10  weighted head to head between sewage and outdoor activities

Fig. 3.11  weighted head to head between outdoor activities and agriculture

Fig. 3.12  weighted head to head between industry and agriculture
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With the aim of combating the effects of various factors contributing the con-
tamination in Taleghan catchment basin, the subsequent management strategies are 
suggested:

•	 Sewage filtering and lessening nutritious constituents of sewage or making a 
deviating path for sewage.

•	 Modification or adaptation of farming practices pointing to reduce spraying 
insecticides, by means of chemical fertilizers, and creating a smaller amount 
drainage.

•	 Varying land use or stopping land use variation.
•	 Monitoring the erosion and sediment.
•	 Put on watershed management schemes.
•	 Evaluating the quantity of self-refining of surface water resources and constant 

protection (Shafiee et al. 2011).
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Abstract Present case study focus on the facts of hydrological processes influ-
enced by land variations in water supply catchment in Iran. In 2006, Taleghan dam 
envisioned to be used for multipurpose together with visit refreshment, such activ-
ities put much pressure on exploitation of land and water resources in Taleghan 
catchment. Advantageous technique for incorporated management of catchments 
in the management of sustainability development is inclusion hydrological model 
i-e soil and water assessment tool model implementing along with GIS. Study 
consist of three phases (i) the setup (also indicated as warm-up) phase starting 
from 1992 up to the end of the year 1994 (three years), (ii) the calibration phase 
which protracted from the commencement of the year 1995 up to the end of the 
year 2000 (six years), and (iii) a validation phase initiating from 2001 till the end 
of the year 2004 (four years). Dry agricultural practices lost their constancy and 
rigorously dropped as a result and the dry agricultural land regions transformed 
into virgin acreage.

Keywords Base flow assessment · Hydrological yield · Runoff flow water

4.1  Introduction

The present study is an effort to expose certain facet of hydrologic processes influ-
enced by land use variation in a water supply catchment in Iran. The Taleghan 
catchment, which is positioned in the north west of Iran, is vital for agriculture 
and water supply, particularly after completing building and starting process 
of the Taleghan dam in 2006 which is envisioned to be used for multi-purposes 
together with visit refreshment. These demands and the growing numbers of tour-
ists for refreshment have pose so much pressure on exploitation of land and water 
resources in Taleghan catchment.

Land use/cover variations have a substantial effect on the generation of runoff 
and other forms of water fluxes, contaminant transportation to water resources 
and rates of erosion. So as to have efficient and sustainable use of land and water 
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resources, complete hydrological models need to be implemented to contribute in 
the monitoring of land and water resources in the catchment. Intensive use of land 
and water resources in Taleghan catchment and corrosion of suspended sediment 
yield within have contributed to controlling problems of the water resources and 
upraised worries over the prominence of the suspended sediment yield. As a result, 
catchment hydrology assessment is prerequisite for land and water collaborations 
employing hydrological models with competence to examine land and water man-
agement and suspended sediment yield. One of the inclusive hydrological models 
of this type is the Soil and Water Assessment Tool (SWAT) model (Arnold et al. 
1998) implementing along with GIS remote sensing data. These implements may 
assist as an advantageous technique for incorporated management of catchments 
in the direction of a sustainable development of a catchment.

This study consists of three phases which are as follow: (i) the setup (also indi-
cated as warm-up) phase starting from 1992 up to the end of the year 1994 (three 
years), (ii) the calibration phase which protracted from the commencement of the 
year 1995 up to the end of the year 2000 (six years), and (iii) a validation phase 
initiating from 2001 till the end of the year 2004 (four years). A general frame-
work of the methodology used in this investigation is summarized in Fig. 4.1. Six 
major input data sets; digital elevation model (DEM), land use map, soil map, cli-
matological data, and stream gage data were composed and processed.

4.2  The Study Area

Figure 4.2 shows the location of the study area named as Taleghan catchment. The 
study area is located in the upper part of Taleghan dam catchment in the north west 
of Tehran, the capital of Iran. It lies within 50° 38′–51° 12′E longitude and 36°  
04′–36° 21′N latitude. A summary of some hydromorphological characteristics of 
the study area are illustrated in Table 4.1. The first stream gauge is located at Galinak 
which has an area of 800.5 km2. A second stream gauge, called Joestan station, was 
selected to compare the results drawn from the former one with. Joestan station lies 
in the upper part of the catchment and has an area of 412.7 km2 (Fig. 4.3).

4.3  Results and Discussion

4.3.1  Land Use Assessment

The land use evaluation in Taleghan catchment point out the unbalanced land use 
conditions throughout the investigation period from 1987 to 2004. Building of 
Dam and formation of reservoir has vastly influenced land values in this region. 
Consequently, dry agricultural practices lost their constancy and rigorously dropped 
as a result and the dry agricultural land regions transformed into virgin acreage.
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In order to assess the land use variations throughout the investigation period, 
two incessant periods for the entire upper part of the catchment i.e. the upstream 
from 1987 to 2001 and 2001 to 2007. Various land uses like, flood plains, inactive 
dry farming, garden and irrigation farming, dry land farming, water and dam reser-
voir, urban and village, and range lands were identified by means of a preliminary 
sample set and the maximum likelihood (MLC) method (Fig. 4.4).

Fig. 4.1  The Overall framework of the methodology of Taleghan catchment study

4.3 Results and Discussion
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Fig. 4.2  Location of Taleghan catchment

Table 4.1  Specific hydromorphological properties of the investigated region (1995–2004)

Area 
(km2)

Slope 
(%)

Altitude (m) Mean annual Runoff 
coefficient 
(%)

Drainage 
density 
(km/km2)

Main 
stream 
length 
(km)

Max. Min. Ave. Precipitation 
(mm)

Discharge 
(m3/s)

800.5 41.3 4362 1775 2753 701 11.75 66 0.174 140.7

Fig. 4.3  The Taleghan dam boundary and study area
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From the time when the dam construction approved, gradually the whole range-
land region reduced to the size that a considerable reduction from 82.67 % through 
the initial phases of building of dam to 35.37 % on the completion of investigation 
period. Furthermore, inactive dry farming (IDF) intensified from 6.5 % in 1987 to 
41.62 % in 2007. These infrequent practices severely enhanced sediment yield and 
soil erosion. Pressure on the rangeland because of unreliable land management 
had negative effects on development of landslides as well. Possession of the acre-
age by migrants increased the size of dry farming (DF) lands throughout the early 
phases of investigation period from the 2657 to 16,196 ha; i.e. above six times 
intensification. Nevertheless, in response of the large increase in the size of IDF 
land, the region of DF land exhibited not as much of decrease in the subsequent 
phase of investigation period as in the initial.

Growing habilitation posed significant impacts on the orchard-planted regions 
in the investigation area which reduced rigorously as a result. Hence, the regions 
of this highly imperative land use experienced 7.33 and 5.35 % reductions 
throughout the early and subsequent duration of this investigation. The size of 
well managed rangelands (GR) was 32,287 ha in 1987, and then in the result of 
overgrazing, poor land use management, and climatic variation, the size shrunk 
to 5524 ha by late 2007. This means that for the period of the last twenty years, 
well managed rangeland size reduced from 34.49 to 5.90 %. The transformation is 
attributed to changing uses of these regions to moderate (MR) or poor (PR) quality 
rangelands or to inactive dry farming (IDF). Conversely, weak rangeland enlarged 
from 19.04 % in 1987 to 23.35 % in 2007. The land uses identified by image han-
dling for 1987, 2001, and 2007 can be seen in Figs. 4.5, 4.6, and 4.7. Figure 4.8 
depicts the land use variations in a clustered column chart type from 1987 to 2007 
in Taleghan region.

Fig. 4.4  Result of the sample set method employed in classifying the land uses in Taleghan 
region

4.3 Results and Discussion



84 4 Water Components Separation by SWAT Model in Taleghan, Iran

4.3.2  Baseflow Assessment

The process of baseflow separation, referred as hydrograph analysis as well, is 
associated with separating streamflow records into two primary modules; run-
off flow and baseflow. Rendering to this technique, waves of high frequency are 
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Fig. 4.5  Maps of the identified land uses in 1987 (before dam construction)
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related to the direct runoff whereas that of low frequency can be related with the 
baseflow module. Equation 4.1 represents the digital filter applied for baseflow.

where Qt symbolizes the streamflow at time step t, qt symbolizes the baseflow, and 
α symbolizes the filter parameter related to the catchment. α value was taken as 
0.03. From 1992 to 2004 daily and direct runoff were used as input data.

The outcomes of baseflow split using the Lyne and Hollick method, reveals 
that the average yearly separated baseflow for the period from 1992 to 2004 

(4.1)q1 = α × qt−1 +
(1+ α)

2
× (Qt − Qt−1)
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Fig. 4.7  Maps of the identified land uses in 2007 (after dam construction)

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

IDF DF ORCD GR MR PR

Landuse

A
re

a 
(h

a)

1987

2001

2007

Fig. 4.8  Comparison concerning land use variations and area during 1987–2007 in Taleghan region

4.3 Results and Discussion



86 4 Water Components Separation by SWAT Model in Taleghan, Iran

was 280.2 mm while the yearly average standardized baseflow was 245.2 mm 
(Fig. 4.9). For that reason, it was concluded that the baseflow estimated using 
SWAT is reliable well enough to be used in this study.

4.3.3  Sediment Yields Assessment

Assessments of suspended sediment yields were carried out using data collected from 
time to time applying regression models such as the Quasi Maximum Likelihood 
Estimator (QMLE). The findings show that daily sediment yield were 680 and 
166 according to data at Galinak and Joestan gauging stations, correspondingly 
(Table 4.2). The discharge data set categorized into 11 classes, on the basis of lowest 
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Fig. 4.9  Comparison concerning the baseflow separated by manual calibration and that sepa-
rated by the Lyne and Hollick Filtering Method during 1992–2004

Table 4.2  The classes of 
suspended sediment yield at 
Galinak and Joestan gauging 
stations as determined by the 
QMLE method

Class Discharge (m3/s) Sediment yield (t/d)

Galinak Joestan Galinak Joestan

1 10.0 2.5 635 90

2 25.7 7.5 2960 270

3 41.4 12.5 5970 550

4 57.1 17.5 15,233 1447

5 72.7 22.5 21,932 744

6 88.4 27.5 39,667 1845

7 104.1 32.5 0.0 3821

8 119.7 37.5 0.0 12,781

9 135.4 42.5 0.0 7893

10 151.1 47.5 133,308 0.0

11 – 52.5 – 17,353
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and highest amount of discharge. The total of the classes was designated by expe-
rience. Generally, classes from 5 to 12 containing whole series of discharge were 
nominated. Then the mean value of sediment yield was estimated for each class. The 
central discharge class was considered as mean of discharge in the everyone.

A strong positive correlation (R2) between mean discharge and sediment yields 
for two stations Galinak (R2 = 0.98) and Joestan (R2 = 0.76) is represented by 
Figs. 4.10, and 4.11. These figures depicts that an exponential relationship exists 
between the mean discharge and sediment yield and these can be calculated by 
means of Eqs. (4.2), and (4.3) correspondingly. Joestan station positioned at high 
altitude and densely covered with snow contributed to the small R2 values particu-
larly in the case of large discharge.

where X and Y denote the mean discharge and sediment yield, correspondingly.
The amounts of sediment yield and discharge were calculated on the daily basis 

using Eqs. (4.2), and (4.3) respectively. Monthly and yearly amount was predicted 
from these daily ones. And then, the daily sediment yield was implemented in 
SWAT model in order to obtain observed values.

(4.2)Y = 5.3611 X1.9702

(4.3)Y = 9.917 X1.735

Fig. 4.10  Relationship 
concerning daily discharge 
and sediment yield at Galinak 
station
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Fig. 4.11  Relationship 
concerning daily discharge 
and sediment yield at Joestan 
station
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4.3.4  The Hydrological Yield

4.3.4.1  The Total Water Output

The main statistical standard the investigator applied for assessing the perfor-
mance of the catchment model was the Deviation of Runoff Volume which is an 
estimation of a model’s capability to predict the overall volume of runoff for the 
throughout the period of analysis. It is calculated by the following Eq. (4.4):

where X represents observed value, X′ represents the simulated value, i rep-
resents the record, and n represents total number of records. There can be any 
value for the deviation of runoff volume. Though, zero value specifies exact 
agreement concerning the observed and predicted runoff. Overall observed 
and predicted runoff amounts derived from calibration and validation of mod-
els at Joestan and Galinak stream gauges throughout the duration from 1995 
to 2004 can be seen in Table 4.1. Deviancy of predicted runoff amounts from 
the observed ones at Joestan station is higher than at Galinak. The deviance 
at Galinak station for the calibration period is 1.24 % and that for the valida-
tion period is −5.34 %. This arithmetical standard was the deviance of runoff 
amounts (ASCE 1993), which is an estimation of a model’s knack to expect the 
overall amount of runoff for the whole investigation time. Van Liew et al. (2003) 
stated that deviance of runoff amount ±20 % were reflected good, amount rang-
ing between ±20 and ±40 % were reflected satisfactory and amount higher 
than ±40 % were reflected unsatisfactory. These series utilized in order to 
check model performance. In the case of Joestan station, the resultant amounts 
for the aforementioned duration were 16.07 and 27.26 %, correspondingly. 
Consequently, overall predictions for water yield at Galinak station were more 
consistent than those for Joestan station.

4.3.4.2  Yearly Discharge Yield

The overall observed and predicted runoff rates computed using the SWAT for the 
calibration and validation periods at Galinak and Joestan stations are described in 
Table 4.3. The findings reveal that the highest and lowest deviances occurred on 

(4.4)RE = [(X ′

i − Xi)
/

Xi].100

Table 4.3  Results of the statistical assessment of model performance on the yearly discharge in 
the calibration and validation periods at Joestan and Galinak stream gauging stations

Gauging station Model development stage Dv (%) MARE R2 SE ENS

Joestan Calibration 16 0.17 0.98 0.98 0.45

Validation 27.26 0.15 0.86 0.79 0.83

Galinak Calibration 1.24 0.17 0.87 1.54 0.47

Validation −5.31 0.20 0.98 0.89 0.84
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2001, 1993 with −39.40 and −0.29 % for the Galinak station and this deviancy 
for Joestan station was 34.83, −0.93 % on 1995, and 1997, correspondingly. The 
mean deviance for Galinak station is −3.34 however for Joestan station it was 
7.07. The deviations in, and between, the observed and predicted discharges dur-
ing the calibration and validation periods are demonstrated by Figs. 4.12, and 4.13 
for Joestan station and in Figs. 4.14, and 4.15 for Galinak stream gauges.

The observed and predicted annual runoff quantity predictions at Joestan and 
Galinak watercourse gauges demonstrate the big R2 values correspondingly in the 
calibration and validation periods (Table 4.3). The coefficient of determination is 
calculated by the following Eq. (4.5):

where Q denotes the observed streamflow, Q′ the simulated streamflow. Q̄ and Q′ 
denote the average observed and simulated streamflows, correspondingly. The best 
model performance is described by an R2 value of 1 or very approximately so, and 
vice versa.

(4.5)R2
=
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Fig. 4.12  The average 
annual discharge at Joestan 
stream Gauging station 
from 1995 to 2000 in the 
calibration period according 
to SWAT
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Fig. 4.13  The average 
yearly discharge at Joestan 
stream Gauging station in the 
validation period according to 
SWAT from 2001 to 2004
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Coefficient of efficiency represents the fraction of the variance of the observed 
runoff that is accounted for by the model (Nash and Sutcliffe 1970). The coeffi-
cient of efficiency is calculated by Eq. (4.6).

where ENS indicates the coefficient of efficiency, Qi indicates the observed run-
off (mm), Q′ indicates the predicted runoff (mm), and Q indicates the average 
observed runoff (mm) throughout the simulation period. The values for the coef-
ficient of efficiency can be in range of highly negative values to 1, with 1 dem-
onstrating an exact fit fit concerning the observed and predicted runoff. The 
coefficient of efficiency for Joestan and Galinak validation periods were 0.83 and 
0.84 respectively. As these calculated values were larger than 0.75, therefore this 
standard indicates excellent results for both stations. The coefficient for calibra-
tion periods were 0.45 and 0.47 for both Joestan and Galinak that show satisfac-
tory results. It was reported by Motovilov et al. (1999) that the values larger than 
0.75 indicate good simulation of a model and satisfactory for values in the range 
of 0.75 and 0.36. These ranges were used to categorize model performance.

(4.6)
ENS = 1−

∑n
i=1

(Qi − Q′

i)
2

n
∑

i=1

(Qi − Q̄)2

Fig. 4.14  The average yearly 
discharge at Galinak stream 
Gauging station from 1995 to 
2000 in the calibration period 
according to SWAT
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Fig. 4.15  The average 
yearly discharge at Galinak 
stream Gauging station in the 
validation period according to 
SWAT from 2001 to 2004
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4.3.4.3  Yearly Sediment Yield Output

Table 4.4 describes the overall yearly observed sediment yields and those pre-
dicted by SWAT for the calibration and validation periods at Joestan and Galinak 
stations. It is indicated by SWAT that the highest and lowest deviances of the 
predicted sediment yields from the observed ones at Galinak station were 62.31 
and 2.11 % 2001 and 1994, correspondingly. SWAT runs shows that the highest 
and lowest deviances of the predicted sediment yields from the observed ones 
at Joestan station for 2002 and 2003 were 29.99 % in 2002 and 1.79 % in 2003, 
respectively. The average deviance between 1992 and 2004 at Galinak station 
was −6.69 % however it was significantly greater i.e. 9.46 % at Joestan station. 
Figures 4.16, and 4.17 depicts not only observed and predicted sediment yields 
but also the resultant deviances of the predicted amount from the observed ones 

Table 4.4  The average yearly observed and predicted sediment yields during the calibration and 
validation periods at Joestan and Galinak stations (1992–2004)

Year Sediment yield

Joestan Galinak

Observed (t) Predicted (t) Deviation (%) Observes (t) Predicted (t) Deviation (%)

1992 553,892.2 583,235 5.30 1,338,301 1,374,045 2.67

1993 198,043.2 216,710 9.43 436,619.14 418,262 −4.20

1994 382,292 406,487 6.33 1,145,434.1 1,169,606 2.11

1995 357,362.1 340,791 −4.64 748,467.22 1,191,108 59.14

1996 219,439.4 230,486 5.03 845,973.01 657,498 −22.28

1997 164,359.8 168,821 2.71 399,169.45 349,931 −12.34

1998 306,600.8 360,275 17.51 1,008,521.3 875,314 −13.21

1999 58,027.15 59,896 3.22 113,257.84 117,860 4.06

2000 117,833.7 127,695 8.37 331,353.44 232,828 −29.73

2001 39,889.57 48,363 21.24 64,091.29 24,158.2 −62.31

2002 226,321.9 294,194 29.99 550,236.43 478,045 −13.12

2003 388,506.4 395,476 1.79 1,080,217.9 1,199,546 11.05

2004 261,387 305,217 16.77 749,935.29 684,179 −8.77

Ave. 251,843 272,127 9.46 677,814 674,799 −6.69

Fig. 4.16  Average yearly 
sediment yields at Joestan 
stream Gauging station 
during the calibration 
period from 1995 to 2000 as 
determined from SWAT
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throughout the calibration and evaluation periods at Joestan station and the same 
is presented in Figs. 4.18, and 4.19 for Galinak station. Findings related to devi-
ances point out that predicted average yearly sediment at Joestan were acceptable 
for the years 2001 and 2002 as range of deviances were found between ±20 and 
±40 %. Other predicted values were good, as calculated range of deviance was 
found between −20 and +20. The deviances noted in 1995 and 2001 were 59.14 
and −62.31 which shows unacceptable values. These large deviances for average 
yearly sediment yield at Galinak station imply various parameters like dry year, 
summer rainfall, overgrazing in low altitude and so on. These large deviances 
lead to generate average yearly sediment in lower altitudes. This large deviance 

Fig. 4.17  Average yearly 
sediment yields at Joestan 
stream Gauging station 
during the validation period 
from 2001 to 2004 as 
determined from SWAT
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Fig. 4.18  Average yearly 
sediment yields at Galinak 
stream Gauging station 
during the calibration 
period from 1995 to 2000 as 
determined from SWAT
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Fig. 4.19  Average yearly 
sediment yields at Galinak 
stream Gauging station 
during the validation period 
from 2001 to 2004 as 
determined from SWAT
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revealed unbalanced average yearly sediment at Galinak station. Nevertheless, on 
the whole, mean deviance in this station predicted −6.69 % that is satisfactory 
regarding this investigation.

It is evident from statistical studies and examining average yearly sediment 
yield estimations and predictions for Galinak and Joestan stream gauges that the 
deviance (Dv) is associated to the model calibration and validation periods for 
Galinak station.

Calibration of the model was done in two steps:

1. Calibration of the model by SUFI2 and ParaSol programs in monthly period. In 
this phase ranges of optimized factors were attained by both programs.

2. Statistical examination was applied to relate both programs. SUFI2 and ParaSol 
were designated for calibration and water balance correspondingly.

This deviance for Joestan is comparatively larger. Though, the coefficient of effi-
ciency is large throughout this phase of model development for Joestan station. The 
deviance value for model during validation period at Galinak station is equivalent 
to 0.17 and that the efficiency coefficient is equivalent to 0.95 (Table 4.5), thus was 
decided that the model is usable and generalizable sufficiently well. The arithmetical 
consequences direct good and acceptance values at Joestan station in both phases.

The outcomes of the statistical assessments of model presentations on the 
monthly sediment yields in the calibration and validation phases at Joestan and 
Galinak stream gauge stations are précised in Table 4.6. Although mean abso-
lute error (MARE) presented comparatively large values throughout both model 
period phases at Joestan and Galinak stations, both the R2 and NS  coefficient 
upheld positions in the range of the lower level of good values i.e. 0.75 to 1 
values and henceforth they specify good model predictions in this investigation.

Table 4.5  Description of the statistical assessment of model performance on the yearly sediment 
yield predictions in the calibration and validation periods at Joestan and Galinak stream Gauging 
stations

Gauging station Period Dv (%) MARE R2 SE ENS

Joestan Calibration 6.62 0.08 0.96 24,417 0.93

Validation 14 0.18 0.96 37,063 0.88

Galinak Calibration 1.01 0.23 0.69 109,776 0.54

Validation 0.17 0.23 0.98 72,997 0.95

Table 4.6  Description of the statistical assessment of model performance on the monthly sedi-
ment yield in the calibration and validation periods at Joestan and Galinak stream Gauge stations

Gauging station Model development stage MARE R2 SE ENS

Joestan Calibration 2.05 0.77 13,868 0.75

Validation 3.10 0.85 12,813 0.76

Galinak Calibration 1.30 0.79 42,988 0.74

Validation 1.26 0.91 29,833 0.90

4.3 Results and Discussion
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4.3.4.4  Daily Yield

The calculation and prediction of yearly discharge and rate of precipitation clarify 
unstable rates of discharge for both stream gauge stations throughout the period 
from 1992 to 2004 (Fig. 4.20). It is shown in Table 4.4 that yearly runoff rates are 
influenced significantly by precipitation. However by reason of the impacts of land 
uses, soil characteristics, topography, and so on, runoff rates do not exactly corre-
spond with those of precipitation.

With the purpose of assessment of daily runoff rates and sediment yields, data 
consisting of three years for Galinak stream gauge were collected; dry year (2000), 
normal year (2002), and wet year (2003). The fallouts of detected and predicted 
mean rates of daily discharge and capacities specify that, as a whole, deviance of the 
predicted values from the detected ones in the normal year was small i.e. −3.3 % 
(Table 4.7). It was observed that the deviance of average predicted daily discharges 
averaged throughout the year from the corresponding detected values was maxi-
mum i.e. 45.9 and −19 % in the dry and wet year respectively. For the reason that 
maximum deviance of average daily discharge in dry year was 45.9 %, so outcomes 
of average daily discharge were unacceptable in Taleghan investigated region. The 
small value of coefficient efficiency was confirmed this outcome. The coefficient of 
efficiency for the wet and dry years specifies unsatisfactory value to predict aver-
age daily discharge using model. Figures 4.21, 4.22, and 4.23 portray that less devi-
ance (3.3 %) and satisfactory coefficient efficiency (0.65) for Normal year prove the 
model proficient to predict average daily discharge in this meteorological condition.
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Fig. 4.20  Discharge rates at Galinak stream Gauging station during 1992–2004

Table 4.7  Average observed and predicted average daily discharges and runoff volumes in 
diverse meteorological conditions averaged on a yearly basis

Year condition Discharge (m3/s) Runoff volume (m3) Deviation (%) ENS

Observed Predicted Observed Predicted

Dry (2000) 8.74 4.73 275,692,447 149,068,992 45.9 0.21

Normal (2002) 12.02 12.42 379,192,398 391,817,029 −3.3 0.65

Wet (2003) 17.51 20.83 552,178,752 656,932,684 −19.0 0.42
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Fig. 4.21  Observed and calibrated daily discharge at Galinak station in the dry period (2000)
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Fig. 4.22  Observed and calibrated daily discharge at Galinak station in the normal period (2002)

0

20

40

60

80

100

1 31 61 91 121 151 181 211 241 271 301 331 361

Day

D
is

ch
ar

g
e 

(m
3 /s

)

Observed

Predicted

Fig. 4.23  Observed and calibrated daily discharge at Galinak station in the wet period (2003)

4.3 Results and Discussion
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4.3.5  Runoff Modules

Assessment of the runoff modules in this investigation required implementation of 
the relevant considerations adjusted by SUFI2 to examine the enactment of SWAT 
in both the model calibration and validation phases. The runoff modules comprise 
of surface runoff, lateral flow, and groundwater flow. As, illustration of dissimilar-
ity between the modules of runoff is random and the origins of the water flowing 
through a gauging station cannot be observed (Linsley et al. 1949, 1982; Klemes 
1986), relating the anticipated fluctuations compared to some observations at the 
two gauging stations contained by the Taleghan basin is not conceivable.

Ground water flow, lateral flow and monthly surface runoff have been 
 represented in Figs. 4.24, and 4.25 at Galinak and Joestan stream gauges. The 
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Fig. 4.24  Predicted monthly surface runoff, lateral flow, and groundwater flow at Joestan station 
(1995–2004)
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nak station (1995–2004)
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fallouts point out strong response of surface runoff during the model calibration 
(1995–2000) and validation (2001–2004) periods.

That insignificant lateral flow is attributed to the heavy soil texture in both 
phases. Groundwater flow seems to be rather modest. Consequences relating to 
Joestan station nearly revealed the pattern in comeback to detect at Galinak sta-
tion. Nevertheless postponement in groundwater flow was highly prominent in the 
former than in the latter.

4.3.6  The Water Balance

Table 4.8 summarizes the data regarding water balance at Joestan and Galinak sta-
tions expected for the computer-generated Catchment from the 1987 and land use 
data for the duration of January, 1995, to August, 2004. It is revealed that around 
21.16 and 33.16 % of the entire precipitation were surface runoff at Joestan and 
Galinak stations, correspondingly. Groundwater and lateral flows occur commonly 
in the upper area of the Catchment, at high elevation. At Joestan and Galinak 
stations, about 38.24 and 48.85 % of the entire precipitation correspondingly is 
wasted through evapotranspiration.

The monthly fractions of various water passageways of input to the river flow 
for Joestan and Galinak stations have been described in Figs. 4.26, and 4.27 for 
Galinak station, respectively. It can be observed that during the course of April 
to the end of May, the main sources of the river flow are surface runoff caused 
by the extreme storms and melting of snow taking place throughout that phase. 
Maximum proportion of the surface runoff in June is influenced by melting 
of snow that occurring at regions of high altitude. The average monthly surface 
modules at Joestan station from April to May were compared and differed to a 
large extent i.e. 100 %, despite the fact that this contrast at Galinak station repre-
sents less deviation of average monthly surface modules i.e. 5 % during these two 
months. This explains that there is a postponement caused by melting of snow at 

Table 4.8  Predicted water balance at Joestan and Galinak stations for the simulated catchment 
from the 1987 land use data for the period January, 1995–August, 2004

Variable Joestan Galinak

Total amount 
(mm)

Fraction of  
 precipitation (%)

Total amount 
(mm)

Fraction of  
precipitation (%)

Precipitation 10,056.99 100 7009.68 100

Evapotranspiration 3846.02 38.24 3424.17 48.85

Surface runoff 2128.08 21.16 2324.18 33.16

Lateral flow 1403.17 13.95 117.7 1.68

Groundwater flow 2330.03 23.17 1183.4 16.88

Water loss 349.71 3.48 −39.77 −0.57

4.3 Results and Discussion
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Joestan station which is positioned at high altitude having extremely cold climatic 
conditions. This region experiences an extensive dry spell that encompasses from 
July to the end of subsequent February in the sub-sequential year.

4.3.7  Response of Water Modules and Sedimentation  
to Land Use Changes

The water balance was stabilized on adjusted values identified by means of cali-
bration and validation with the land uses specified in 1987. To explore the impacts 
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of land use variations on water balance, two land use scenarios were inspected 
with the adjusted factors. These land uses were associated with 2001 and 2007.

Figures 4.28, 4.29, and 4.30 portrays that the average yearly water yield mod-
ules involving surface runoff, lateral flow, and groundwater flow follow dissimilar 
pattern, correspondingly. It is illustrated by figures that land use changes lead to 

Fig. 4.28  Impacts of land 
use variations in the years 
1987, 2001, and 2007 on the 
average yearly surface runoff
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Fig. 4.29  Impacts of land 
use variations in the years 
1987, 2001, and 2007 on the 
average yearly lateral flow
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Fig. 4.30  Impacts of land 
use variations in the years 
1987, 2001, and 2007 on the 
average yearly groundwater 
flow
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pattern of rise in the surface runoff throughout the period of investigation. But the 
lateral and groundwater flows dropped in the same duration.

A comprehensive comparison of the water balance modules from 1995 to 2004 
reveals that the proportion of the entire surface runoff to the entire volume of pre-
cipitation at Joestan station rose from 21.16 to 26.13 %. The respective proportion 
at Galinak station rose from 33.16 to 35.58 % throughout the same period. Within 
same duration, the overall lateral and groundwater flows declined at both stations. 
Though, the overall evapotranspiration at both places transformed the least within 
same duration (Tables 4.9, and 4.10).

The ratio of the entire runoff to the entire lateral and groundwater runs indi-
cates that this proportion elevated by 20 % i.e. from 1.79 to 2.15 at Galinak sta-
tion. This proportion at Joestan station elevated by 36 % i.e. from 0.69 to 0.94. 
This proportion is the evidence of elevated values of surface runoff in down-
stream of Galinak station during past twenty years in the investigated region 
(Fig. 4.31).

Table 4.11 summarizes the outcomes of suspended sediment yields at Joestan 
and Galinak stations in 1987, 2001, and 2007. This table represents a comparatively 
large sedimentation yield at both sites. The amount of sediment yields promoted 
from 5.81 to 6.68 t ha−1 at Joestan station and from 7.26 to 8.28 t ha−1 at Galinak 
station. The changes increase the risk for the aquatic life of the dam. A simple 

Table 4.9  The water balance at Joestan station during 1995–2004

Variables LU_1987 LU_2001 LU_2007

Total (mm) (%) Total (mm) (%) Total (mm) (%)

Precipitation 10,057 100 10,057 100 10,057 100

Evapotranspiration 3846.02 38.24 3843.66 38.22 3834.36 38.13

Surface runoff 2128.08 21.16 2280.24 22.67 2628.38 26.13

Lateral flow 1403.17 13.95 1376.5 13.69 1269.39 12.62

Groundwater flow 2330.03 23.17 2218.51 22.06 2010.4 19.99

Water loss 349.71 3.48 338.08 3.36 314.46 3.13

Table 4.10  The water balance at Galinak station during 1995–2004

Variables LU_1987 LU_2001 LU_2007

Total (mm) (%) Total (mm) (%) Total (mm) (%)

Precipitation 7009.64 100 7009.64 100 7009.64 100

Evapotranspiration 3424.17 48.85 3417.73 48.76 3404.95 48.58

Surface runoff 2324.18 33.16 2375.48 33.89 2493.98 35.58

Lateral flow 117.7 1.68 112.46 1.60 104.35 1.49

Groundwater flow 1183.4 16.88 1145.06 16.34 1053.27 15.03

Water loss −39.81 −0.57 −41.09 −0.59 −46.91 −0.67
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calculation of sediment yield, supposing that Galinak station encompasses 90 % of 
the entire dam basin and that the mean soil enormity is equivalent to 2.2 kg m−3, 
shows that if this pattern lasts even in the upcoming years, at that time, the storing 
capacity of reservoir will be reduced in excess of 300,000 m3 for each year.

4.3.8  Susceptibility of Subbasins to Erosion

One of the key requisites of the catchment manager guiding monitoring of 
 sedimentation is categorizing susceptible subbasins. SWAT has capability to 
calculate input and output of sediment for each subbasin. Figure 4.32  portrays 
the grading of sub-catchment susceptibilities to erosion. Extreme erosion 
i.e. 152,300 ton year−1 is predictable to occur in subbasin 1. Temporarily, the 
least erosion occurs in the north hill slopes. The darker the label color is, the less 
 susceptible is the specific subbasin, and vice versa.

Fig. 4.31  The ratio of total surface runoff to total lateral and groundwater flows from 1995 to 
2004

Table 4.11  Mean sediment yield at Joestan and Galinak stations in the years 1987, 2001, and 
2007

Station LU_1987 LU_2001 LU_2007

Average (t) (t/ha) Average (t) (t/ha) Average (t) (t/ha)

Joestan 232,457 5.81 248,729 6.21 267,325 6.68

Galinak 581,047 7.26 615,909 7.69 662,393 8.28

4.3 Results and Discussion
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4.3.9  Land Use Scenarios

In this investigation seven scenarios regarding land use variation were examined 
on different degrees of slope steepness to accomplish the water balance and sedi-
ment yield in the forthcoming years (Table 4.12). The scenarios are given below:

1. The last-observed land use (2007)
2. Transmuting rangeland into agricultural land uses in regions of 0–20 % 

gradient;
3. Transmuting agricultural land uses into urban ones in region of 0–20 % 

gradient;
4. Transmuting agricultural land uses into urban ones in regions of 0–40 % 

gradient;
5. Transmuting rangeland into urban land uses in regions of 0–20 % gradient;
6. Transmuting rangeland into bare soil in regions of 0–40 % gradient; and
7. Transmuting all rangeland in the investigation region to bare soil.

Fig. 4.32  Grading of susceptibilities of Subbasin to erosion
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The results of water balance exhibited less deviation in the average actual rates 
of evaporation rates subjected to the various scenarios inspected. The lowest and 
highest positive differences in this module were 2.2 mm in scenario 2 and 6.2 mm 
in scenario 7, correspondingly. The land use variations in the seven scenarios had 
unpredictable impacts on the water modules in association with slope gradient. 
Maximum deviations were detected on water modules when transmuting all land 
uses in the investigation region into bare soil i.e. scenario 7. Relating scenario 7 
with scenario 1 revealed that surface runoff increased by 15 % i.e. 37.4 mm and 
groundwater flow decreased by 45 % i.e. 47.3 mm. Furthermore, the outcomes 
exposed that, rendering the Scenario 6, transmuting rangeland to bare soil in gradi-
ents 0–40 % (i) generated 10 % i.e. 24.8 mm extra surface runoff than the last land 
use i.e. scenario 1 and (ii) reduced the groundwater flow up to 30 % i.e. 31.44 mm 
comparative to the scenario 1. Scenario 5 disclosed that surface runoff increased 
by 8 % and groundwater flow reduced by 30 %. Scenarios 3 and 4 point out that 
surface runoff increased by 13 and 18.8 mm in surface runoff and while ground-
water flow reduced by 25 and 31.64 mm respectively in corresponding scenario 1. 
Scenario 2 revealed almost low deviation in surface runoff and groundwater flow 
with respect to scenario 1 (Land use 2007).

The predicted outcomes of sediment yield related to the seven scenarios 
revealed that the least and extreme upsurges in sediment yields, in contrast with 
scenario 1, were 4.4 % i.e. 0.37 t ha−1 rendering for scenario 2 and 19.2 % i.e. 

Table 4.12  Predictions of the impacts of land use variation scenarios on the average water bal-
ance modules and sediment yield during 1995–2004 in the Taleghan area

No. Scenario Slope (%) Precipitation 
(mm)

Evaporation 
(mm)

Surface 
runoff 
(mm)

Lateral 
flow 
(mm)

Ground-
water flow 
(mm)

Sediment 
yield  
(t/ha)

1 Current land 
use (2007)

– 701 340.5 249.4 10.43 105.3 8.28

2 Rangeland 
to agricul-
tural land

0–20 701 342.7 260.2 9.82 83.54 8.65

3 Agricultural 
land uses to 
urban ones

0–20 701 344.4 262.4 9.21 80.25 8.07

4 Agricultural 
land uses to 
urban ones

0–40 701 346 268.2 8.4 73.66 7.81

5 Rangeland 
land uses to 
urban ones

0–20 701 344.8 270.1 7.3 74.06 8.18

6 Rangeland 
to bare soil

0–40 701 342.1 274.2 6.1 73.86 9.31

7 Rangeland 
to bare soil

all 701 346.7 286.9 4.7 57.96 9.87

4.3 Results and Discussion
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1.59 t ha−1 (19.2 %) rendering for scenario 7. According to Scenarios 3 and 6, 
there were upsurges in sediment yields up to 5.3 and 12.4 % each year, corre-
spondingly, when related with scenario 1. Upsurges up to 2.3 and 1.2 % disclosed 
by scenarios 4 and 5 correspondingly once related with scenario 1. Table 4.10 por-
trays the differences in the water modules and sediment yields considering the var-
ious examined scenarios.

The outcomes of examination of scenarios regarding water balance displayed 
changed scenarios on different gradients steepness have slightest deviation on 
evapotranspiration in the investigated region. Additional deviation on water mod-
ules occurred regarding scenarios 7, where entire rangelands transformed into 
bare soil. One more precarious water module with cumulative surface runoff and 
declining groundwater flow occurred where rangelands transforming into bare soil 
in gradient steepness 0–40 %.

The predicted outcomes of sediment yield were related to the seven land use 
scenarios. The extreme upsurge in sediment yields related to the last observed land 
use (2007) was 19 % i.e. 1.6 t ha−1 regarding scenario 7 (all rangeland is bare). 
Scenario 2 i.e. rangeland to agriculture, 0–20 % and scenario 6 i.e. rangeland to 
the bare, 0–40 % revealed upsurge up to 4 and 12 % correspondingly. Scenario 3 
i.e. agriculture to urban 0–20 % gradient, scenario 4 i.e. agriculture to the urban, 
0–40 % gradient, and scenario 5 i.e. rangeland to the urban, 0–20 % gradient 
revealed reductions in sediment yields up to 2.5, 5.7 and 1.2 % correspondingly.

4.4  Conclusion

A database technique for exploring the water balance and water quality variations 
across different land uses within the Taleghan catchment was effectively settled. 
The prediction of water balance at Joestan and Galinak stations was performed 
for the simulated catchment for the duration January from 1995 to August 2004. 
Groundwater and lateral flows occurred generally in the highly elevated hilly 
region of the catchment. The foremost cause for this progression was the slow 
melting of snow packs at upper altitudes. Low temperatures at higher altitudes 
promote infiltration; consequently, further interflow occurred at these altitudes. 
Moreover, the good rangeland frequently positioned in the higher regions of the 
catchment was unreachable to the people grazing animals. Cumulative land cover 
downstream of Joestan station was highly significant subsidize to the many water 
modules.

The monthly magnitudes of altered water passageways point out that mostly 
surface runoff is the main source of the river flow consequently extreme storms 
and snow melt taking place throughout April and May. A large proportion of the 
surface runoff in June relies on snow melt that occurs at high altitude regions. A 
contrast of average monthly surface modules at Joestan station flanked by April 
and May exhibited highly considerable dissimilarities between them i.e. 100 %, 
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however low distinction i.e. 5 % at Galinak station. This proves a postpone-
ment by reason of snow melt at Joestan station which is at high altitude with low 
temperatures.

A growing trend in surface runoff was followed by degradation of land use. 
Nevertheless the lateral and groundwater flows deteriorated in the same duration. 
A positive trend was obtained for surface runoff and negative trend for interflow 
throughout the investigation period, particularly for the subsequent phase (2001–
2007). Consequently, one of the leading programs for organizers is to monitor this 
enhanced degradation that occurred in the past ten years.

The suspended sediment yields at Joestan and Galinak stations in 1987, 2001, 
and 2007 were comparatively high. The sediment yields amplified from 5.81 to 
6.68 t ha−1 at Joestan station and from 7.26 to 8.28 t ha−1 at Galinak station. 
The upsurge is a source for anxiety about the natural life of the dam reservoir. 
Meanwhile Galinak station comprises the 90 % of the entire dam catchment and 
that the mean density of soil is 2.2 t m−3, following this pattern there will be a loss 
of in excess of 300,000 m3 of the stored reservoir each year. This great quantity of 
sediments is a basis of thoughtful alarm to the government and policy makers, in 
future demanding healthier catchment management practices.

This investigation has effectively established a modified SWAT model for the 
investigated region to be employed by managers and water engineers in the catch-
ment in their policies of upcoming land improvements. Managers will be able to 
explore the impacts of different land use variation scenarios on the existing water 
quantity and sediment yield in the catchment. By means of the modified model, 
organizers and policy makers will have right to use an established model for pre-
dicting sediment yield and water supply for the future. The modified model can 
be implemented for ungagged catchments in semi-arid areas for the prediction of 
flow rate and sediment yield. Thanks to the efficacious employment of the SWAT 
model for Taleghan region, it can be suggested for regions with the alike climatic 
conditions.
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