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A B S T R A C T

The sediment graph models are useful for computation of sediment yield as well as total sediment out flow from
watershed. In this study, the analytical development of proposed sediment graph models is based on Soil
Moisture Accounting (SMA) procedure coupled Soil Conservation Service-Curve Number (SCS-CN) method,
Nash’s Instantaneous Unit Sediment Graph (IUSG)model and Power law. This coupling has led to the develop-
ment of four sediment graph models (SGMs), i.e., SMA-SGM1, SMA-SGM2, SMA-SGM-3 and SMA-SGM4 de-
pending on the four different hydrologic conditions as: (i) initial soil moisture (V0)= 0 and initial abstraction
(Ia)= 0, (ii) initial soil moisture =(V ) 0andinitialabstractionI 00 a , (iii) initial soil moisture

=(V ) 0 and (I ) 00 a , and (iv) initial soil moisture V and I( ) 0 initial abstration ( ) 0a0 , respectively.
These models are applied on six natural watersheds with nineteen storm events having different land use/land
cover, climatic condition (arid, semi-arid, humid and sub-tropical), rainfall and land slope conditions. The
goodness-of-fit statistics is evaluated in terms of Nash Sutcliffe efficiency (NSE) and relative error (RE) between
observed and simulated (calibrated and validated) sediment graphs. Further, the performance of these models is
also compared with the sediment graph model of Bhunya et al. (2010) (BSGM) on all the six study watersheds. It
is found that the proposed models perform very well in simulating sediment yield generation process for all the
watersheds and show significant improvement over the BSGM model.

1. Introduction

Time-distributed sediment yield modeling has paramount im-
portance in hydrology, water resources and environmental engineering.
It has been recognized to be fundamental to a range of applications such
as river morphology, natural resource conservation planning, land
management, soil and water conservation and agricultural and water
resource planning. The process of sediment yield generation is ex-
tremely complex and mainly consists of detachment and transport of
sediment particles by raindrop and runoff (Tyagi et al., 2008). The
sediment yield modeling is more complex as compared to other types of
watershed modeling, as it arises from a complex interaction of several
hydro-geological processes, and the knowledge of the actual process
and extent of suspended materials is far less detailed (Bennett, 1974).

The sediment flow rate plotted as a function of time during a storm
at a given location is known as sediment graph. Without a sediment
graph, only the average sediment rate for the storm can be computed.
The average sediment yield is not adequate for computing dynamic

suspended sediment load and pollutants load during the storm
(Raghuwansh et al., 1994). Rendon-Herrero (1978) developed a sedi-
ment graph model based on unit sediment graphs (USG) approach de-
fined as the unit sediment graph generated from one unit of sediment
for a given duration distributed uniformly over a watershed.

The sediment yield models can be classified into three groups: (1)
lumped, (2) quasi-lumped and (3) distributed (Singh et al., 2015a,
2015b). Probably the most widely used lumped model for estimating
sediment yield from small agricultural watersheds (agricultural, forest,
and urban) is the Universal Soil Loss Equation (USLE) developed by
Wischmeier and Smith (1978). To apply USLE to large watersheds, the
concept of sediment delivery ratio (ratio of sediment generated to the
amount of erosion) has been incorporated. Another lumped sediment
yield model was developed by Mishra et al. (2006a, 2006b) by coupling
the Soil Conservation Service Curve Number (SCS-CN) method (SCS,
1956) and USLE. Later on, a sediment yield was developed by Tyagi
et al. (2008) by utilizing the SCS-CN based infiltration model for
computation of rainfall-excess rate and the SCS-CN-inspired
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Abstract
The Soil Conservation Service Curve Number (SCS-CN) method is frequently used for the
estimation of direct surface runoff depth from the small watersheds. Coupling the SCS-CN
method with the Soil Moisture Balance (SMB) method, new simple 2-parameters rainfall-
runoff model and 3-parametrs rainfall-sediment yield models are derived for computation of
runoff and sediment yield respectively. The proposed runoff (R2) and sediment yield (S2)
models have been tested on a large set of rainfall-runoff and sediment yield data (98 storm
events) obtained from twelve watersheds from different land use/land cover, soil and climatic
conditions. The improved runoff (R2) and sediment yield (S2) models show superior results as
compared to the existing Mishra et al. (S1) and original SCS-CN (R1) models. The results and
analysis justify the use of the proposed models for field applications.

Keywords Sediment yieldmodel . Rainfall-runoff model . SMB .Watershed

1 Introduction

Estimation of runoff and sediment yield is of paramount importance in water resources,
environmental engineering and hydrology. The estimates of these variables are mainly required
for assessing the water resources, planning of soil and water conservation structures, and for
assessing the impact of climate change on watershed output (Mishra and Singh, 1999). The
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Rainfall and surface water resources of Rajasthan State, India
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Abstract

The water resources in Rajasthan State are facing a crucial stage even after average/good rainfall. Temporal dis-
tributions as well as the spatial variability of rainfall within the state were investigated by applying an analysis of
variance (ANOVA) test. The effect of change in catchment characteristics and anthropogenic activities on overland
flow are also investigated in this paper by applying a regression technique. Inflow to the surface water resources of
the state is regularly decreasing. Time series analysis and sequential cluster analysis reveals that 1994 was the criti-
cal year, which divides the two consecutive non-overlapping epochs viz. pre-disturbance and post-disturbance.
Due to increasing population and the subsequent increase in agriculture (specifically using groundwater sources)
having increased catchment interceptions, there is a regular decreasing trend of surface runoff and surface water
availability. The study highlights that, in spite of an increasing trend of rainfall witnessed during the last 100 years,
inflow to the surface water resources of the state is decreasing at a fast pace owing to a decrease in the percentage
area contributing to surface runoff.

Keywords: Catchment degradation; Critical year; Infiltration; Rainfall; Runoff; Surface water resources

1. Introduction

Rainfall is the ultimate source of water resources in Rajasthan State. Partitioning of precipitation into
different hydrological processes at any place largely depends on precipitation intensity. Surface flow, or
we can say the overland flow, depends upon rainfall pattern and catchment characteristics. The amount
of falling rain that can be utilized depends greatly on the intensity, drop size, velocity of the rain, catch-
ment roughness and other catchment characteristics. Infiltration results in recharge of the aquifer system
and discharge as sub surface flow (Alfa et al., 2011).
If rainfall intensity exceeds the infiltration capacity of the soil, rain will accumulate on the surface

and, depending on the surface roughness, the gradient of the land surface, and the available depression
storage, Hortonian Overland Flow (HOF) may occur, as according to Horton’s Infiltration-excess
Overland Flow (IOF) theory (Alfa et al., 2011). Horton considered infiltration as central to the

Water Policy 18 (2016) 276–287
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Abstract 

Groundwater is a precious and most widely distributed distinguished resource of the earth and unlike any other natural resource, 
it gets annual replenishment from the precipitation. Knowledge of spatial and temporal behavior of groundwater is utmost 
important for its management. Levels of groundwater are generally gathered at random points. But for groundwater modelling, 
the measured groundwater levels are often required to be interpolated at the grid nodes. In the present study Kriging technique 
was used to interpolate the groundwater levels in Bina river sub-basin of Betwa river Basin in drought affected Bundelkhand 
region of Madhya Pradesh. Spherical Model was found the best fit after drawing a semi-variogram from the output of the spatial 
correlation operation. Also, the best parameters for nugget, sill and range were obtained from the best fit spherical model. 
Interpolation of pre and post monsoon groundwater levels was carried out for the year 1995, 2000, 2005 and 2010. Finally, the 
water table fluctuation maps were generated showing the fluctuation in the pre monsoon period between the years, 1995-2000, 
1995-2005 and 1995-2010 and the areas under rising/falling trend of groundwater table were delineated. The study shall be useful 
for planning groundwater development in Bina river basin and to suggest alternate cropping pattern for sustainable water 
resource development in part of Sagar and Raisen districts. The results reveal that the groundwater table in the central to 
northwest part of Bina watershed is declining in recent years. The groundwater recharge may be improved by construction of 
percolation tanks and farm ponds in the lower most corner of thegricultural fields.  
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of organizing committee of ICWRCOE 2015. 

Keywords: Groundwater level mapping, groundwater fluctuation, Kriging, Bina watershed. 
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Abstract 

Small Hydel Power Projects have proved to be a blessing in the power generation sector, but a question arises that does it finds a 
successful way in the arid and semi arid areas of Rajasthan state? To investigate the fact the authors have tried to accumulate the 
required information in context with the small hydro projects. This paper contains the feasibility analysis, design methodology 
and the points to be considered during the estimation of cost with special emphasis to the state of Rajasthan. A site was 
discovered on the Indira Gandhi Canal of Rajasthan state for the preliminary design to be made, involving the latest technologies 
to increase the efficiency. A message has also been conveyed by the paper to promote the use of renewable energy sources and to 
keep the benefits which in fact contributes in achieving the path of self sufficiency for a nation. Finally some points have been 
concluded which can be kept in mind for the future planning in the hydel generation in an arid or semi arid region. Pay back 
computation is showing a 12.36 year to return the capital investment. The research has been done on the prevailing sites and 
identification of the potential sites and the problems related to implementation in rural areas of Rajasthan. Combined Solar-
Hydro hybrid system is proposed to optimally utilize the infrastructure and manpower. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of organizing committee of ICWRCOE 2015. 
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1. Introduction 

Hydropower is a Renewable non- polluting and environmentally benign source of energy. It is perhaps the 
oldest renewable energy technique known to mankind for mechanical energy generation as well as electricity 
generation. Since our environment suffers from gas emission, the use of clean and renewable energy sources is one 
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