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Abstract— Stream-flow in arid and semi-arid regions should
to be dominated by responses to intense rainfall events. Such
events have a high degree of spatial variability, coupled with
poorly gauged rainfall data. These set a fundamental limit on
the capacity of any rainfall-runoff model to reproduce the
observed flow. The IHACRES model is a conceptual
parametrically efficient rainfall-runoff model that has been
applied to a large number of catchments covering a diverse
range of climatologist. While originally designed for more
temperate climates, the IHACRES model has been
successfully applied to a number of ephemeral streams in
various catchments.
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I. INTRODUCTION

A. General Introduction

Accurate estimation of stream flow is essential for
engineering design, water resources management and
planning, pollution control, conservation and even
recreational use. However, due to lack of effective and
consistent instrumentation, data are not always available
where a need exists. Given that rainfall data are usually
available, rainfall- runoff models provide a technique for the
simulation of flows given a set of model parameters.

In the ungauged basins such direct measurements
of stream flow predictions are never available and
prediction in those basins requires alternative approaches. A
major difficulty in predicting hydrology of this type of
basins is the fact that watershed response is uniquely
governed by interactions of climate, topography, geology,
and vegetation.. Statistical relations between calibrated
parameters and watershed characteristics may show the
information about the hydrologic processes and serve to
develop a classification system wuseful for reducing
predictive uncertainty at ungauged locations.

Typically the available hydrological data for
catchments (other than heavily investigated research
catchments) is limited to daily rainfall and temperature and,
in some cases, stream discharge. Thus the mathematical
representation most often used is a rainfall-runoff model.
Rainfall-runoff models fall into several categories, there are
likely as metric, conceptual and physics-based models. The
Metric models are the most simple, using observed data
(rainfall and streamflow) to summarize the response of a
catchment. The Conceptual models derive more complex
representation of the internal processes contained in
determining catchment response, and can have a range of
complexity depending on the structure of the model. The
Physics-based models contain the numerical solution of
relevant equations of motion.

B. Model Structure

The IHACRES model is a conceptual model, by using the
phenomena of the metric conceptual model to reduce the
parameter uncertainty in hydrological models while at the
same time attempting to represent more detail of the internal
processes than is typical for a metric model.
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Fig. 1. Generic structure of IHACRES model

It is involve a non-linear loss module which
converts rainfall into effective rainfall (which portion
eventually reaches the stream prediction point) and linear
module which transfers effective rainfall to stream
discharge.

In order to use this model Independent parameter
estimation software, the IHACRES model needs to be able
to be run from the command line. Currently, an adaptation
of the non-linear module with the effective rainfall ux given
by:

Uk=[c(Dx—1)]Prc (1.1)

Where ry is the observed rainfall, ¢, | and p are
parameters (mass balance, soil moisture index threshold and
non-linear response terms, respectively), and ¢k iS a soil
moisture index given by:

D=+ (1 - 1/Tw) Dra (1.2)

With the drying rate t« given by:

Ti= Twexp (0.062f (Trer — Ti)) (1.3)

Where, Tw, f and Trer are parameters (reference
drying rate, temperature modulation and reference
temperature, respectively).

This formulation enables the gain of the transfer
function to be directly related to the value of the parameter
¢, thus simplifying model calibration.

This version of the model is more general than the
version used within the IHACRES_PC model which can be
recovered by setting parameters | to zero and p to one (with
the soil moisture index in the original model given by Sx=C
®y). This version of the non-linear module is described in
detail. Examples of studies that have used this version of
IHACRES (with minor modifications to the Equation 3) can
be found.

Il. MODEL REVIEWS

[1] This is examined the utility of the physical catchment
descriptors (PCD’s) to predict model parameters so as to
explore transferability of IHACRES model parameters based
upon the physical catchment characteristics. This IHACRES
model was calibrated for four catchments to obtain a set of
dynamic response characteristics (DRCs) describing the
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hydrological behaviour within the region.

[2] The long-term measurements of river stream
flow are essential for numerous applications in water
resources. In the many parts of the world, rivers remain
ungauged; stream flow prediction for such ungauged
catchment requires information transfer from gauged
catchments that are perceived to be hydrologic ally
similar to them.

[31 In many African and South African
catchments, the water is an increasingly limited and
highly fluctuating resource. Accurate prediction of low
flows is especially vital if water resource managers are
to successfully balance the growing needs of agriculture,
industry and rural and urban populations, while
maintaining the health of aquatic and riparian ecosystems.

[4] Data analysis techniques (e.g. trend analysis,
de convolution and base flow filtering) were used to assess
the temporal and spatial variation in the hydrologic
response characteristics for each site. The lumped
conceptual rainfall-runoff model IHACRES version is
applied to the sub-catchments to derive the adequacy of the
model response in representing the impact of weather
patterns on stream flow. Several performance criteria have
been used to calculate the performance of the mode line
each calibration period using a multi-criteria approach. The
IHACRES-3S (3 Storage) model is applied to assess low
flow behaviour and capture the timing in the switch
between baseflow and no flow periods. Rainfall-runoff
model performance for characteristics of each sub-
catchment are nearly related to their incident rainfall area.
Sub-catchments which are actually located in a lower
rainfall area, which show poor to average model
performance. The reduction in performance in R2 is due to
the poor fitting to the peaks for both large and small stream
flow events, with the model under estimating the highest
flow peaks, and over estimating smaller peaks. Future
work will be required to derive observed data reliability
and improve model performance in order to separate the
impacts of climate variations and land use change on
hydrological response. An appropriate model structure
having a variable partitioning between quick and slow flow
components is under consideration and techniques are
being used to identify problematic periods and events with
high error in the observational data.

IIl. STUDY AREA

Hiran River is situated in the gir- somnath district, which is
placed in the saurashtra zone of Gujarat state. The most part
of river has remained in the forest area of gir. This area is
considered as semi-arid regions of this district. Most of land
is cultivated. Hiran River is located between 22° 3' 42.768"
north and  73° 29' 39.984" east. It meets the Arabian Sea
near Unava Bandar.

The IHACRES model needs to provide the some
basic input parameters to run the model. As per the model
requirement the input parameters are like as daily rainfall
data, daily temperature data and daily stream flow data. On
this catchment the outlet point has placed on the
downstream portion of dam which is far up 10km from the
site of dam.
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Fig. 2: Catchment area of Hiran River

The stream gauge station is situated near sasan,
which is a far away as an upstream km from the kamleshwar
dam. The outlet point is shown in following figure and
catchment area is 193.5212 km? described as following.

In the figure the Catchment of Hiran watershed has
described as above. The GDS on River is placed near the
sasan town, which is situated a faraway 10km from the site
of kamleshwar dam. The delineation of catchment has done
through the AutoCAD.

IV. METHODOLOGY

A. Model Calibration

The Hiran River is a Small (area approximately 147.9383
km2) catchment in Western Saurashtra. The catchment has
a dry tropical climate, with rainfall dominated by high
intensity events. The data used in this tutorial is for gauge
near Sasan town. The data extends from June 1, 2001 to
October 31, 2010. The data consist of rainfall (mm),
streamflow (Cusecs) and temperature (C°). First five years
were used as calibration period from 1% June, 2001 to 31%
October 2005. The second period was used for validation
between 1June, 2006 to 31% October, 2010.

The calibrated parameters for non-linear terms by

the optimization are shown as per below.
Sr. No. Parameter Value
Volume of conceptual
1 catchment wetness 2077.4
storage (1/c)
2 Soil moisture index (1) 0
3 Non linear response 0.906559
terms (p)
4 Temperature modulation 28.66365
factor (f)
5 Catchment drying time 67.00093
constant(Tw)
6 Reference Temperature ( 28.93697
Tref)
Table 1: Values of Calibrated Parameters For Hiran
Catchment.

The calibration values of parameters were from
optimization. The reference values of all six parameters
taken from the research paper of BFW croke and Jackmen.
Here we can see the screen shot of calibrated values in MS
Excel sheet with R2( co efficient of determination).

B. Model Validation

The performance of model in semi arid regions was Shawn
good as compare to other conceptual models. In this study of
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Rainfall- Runoff model the validation period has taken
between the 1stjune, 2006 to 31st October, 2010. The
parameters were optimized from the calibration period. Here
actually we had put the calibrated values of all parameters.
The performance of model is good in this semi arid region.
Here we can Shawn best fit of parameters.

The validation period we had taken from 1st June,
2006 to 31st Oct, 2010.

V. RESULT AND DISCUSSION

A. Temperature modulation factor (f)

The larger the value of “f” means the reference drying rate
increase with temperature increases. We can get the value of
“f” is 28.66365C0-1 means this value is good for prediction.
The temperature modulation factor increases with
temperature increases. So, the storage capacity of catchment
decreases with catchment increases.

B. Catchment drying time constant (Tw):

The value of catchment drying time constant means the
catchment will dry in particular days. In the study area of
Hiran catchment the area is 147.8393 km2. The entire area
has been considered in semi arid regions as well as fully
forest area. So, the catchment drying time is nearby 67 days.
This catchment will dry in 67 days. This value is good
predicted as compare of semi arid regions.

C. Volume of conceptual catchment wetness storage (1/c):

Volume of conceptual catchment wetness storage is directly
concerned with the catchment wetness storage index. The
larger the value of 1/c means the grater the catchment
storage capacity and lower the stream flow. The 1/c should
directly vary with the landscape attribute that slow flow
delivery to stream channel. In the Hiran catchment value of
1/c is 2077.4mm as best fit for semi arid regions and this
greater value of 1/c derives the capacity of catchment is
good for prediction of stream flow.
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