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Abstract—The IHACRES model is being applied in a 

regionalization approach to develop streamflow predictions. 

The IHACRES rainfall-runoff model uses a non-linear loss 

module to calculate the effective rainfall and a linear routing 

module to convert effective rainfall into stream flow. A new 

version of the non-linear module, developed to aid in 

estimating flows in ungauged basins and for applications 

where time series estimates of actual evapotranspiration are 

required. The new module has only 3 parameters and has 

significantly less correlation between the parameters. Model 

used one of these regression relationships to represent 

possible effects of declining forest cover on streamflow, but 

did not obtain regional models for the parameters of the 

routing model of IHACRES. Future research should focus 

on (1) increasing the quality of rainfall estimates as an 

important way to potentially improve simulation 

performance; (2) developing joint probability distributions 

over the full set of IHACRES model parameters to improve 

estimates of predictive uncertainty; and (3) developing 

estimates of actual forest cover trends to obtain more useful 

predictions of future trends in streamflow. 

Key words: Hydrological Modelling, Conceptual Rainfall- 

Runoff Model 

I. INTRODUCTION 

IHACRES is the Identification of unit Hydrograph and 

Component flows from Rainfall, Evaporation and Stream 

flow data is a parametric efficient metric-conceptual RR 

model. It was modified by for low-yielding ephemeral 

catchments through introducing two additional parameters. 

IHACRES consists of two components: (a) the loss module 

which accounts for all of non-linearity processes and (b) the 

transfer function (or „UH‟) which is based on linear systems 

theory. The commonly used tools for quantitative decision 

making in water resources planning and management are 

essentially data driven, i.e., they are estimated from past 

stream flow measurements. Such tools include: flow 

duration curves, flood frequency curves, mean annual flood, 

and unit hydrographs. The accuracy of these quantitative 

tools is highly dependent on the record length of streamflow 

measurements that they are derived from. Streamflow 

measurements are also important for characterizing the 

hydrologic behaviour of river basins within modelling 

frameworks, so that future assessments of hydrologic 

behaviour in response to climate and/or land use change can 

be obtained. However, in many parts of India, most of the 

rivers remain ungauged. This lack of data limits the ability 

of decision-makers to assess the risks and vulnerabilities of 

water resources under potential future climate and land-use 

scenarios and can affect the quality of life of the human 

population. The catchments with inadequate stream flow 

data are classified as ungauged. Ideally, hydrologic models 

should be applicable at ungauged catchments since they 

only require climate data (e.g., rainfall, temperature, etc.) as 

inputs. Prior to applying the models for stream flow 

predictions, all the hydrologic models involve calibration of 

model parameters. Hydrologic models contain parameters in 

their process representations whose values can only be 

obtained through the calibration with historic stream flow 

data at a given catchment. 

 The input data required for the model are restricted 

to time series of rainfall and stream flow and a third variable 

by which evaporation effects can be approximated. Either 

temperature or estimates of potential evaporation may be 

used as third variable. Data time steps that may be employed 

for stream flow and rainfall range from one minute to 

monthly. The time step has to be both consistent during a 

model run and has to be the same for rainfall and stream 

flow. And the time step for the third variable is constrained 

to be the same as that for the rainfall and stream flow data, 

either daily or monthly. 

 Successful management of water resources requires 

qualitative analysis of the effects of changes in climate and 

land use practices on stream flow and water quality. While 

expert knowledge can provide indications of such impacts, 

detailed analysis requires the use of mathematical models to 

separate the water balance dynamically (at the temporal 

scale at which the important processes are operating). This 

includes separation of incident precipitation into losses to 

evapo-transpiration, runoff to streams, recharge to 

groundwater systems and changes in short-term catchment 

storages. Some of the processes which need to be considered 

are: evapo-transpiration and feedback to the atmosphere; 

vegetation dynamics; groundwater levels and the resulting 

effect on soil water logging and salination; reservoir storage 

capacity reliability; wetland dynamics; urban runoff; 

flooding; erosion in crop and pasture lands, as well as 

channel erosion and sedimentation; and aquatic ecosystem 

functions. Typically the available data for catchments (other 

than heavily instrumented research catchments) is limited to 

daily rainfall and temperature and, in some cases, stream 

discharge. Thus the mathematical model most often used is 

a rainfall-runoff model. Rainfall runoff models fall into 

several categories: metric, conceptual and physics-based 

models. Metric models are typically the most simple, using 

observed data (rainfall and streamflow) to characterise the 

response of a catchment. Conceptual models impose a more 

complex representation of the internal processes involved in 

determining catchment response, and can have a range of 

complexity depending on the structure of the model. 

Physics-based models involve numerical solution of the 

relevant equations of motion. 

 Various versions of the IHACRES model have also 

been used to address regionalisation issues. These issues 

require methods for estimating the parameters of models 

from independent means such as landscape attributes rather 

than directly from rainfall-discharge time series. The 

parametric efficiency of IHACRES (often about six 

parameters) lends itself to regionalisation problem making it 

easier than complex models to relate its parameters to 

landscape attributes. The IHACRES model is one of the 
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models to be used by the Top-Down modelling Working 

Group operating as part of the Prediction in un gauged 

basins initiative. There are a number of reasons for the 

development of a Java-based version of the rainfall-runoff 

model IHACRES. This includes several recent 

developments in the IHACRES model, particularly with the 

non-linear loss module. One such modification is the 

development of a catchment moisture deficit (CMD) 

accounting system which enables a more process-based 

determination of the partitioning of rainfall to discharge and 

evapotranspiration. 

II. MODEL REVIEW 

“J.Nobert&E.Busingye (2013)” [1] IHACRES model which 

has been used to model the pluvial watersheds in 

mountainous regions is better for the Kasese district that is 

mountainous. IHACRES is a relatively simple form of 

model based upon excess precipitation. Despite the simple 

formulation IHACRES has been shown to be suitable in a 

wide range of rainfall-runoff catchments. Regionalization 

approaches to daily streamflow predictions using the 

IHACRES model have been previously reported for the 

Coweeta watershed considered 13 catchments within a 16 

km
2
 watershed. 

 In order to predict flows at ungauged sites using 

calibrated rainfall-runoff models, a method of estimating a 

parameter set is needed. Methods based on estimating 

parameter sets rather than individual parameter values have 

a considerable advantage due to the highly nonlinear nature 

of catchment responses and the correlations that typically 

exist in rainfall-runoff models. Application of regression 

relationships between catchment attributes and individual 

parameters requires parsimonious models that have strong 

relationships between parameters and catchment attributes 

as well as little correlation between different parameters. 

While IHACRES has been used in previous regionalisation 

studies, the CMD version of the non-linear loss module has 

a potentially better structure for regionalization. 

Regionalisation by describing these hydrological 

characteristics in terms of physical descriptors then allows 

estimation of the unit hydrograph for any catchment in the 

region. Application of this methodology allows flow series 

to be constructed and the sensitivity of flow to the 

hydrological characteristics and to physical descriptors to be 

investigated. The objective of this paper is to explore 

transferability of model parameters between catchments, 

based upon catchment characteristics. The ultimate goal is to 

provide guidance to water resource practitioners to reduce 

predictive uncertainty at ungauged locations. 

 “Yusuf Javeed and Apoorva K V (2015)” [2] in the 

present study, for the purpose of regionalisation, a lumped 

conceptual model namely, IHACRES has been used. 

IHACRES is a parsimonious model having six numbers of 

parameters and requires small data input. The model 

parameters are used to characterise the daily stream flow of 

the catchment and are related to the landscape attributes of 

the catchments. Further, as an offshoot, IHACRES provides 

for base-flow separation and development of unit 

hydrograph, which becomes an input in other hydrological 

works. 

 In the current paper, the model IHACRES is 

applied at daily time step to six catchments (Malathi, 

Hemavathi, Lakshmanthirtha, Yetthinahole, Kadumanehalla 

and Kumaradhara) in the region of Western Ghats, 

Karnataka. IHACRES, being parsimonious, requires 

precipitation and temperature as the only data-input. 

Information is compiled for physical catchment descriptors 

using the elevation map of the area (DEM) and 

relationships are developed between the parameters and 

the descriptors. These relationships are validated by 

modelling daily stream flow of a gauged catchment 

(Nethravathi). This work proves that as an alternative 

model, IHACRES does well in the domain of flow 

regionalization with least data inputs. 

 “Paola Allamano, David Hutchinson and Paul H. 

Whitfield” [3] Regionalization approaches to daily 

streamflow predictions have been previously reported for 

the Coweeta watershed. Here, we use a similar approach but 

on a vastly different scale. Kokkonenhas considered 13 

catchments within a 16 km2 watershed, while we consider 

23 watersheds ranging in size from 2.88 to 9500 km2. If 

there is a relationship between model parameters and basin 

attributes, a wider range of watersheds might prove to be 

more distinguishing than a number of similar basins. This 

range would span the variety of basins for which estimates 

of streamflow might be desirable in rainfall systems on the 

Pacific Coast, since our desired output is a procedure for 

estimating IHACRES model parameters for ungauged 

basins in the mountainous regions of British Columbia. 

 The IHACRES model has been widely shown to 

be successful in modelling rainfall-runoff processes in a 

variety of environments including mountainous regions.  

Our objective was to determine if landscape features could 

be used to determine model parameters that could 

successfully be transferred to ungauged  basins  and  the  

uncertainty  of  such  estimates  be  simultaneously  

assessed.  Here we report preliminary results where 

calibrated model parameters from a variety of mountain 

watersheds are compared to basin area, drainage density and 

other attributes derived from digital elevations models. 

These results indicate that some model parameters exhibit a 

relation to basin characteristics. However, noise in these 

relations limits the usefulness of the model for estimating 

hydrologic response at ungauged mountain basins. 

 “B.F.W. Croke and I G Littlewood” [4]The 

IHACRES model has been successfully applied to many 

catchments across the UK including regionalization studies.   

However, while the previous formulation of the non-linear 

module performs well in calibration and simulation, the 

module has some identified deficiencies in the 

representation of the impacts of climate change on volume 

of streamflow. The recently developed Catchment Moisture 

Deficit (CMD) version of the non-linear module has a 

stronger physical basis than the previous formulation of the 

IHACRES non-linear loss module, which potentially 

enhances the performance in regionalization studies. 

 The ultimate aim of this study is to apply the 

model to 60 catchments in England and Wales and 

examine potential regionalization strategies using the CMD 

model.  The previous IHACRES model has already been 

applied to and a comparison of the two results will be 

used to evaluate the strengths and weaknesses of the two 

versions of IHACRES for such studies. This paper describes 

initial tests on the performance of the revised IHACRES 
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model on 7 catchments in Wales. The catchments span a 

range of areas from 129 to 1480 km
2
 with most having a 

high runoff coefficient of greater than 0.7, with the 

remaining catchment located in east Wales, and has a runoff 

coefficient of 0.44 regionalization study based on these 

catchments, Using cross correlation analysis, one of the 7 

catchments   (Teme)   was   found   to   have   no seasonality 

in the rainfall distribution and only a slight seasonality in 

the streamflow response.   In comparison the remaining 6 

catchments all had strong seasonal variation in the 

streamflow driven by a slight seasonality in the rainfall.  In 

addition, all 6 catchments had very similar streamflow- 

rainfall cross correlation functions, indicating that a similar 

model structure should apply to all 6 catchments, and that 

there is a strong potential for regionalization. 

 “Richard M. Anderson, Jonathan L Goodall”[5]In 

the Lake Erie northern Ohio, USA basin, reductions in forest 

cover implied by ongoing rates of urbanization are likely to 

lead to changes in hydrologic regime. To link land use and 

river discharge, the parameters of the loss module of the 

IHACRES hydrologic model were statistically related to 

catchment landscape attributes, including forest cover. This 

regionalization approach was based on a set of 11 

catchments related hydrologic ally by their common location 

within the Lake Erie drainage basin. Two catchments are of 

particular interest for predictive purposes, the Chagrin 

(637.1 km2) and the Grand (1774.1 km2). Both are located 

toward the east within the more urbanized portion of the 

region. Our previous analysis did not report regional 

relationships with the parameters of the routing model of 

IHACRES and thus was unable to sufficiently test predictive 

ability within the catchments of interest. The top-down 

approach to hydrologic model development is one that 

begins with an analysis of Catchment scale data and features 

from these attempts to infer smaller-scale processes. 

Previous authors have categorized the use of the hydrologic 

model IHACRES in a regionalization approach as an 

example of the top-down method. IHACRES is desirable for 

use in regionalization analysis because of its simple 

structure and parsimonious parameterization. The 

IHACRES model within an overall integrated assessment 

framework under development for application within the 

Lake Erie, northern Ohio USA basin. 

III. MODEL STRUCTURE AND AVAILABILITY 

The selection of which model to use should be based on the 

issue(s) being investigated. As more complex questions are 

asked, more complex models are needed to provide the 

answers. However, with increasing model complexity come 

the costs of increasing uncertainty in the model predictions. 

The IHACRES model is a hybrid conceptual-metric model, 

using the simplicity of the metric model to reduce the 

parameter uncertainty inherent in hydrological models while 

at the same time attempting to represent more detail of the 

internal processes than is typical for a metric model. 

 
Fig. 1: show the generic structure of the IHACRES model. 

 It contains a non-linear loss module which converts 

rainfall into effective rainfall (that portion which eventually 

reaches the stream prediction point) and a linear module 

which transfers effective rainfall to stream discharge. 

Further modules can be added including one which allows 

recharge to be output. The inclusion of a range of non-linear 

loss modules within IHACRES increases its flexibility for 

assessing the effects of climate and land use change. The 

linear module routes effective rainfall to stream through any 

configuration of stores in parallel and/or in series. The 

configuration of stores is identified from the time series of 

rainfall and discharge but is typically either one store only, 

representing ephemeral streams, or two in parallel, allowing 

base flow or slow flow to be represented as well as quick 

flow. Only rarely does a more complex configuration than 

this improve the fit to discharge measurements. Figure 

shows Generic structure of the IHACRES model, showing 

the conversion of climate time series data to effective 

rainfall using the Nonlinear Module, and the Linear Module 

converting effective rainfall to stream flow time series. 

 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 uk given 

by: 

uk = [ c ( Фk – l)]
p
rk 

 Where rk is the observed rainfall, c, l and p are 

parameters (mass balance, soil moisture index threshold and 

non-linear response terms, respectively), and φk is a soil 

moisture index given by:  

Фk= rk + (1 – 1/Ʈk) Фk-1 

With the drying rate τk given by:  

Ʈk= Ʈwexp (0.062f (Tref – Tk)) 

 Where, Ʈw, f and Tref 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 

c, 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 l to zero and p to one (with 

the soil moisture index in the original model given by Sk = C 

Φk). 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 in Hanson et al.. 

A. Availability 

In order to obtain the effective rainfall, a catchment wetness 

index or antecedent precipitation index, representing 

catchment saturation, is calculated for each time step. 

Two modes in which IHACRES can be used is through 

1) Available software packages built around the IHACRES 

model 

PC-IHACRES was developed jointly by the Centre for 

Ecology and Hydrology, Wallingford (a component 

organisation of NERC) and the Integrated Catchment 

Assessment and Management Centre (ICAM), Australian 

National University, Canberra. The original structure of 

IHACRES uses the exponential soil moisture drying rate 

index. The Classic Plus version will provide greater choice 

of model structure, etc., and it is more suitable for certain 

applications than PC-IHACRES. IHACRES Classic Plus 
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also includes the loss module structure incorporated in PC-

IHACRES (Croke et al., 2005). 

 IHACRES incorporated by SAGA-GIS, can be 

used for flow prediction in ungauged catchments.  

2) Self-Written Program 

By understanding the methodology used to develop the 

IHACRES model, self-written program can be implemented 

through programming languages such as MATLAB, C-

Programming, etc., In the present work, Microsoft excel 

worksheet is used to write the program and execute the 

same. In addition, this calibration method reduces the 

number of parameters that need to be estimated within the 

model, thus reducing the parameter uncertainty while at the 

same time reducing the time required to calibrate the model. 

IV. CONCLUSION 

 It is simple, parametrically efficient and statistically 

rigorous. 

 Results are data-based, and require no subjectively 

estimated parameter values. The model provides a 

unique identification of system response even with 

only a few years of input data. 

 Input data requirements are simple, comprising only 

precipitation, stream flow and temperature. 

 Simulations are quickly set up, and computational 

demand is low. 

 The model can be run on any size of catchment. 

Hourly time steps are recommended for catchments up 

to 1 km2, while a daily time step is appropriate for 

larger catchments 

 The model efficiently describes the dynamic response 

characteristics of catchments Statistical relationships 

may be developed relating these dynamic response 

characteristics to physical catchment descriptors such 

relationships provide a basis for regionalising results of 

sample catchments. 

 It can also be used to assess changes in stream flow 

following a change of land-use in a catchment. 
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