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1 STRUCTURE OF THE USER GUIDE 

The user guide contains three different types of material: 

 Model description: the model equations and theory are described in detail 

 Software operation: the main model controls and functions are described in 
detail with practical examples 

 Background information: includes broader modelling context and research 
results. 

The material has been constructed and structured as user-friendly as possible to serve 
the needs of users with different backgrounds and purposes of model use. The 
material includes illustrative figures and diagrams to make it easier for the user to 
follow and apply the information. The linkages between model operation and model 
description have been established to facilitate the better understanding of the theory 
behind the different parts of the model.  

1.1 STRUCTURE OF CHAPTER AND INFORMATION BOXES 

Each chapter begins with the small text box with short introduction to the chapter and 
list of the sub-headings in the chapter including links to the places in text where the 
sub-headings are. The example of the small white text is provided boxes presented 
below: 

 

The steps to guide user through use of certain part of the model are described with the 
numbered lists: 

1. the main steps are described with numbers:  

a. the sub-steps are described with letter  

The text boxes provide more detailed information for example the parameters and 
other functions. The boxes also provide model examples based on the projects the 
model has been applied.  

Box 1.  Example of text box. 

 

The links between Model operation and Model description parts are marked as an 
underlined blue text following the page number inside the brackets [page_number] 
where the link is pointing to.  

This is the example of the link: See Box 1 [7] 

Aim of text boxes:  to provide more detailed and in depth information 
or theory background of the parameters, to offer 
modelling examples, etc 

Text box at the beginning of each chapter works as a chapter introduction. Each 
sub-heading, as shown below) is linked to the place in question in text. Thus, it is 
easy to move to the point interested 

0.1  [link to the sub-heading] 
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The information box is marked with the blue info-symbol  as illustrated below. 
The information box provides important information of the programme.  

 

The trouble-shooting information box is marked with the orange no-symbol  as 
illustrated below. The information box provides information of the trouble shooting 
when possible malfunction of the programme occurs.  

 

The additional information box is marked with the blue computer symbol  as 
illustrated below. This box provides e.g. more detailed information of the parameter, 
description of some term, etc. 

 

Whether you should have any further comments and/or questions related to the IWRM 
model system, this material, or other matters related to the model or modelling work, 
please contact to EIA staff by email. 

 

1.2 EXERCISES 

 

 

 

 

 

The text box with the gears defines exercises. The exercises are 
aimed at illustrating the main concepts and training for model use and 
application. 

 

 

The text box with the blue computer symbol provides additional 
information of the issue dealt in the text. This can be e.g. explanation 
of the parameter, description of some term, etc.  

 

 

The text box with the orange no-symbol provides information of the 
trouble shooting when possible malfunction of the programme occurs 

 

 

The text box with the blue info symbol provides important information 
of the programme which should be taken into account when running 
the software. 
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2 IWRM MODELLING BACKGROUND 

2.1 WHAT IS IWRM MODELING 

IWRM modelling can be understood in two ways. First of all it is a tool for 
supporting the IWRM approach and process. For this reason IWRM modelling 
needs to link different water uses, environment and socio-economic factors 
together. For instance, IWRM modelling needs to address impacts of hydropower 
development in terms of hydrology/flow regime, flooding, water quality, irrigation, 
erosion, fisheries and agriculture productivity, forestry, habitats, losses and 
benefits and livelihoods. Both local and cumulative/regional impacts need to be 
addressed. Specific requirement for IWRM modelling comes from the participatory 
nature of the IWRM process: IWRM should be able to support all levels of 
governance, also the grass root level. This requires that IWRM model should be 
easy to use, transparent and should provide illustrative results that can be utilised 
in a decision making process and in communicating information to different 
stakeholders.  

The second way in defining IWRM modelling is to consider it without reference to 
the established IWRM process and concept. In this way the integrated aspects of 
modelling are highlighted. The modelling can and should integrate the following 
components: 

 hydrology ï natural water cycle is the basis for all other model components 

 land use ï land use impacts the hydrological response of the watershed 
and is an integral part of environmental and socio-economic assessment 

 flooding ï flood pulse is the basis of the high productivity of the Mekong 
system; flooding has both positive and negative socio-economic impacts 

 ground water ï ground water can be an important asset for communal and 
agricultural water usage; ground provides important dry season base flow 

 erosion ï watershed, river bank, river bed and coastal erosion; flow regime 
changes, land use changes, climate change (rainfall intensity) and 
reservoir sediment trapping impact sediment input to the system and 
deposition/erosion balance 

 water quality ï land use changes (diffuse load), fertilisers, pesticides, 
municipal and industrial wastes, aquaculture, saline intrusion, river flow, 
reservoirs and climate change among others impact water quality 

 agriculture ï crop yield and value, irrigation, erosion and agrochemicals are 
some of the issues 

 forestry ï hydrology, watershed erosion, forest production, diffuse load of 
nutrients and sediments are the main interest issues 

 hydropower and other reservoirs ï flow regime changes, sediment trapping, 
water quality, erosion, fisheries production and greenhouse gas production 
are some of the local issues 

 habitats ï basis for biodiversity and productivity of natural systems 

 valuation of losses and benefits ï basis for socio-economic impact 
assessment; monetary valuation tells only part of the story, for instance 
vulnerability needs to be considered  
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 socio-economics ï model results and socio-economic data can be 
integrated in GIS tools; vulnerability, livelihoods and cost/benefit analyses 
are part of the socio-economic assessment. 

It is not practical or even possible to include all of the factors in one model. The 
MRC modelling ToolBox is based on the idea of using number of models either 
separately or coupled together for integrated assessment. The IWRM model 
integrates quite a lot of factors, but for instance detailed flooding processes, 
aquatic productivity and river bank and coastal erosion are modelled with the 3D 
model using the DSF or IWRM model results as boundary values. The ToolBox 
development is a continuous process. Some of the system modules are more 
developed than others. Especially groundwater, habitats and socio-economics 
tools need further development. Also application of the existing models is an on-
going process. One of the main needs and challenges is integrated and 
comprehensive modelling of the Mekong Delta. 

 

 

 

 

2.2 HISTORICAL OVERVIEW OF THE MRC IWRM MODEL DEVELOPMENT 

The EIA IWRM hydrological model is developed by Environmental Impact Assessment 
Centre of Finland Ltd (EIA Ltd.) in cooperation with different research organisations 
(especially the Aalto University/Technical University of Helsinki). The current 
development is conducted under and in cooperation with the MRCS. 

The incentive for creating the IWRM model originates from a River IIjoki watershed 
modelling project in Finland 1991 ï 1994. The project was realised in cooperation with 
the Helsinki University of Technology (HUT), National Board of Waters and 
Environment and Oulu Water and Environment District. During the project a semi-
distributed hillslope model for a large watershed was developed by HUT. The model 
included a sub-grid land type distribution. In connection with this, EIA Ltd. developed of 
fast solution for complicated river network hydrodynamics and water quality, first 
version of the graphical user interface and visualisation software for river water quality 
distributions including animations. The objectives of the project were to study dynamics 
and distribution of nutrients from agriculture, forestry and peat mining under different 
development scenarios and to support obligatory water quality monitoring. The 
modelling approach was in practice complicated and slow. To improve the approach, 
accuracy and usability of watershed modelling a distributed model development was 
initiated. 

The model system development intensified in 1999 ï 2001 when a project Decision 
Support System for River Basin Management (RiverLife) was executed. The project 
was financed by the European Commission, the four Ostrobothnian Province 
Associations and Technology Development Centre TEKES. The project developed 
support tools for cost-effective river basin management in co-operation with 12 other 
institutes. The developed system combines river base modelling, database 
connections, decision support modules and internet technologies. The main tool was 

 

Exercise: Initiate preparation of a scientific article on IWRM 
modeling. Publish it in a peer-reviewed scientific journal. 

 

 

Country exercise: Select a national priority area for IWRM modeling, 
identify main (inter-connected) issues, build a conceptual model, 
present the result for discussion 

 



HBV and IWRM Watershed Modelling User Guide 

www.eia.fi 
 

11 

the EIA distributed, gridded, physical river basin model including hydrology, nutrients 
and sediments. Special feature of the system was utilisation of GIS raster data. Special 
emphasis of the project was on the model validation (both hydrology and water quality) 
and usability of the tools for decision makers, authorities and research scientists. The 
developed system is the basis for the current IWRM model framework. 

In the Mekong the distributed model (VMOD) and the system tools (RiverLife) were 
applied and further developed in 2001 ï 2004 as part of the MRC WUP-FIN modelling 
project. The model was applied to 13 sub-basins of the Tonle sap. 

The distributed model was applied to Nam Songkhram in 2004 ï 2007 during the 
second phase of the WUP-FIN project. The model was used in combination of the 3D 
model for climate change scenario, Mekong impact and reservoir studies. 

The model was applied to the Lao Nam Ton area 2007 as a pilot study for the MRC 
and German GTZ land management project. The data is utilised in the IWRM regional 
training course for exercises. 

The 2009 ï 2010 MRC DMS project has integrated some of the DSF data 
(precipitation, reservoirs, irrigation) and functions (IQQM reservoirs) in the model 
system. The model has been applied to the whole Mekong Basin and used for the BDP 
scenario studies. The modelling system has proved to be quite useful especially for 
sediment impact studies (reservoir sediment trapping), but the model has given also 
good results for hydrological studies (China dams and year 2010 low flow). The IWRM 
model has been integrated under the DSF in 2010 in cooperation with the Halcrow 
Consultants. The DSF/IQQM and FAO56 crop model has been integrated in the model 
system. The model has been tentatively selected as a primary tool for Lao PDR line 
agency IWRM, land management and climate change adaptation work and will 
integrate economic evaluation of water resources and crops.  

Previously the hydrological and water quality part of the IWRM has been called VMOD. 
Because of the new functionalities and uses and to avoid confusion, it is considered 
better to use the IWRM for also the VMOD part of the system. 
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3 LUMPED HYDROLOGICAL MODELLING 

The lumbed hydrological HBV model concepts, methods and parameters are largely 
applicable for the IWRM modelling. Starting from more simple model helps focusing on 
the main model principles and getting prepared for the more advanced tools and 
methods. 

3.1 OVERVIEW OF LUMPED AND DISTRIBUTED MODELLING 

A lumped model is one in which the dependent variables of interest are a function of 
time alone. In general, this will mean solving a set of ordinary differential equations 
(ODEs).  

A distributed model is one in which all dependent variables are functions of time and 
one or more spatial variables. In this case, we will be solving partial differential 
equations (PDEs). 

A semi-distributed model describes watersheds as inter-connected sub-catchments. 
The current DSF SWAT applications are semi-distributed whereas the IWRM model 
applications and fully distributed based on a regular computational grid. 

A conceptual model is a descriptive model of a system based on qualitative 
assumptions about its elements, their interrelationships, and system boundaries. 

A physically based model is a numerical model based on physical equations 
describing the system under study. Contrast a numerical model to physical (scale) 
model. 

In many cases both lumped and distributed models are a mixture of conceptual and 
physically based components. The distributed models are in general more physically 
based because their structure corresponds more closely to the physical processes 
occurring in any watershed. For instance a rainfall-runoff process is a function of 
terrain that can be described with a distributed model but not with a lumped one. 

The advantages of lumped approach are: 

 fast application 

 automatic calibration of the model parameters 

 easy understanding of the watershed system as a whole 

 easy accounting of main water amounts and dynamics 

 often quite good or at least reasonable results compared to measured values 

 first order approximation of parameters for distributed modelling 

 fast checking of more complicated distributed model applications 

 good applicability for operational water resources and flood monitoring systems, 
also in national scale. 

When a watershed is represented with a lumped system no spatial description is 
included except lump parameters such as total area of the watershed. The 
disadvantages of a lumped and more conceptual approach are: 

 lumped model canôt describe heterogeneity of the watershed including land use, 
topography, precipitation, soil properties and different time scales in different 
parts of a watershed 
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 because the lumped model parameters describe actual physical watershed 
parameter values in average sense and the lumped process correspond to the 
watershed processes in a conceptual, averaged or statistical way, model ability 
to forecast changing conditions and future is limited 

 for the same reason lumped system may not be able to describe correctly 
extreme events 

 the possibilities for scenario modelling are limited; for instance the impact of 
land use change is impossible to take into account if land use is not explicitly 
included in the model 

 obviously the lumped model is less accurate for large catchments, but this can 
be circumvented if a watershed can be divided into smaller sub-catchments 

 because of absence of spatial resolution lumped model is more difficult or 
impossible to combined with GIS data. 
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3.2 NOOA EXPERIENCES OF LUMPED AND DISTRIBUTED MODELLING 

 

 

 

 

Figure 1. Relative research and application effort for distributed and lumped models 
(NOOA 2010). 

 

Figure 1 shows relative research and application efforts for distributed and lumped 
models. It can be seen that there is a lag between development and application and 
distributed modelling effort is clearly increasing after the end of the 1990ôies. It is also 
interesting to notice that number of distributed applications has not decreased 
significantly although the research effort has decreased dramatically since 1990. 
NOOA gives one reason for the success of the distributed models: most successful 
models in an operational use are models which have well developed parameterization 
tools. 
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Figure 2 shows comparison between lumped and distributed model results for a 
catchment. It can be observed, if the initial flood event is not considered, that the 
distributed model describes better the peaks and falling floods. However, the 
difference between the lumped and distributed models is not dramatic. 

 

 

Figure 2. Comparison between observations and distributed and lumped model results in 
the Baron Fork catchment at Eldon, USA (NOOA 2010). 

 

3.3 GENERAL PRINCIPLES OF THE LUMPED HBV MODEL 

The material in this chapter is based on the SMHI (Swedish Meteorological and 
Hydrological Institute) original documentation. 

The HBV model (Bergström, 1976, 1992) is a rainfall-runoff model, which includes 
conceptual numerical descriptions of hydrological processes at the catchment scale. 
The HBV model was originally developed by SMHI in the early 70´s to assist 
hydropower operations. The aim was to create a conceptual hydrological model with 
reasonable demands on computer facilities and calibration data. The HBV approach 
has proven flexible and robust in solving water resource problems and applications 
now span a broad range. The HBV-model is named after the abbreviation of 
Hydrologiska Byråns Vattenbalansavdelning (Hydrological Bureau Waterbalance-
section). This was the former section at SMHI, the Swedish Meteorological and 
Hydrological Institute, where the model was originally developed. 

Figure 3 shows the schematic structure of the HBV model. Each catchment area 
receives precipitation which can be divided into different areas and into snow and 
water fractions. The precipitation is routed through surface and deep storages to the 
catchment outlet. 

 



DMS-Project, Mekong River Commission 

MRCS/IKMP --- December 2010 16 

 

Figure 3. Schematic representation of the HBV model structure (SMHI). Each catchment 
area receives precipitation which can be divided into different areas and into snow and 
water fractions. The precipitation is routed through surface and deep storages (base flow) 
to the catchment outlet (SMHI). 

 

The general HBV water balance can be described as: 

 

P = precipitation  

E = evapotranspiration  

Q = runoff  

SP = snow pack  

SM = soil moisture  

UZ = upper groundwater zone  

LZ =lower groundwater zone  

lakes = lake volume 

dt = time step. 

The left side of the equation describes hydrological dynamic processes and right side 
change of the storages including snow, soil, groundwater and lake storages. 
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The time step is usually one day, but it is possible to use shorter time steps. The input 
information to the HBV model is: 

 Precipitation records (on daily or shorter timestep) 

 Air temperature records (if snow is present) 

 Evapotranspiration (can be also calculated from for instance minimum and 
maximum temperatures) 

 Runoff record (catchment outlet discharge) for calibration 

 Geographical information about the river catchment 

The model consists of subroutines for meteorological interpolation, snow accumulation 
and melt, evapotranspiration estimation, a soil moisture accounting procedure and 
routines for runoff generation. It is possible to run the model separately for several 
subbasins and then add the contributions from all subbasins. Calibration as well as 
forecasts can be made for each subbasin.  

The standard model uses a rather crude weighting routine and lapse rates for 
computation of areal precipitation and air temperatures. In HBV-96 a geostatistical 
method, based on optimal interpolation (e.g., Daley, 1991) was introduced (not 
available in the EIA implementation).  

The runoff generation routine is the response function which transforms excess water 
from the soil moisture zone to runoff. It also includes the effect of direct precipitation 
and evaporation on a part which represents lakes, rivers and other wet areas. The 
function consists of one upper, non-linear, and one lower, linear, reservoir. These are 
the origin of the quick (superficial channels) and slow (base-flow) runoff components 
of the hydrograph. Level pool routing is performed in lakes located at the outlet of a 
subbasin.  

Although the automatic calibration routine is not a part of the model itself, it is an 
essential component in the practical work. The standard criterion (Lindström, 1997) is 
a compromise between the traditional efficiency, R2 by Nash and Sutcliffe (1970) and 
the relative volume error, RD: 

 

In practice the optimisation of only R2 often results in a remaining volume error. The 
criterion above gives results with almost as high R2 values and practically no volume 
error. The best results are obtained with w close to 0.1. The automatic calibration 
method for the HBV model developed by Harlin (1991) used different criteria for 
different parameters. With the simplification to one single criterion, the search method 
could be made more efficient. The optimisation is made for one parameter at a time, 
while keeping the others constant. The one-dimensional search is based on a 
modification of the Brent parabolic interpolation (Press et al., 1992). 
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Figure 4. The dots represents either HBV operational forecasting applications, consulting 
studies or scientific tests. 

 

In different model versions HBV has been applied in more than 40 countries all over 
the world (Figure 4). It has been applied to countries with such different climatic 
conditions as for example Sweden, Zimbabwe, India and Colombia. The model has 
been applied for scales ranging from lysimeter plots (Lindström and Rodhe, 1992) to 
the entire Baltic Sea drainage basin (Bergström and Carlson, 1994; Graham, 1999). 
The model is used for flood forecasting in the Nordic countries, and many other 
purposes, such as spillway design floods simulation (Bergström et al., 1992), water 
resources evaluation (for example Jutman, 1992, Brandt et al., 1994), nutrient load 
estimates (Arheimer, 1998). HBV has been used for the following applications: 

 flood warnings - streamflow and volume forecasting for appraisal of flood risks, 
and development of flood risk maps 

 hydropower - short term inflow forecasts for operational hydropower planning 
at dispatch centers and volume forecasts of up to a year for seasonal reservoir 
planning 

 pre-feasibility studies  - quality control of water stage and discharge records, 
extension of historical records and ground water simulations 

 irrigation - determination of evapotranspiration and forecasting inflow to 
reservoirs and storage pounds to aid regulation of irrigation schemes 

 dam safety - design flood computations including reservoir management 
strategies 

 climate change - studies of the effect of changing climate conditions on run-off 
patterns, soil moisture, ground water change and evapotranspiration 

In Scandinavia the HBV-system is the standard operational run-off forecasting tool in 
nearly 200 basins. The HBV model is the standard forecasting tool in Sweden, where 
some 45 catchments are calibrated for the national warning services, mainly in small 
and unregulated rivers. Forecasting for hydropower companies are made in an 
additional 60 catchments. Hydrological forecasts can be divided into: 

1. short range forecasts - For small catchments and local inflows, forecasts can 
be issued for timesteps down to one hour a number of days ahead, depending 
on requirements and the resolution of the meteorological forecasts. 
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2. medium range inflow forecasts - Most commonly used application with time 
steps from 12 to 24 hours for a period up to ten days. The system allows the 
operator to check, approve or update the forecasts depending on how critical 
the inflow situation really is. 

3. seasonal inflow volume forecasts - Based on the HBV model, the technique 
uses historical statistics to calculate forecasts of up to a year for seasonal 
reservoir planning or appraisal of flood risks. The service improves profitability, 
but also allows provision of reliable information to the public. In case of high 
discharge, this is an important factor for good relations with the community. 

3.4 EIA HBV MODEL 

The EIA HBV model is a modified version of original SMHI HBV model. The EIA 
application includes a simple graphical user interface that uses the same data formats 
and system software as all other EIA models.  

Figure 5 shows the schematic structure of the EIA HBV model. The model uses four 
storages: surface, middle, groundwater and river/lake ones. Surface water can infiltrate 
to the middle storage and middle storage water can be passed through a porous soil or 
small holes (perlocation) to the groundwater storage. The middle and groundwater 
storages discharge to a river/lake storage and catchment outflow is finally obtained 
from the river/lake storage.  
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Figure 5. EIA HBV model schematic structure. 

 

The model input data are: 

 PREC = precipitation, mm/d 

 TAVG = average daily air temperature at 2m height, C 

 TMIN = min daily air temperature at 2m height, C 

 TMAX = max daily air temperature at 2m height, C 

 TLR  = temperature lapse rate, K/m 

 SWIN = incoming shortwave radiation, MJ/m2/d 

 CLOUD= cloudiness, 0-1 

 RHUM = relative humidity, 0-1 
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 WIND = wind speed, m/s 

 ATMP = atmospheric pressure at sea level, mb 

 EPAN = pan evaporation, mm/d 

The actual data required depends on the evaporation method selected (see below). 

 

The model parameters are: 

 Petmethod ï potential evapotranspiration computation method 

o Off ï pet is given directly in a time series file 

o PrTa ï Priestly Taylor method, required TAVG, KIN and CLOUD 

o Epan ï pan evaporation, requires EPAN 

o Tminmax ï requires TMIN and TMAX 

o Penman ï requires KIN, TAVG, WSPEED, RHUM, CLOUD 

 Latitude ï latitude in degrees for radiation computation 

 Petcoor- multiply potential evapotranspiration by this value, usually 1 

 Albedo ï land surface albedo for incoming radiation computation 

 Z0 ï roughness coefficient, m, for penman PET computation 

 Zd ï roughness displacement height, m, for penman PET computation  

 Zm ï wind speed measurement height, m, for penman PET computation 

 Rainmult ï multiply precipitation values by this number 

 Intcpmult ï fraction of the precipitation that fills interception storage (water 
caught by vegetation), 0 = no interception 

 Intcpmax ï interception storage maximum value, mm 

 Psurfmax ï surface storage max value 

 Pinfexp ï infiltration exponent 

 Pkpercï percolation rate coefficient for emptying mid storage to ground water 
storage 

 Pkmid1 ï mid storage emptying coefficient 

 Pkmid0 ï storage limit value for additional mid storage emptying coefficient 
(saturation point or increased emptying when storage fills up) 

 Plmid0 ï additional mid storage emptying coefficient 

 Pkground ï ground water storage emptying coefficient 

 Pkriver ï river water storage emptying coefficient 

 Pcmid ï mid storage concentration coefficient 

 Pcground ï ground water concentration coefficient. 

 

Using these parameters the processes in the Figure 5 can be expressed as: 

 Infiltration = yield (Ssurf/Ssurfmax)
infexp

 

 Percolation = Pkperc * Smid 

 qmid = (Pkmid1 + Pkmid0) * Smid 
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 qgw = Pkground * Sground 

 qriver = Pkriver * Sriver 

 etr = PET * Ssurf / Ssurfmax  

 yield = precipitation ï interception 

 d(Ssurf)/dt= yield ï etr ï Infiltration (Surface storage change per time unit = 
precipitation yield ï evapotranspiration ï infiltration to the middle storage) 

 d(smid )/dt = Infiltration ï qmid ï Percolation 

 d(sground )/dt = Percolation ï qgw 

 d(sriver)/dt = qmid + qgw - qriver 

3.5 EIA HBV MODEL APPLICATION STEPS 

3.5.1 Install modelling software 

The VIVSetup.exe modelling software package needs to be installed for the user 
interface, analysis tools and the HBV model. 

If the MRC ToolBox DTT (Data Transfer Tool) is utilised for preparing the model input 
(and output) data, then DTT needs to be installed. 

3.5.2 Prepare input data into the HBV model format 

HBV model as well as the IWRM and 3D models use txd ASCII file format. The txd-
format is presented in Chapter  5.2.3. Starting from any ASCII format, the txd-files can 
be prepared by three different ways: 

1. edit and format data with a text editor 

2. use 3D model user interface to import data 

3. use the DSF DTT (Data Transfer Tool); the preferred method 

4. use the TXD time series tool by Tess Sopharith. 

The first method is error prone and is not recommended. The second method is 
presented here in case the DTT is not available. The third method is preferred as it 
utilises standard data management tools and procedures, facilitates linking of different 
models and utilises the MRC ToolBox Knowledge Base. The third method is also 
easies once data is in the Knowledge Base. The last method is easy and practical and 
has been proven quite popular in practical work. 

 

3.5.3 Data preparation using the 3D model user interface 

 

1. Select EIAModels on the Windows desktop or Start/Programs menu 

 

 

or 
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2. Select Models/ 3D in the EIA dialog window and press OK-button 

 

 

 

2. Select Source data/ Application setupé 
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3. Give the path of the Data directory where the HBV application data is, e.g. c:\temp\, 
press OK-button 

 

 

 

4. Select Source data/ Timeseries data filesé 
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5. Select Import data from the dialog window 

 

 

6. Check New file; give files to read from and write to (path must be included!), how 
many header lines there are in the input file, input file time format (e.g. DD/MM/YYYY); 
define station information - station location/name, lat-long or UTM coordinates and 
station elevation if available. 
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7. Push Variable information-button and edit/add variables. For each variable give 
name, unit and variable number in the input file. 

 

 

 

 

7. File is created and can be edited with Edit data- and Edit header-buttons. 
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8. Edit  the output file with a text editor and delete unnecessary lines in the header, for 
instance in the example below lines dbname, lat, lon and zpos should be deleted. 

 

 

 

3.5.4 Data preparation with the DTT (Toolbox Data Transfer Tool) using the ToolBox 
Knowledge Base data 

1. Start the DTT tool 

 

 



DMS-Project, Mekong River Commission 

MRCS/IKMP --- December 2010 28 

2. Select source application, normally KB (ToolBox Knowledge Base) 

 

 

3. Select source scenario, start and end dates and destination application (this must be 
DMS!) 
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4. Select destination folder, this should be the same where you run the HBV-model. 
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5. Press Next-button and select points and variables, for instance precipitation 

 

 

6. Press Add to Destination-button 

 

 

7. Add Sitename and Frequency by pushing é-button in the Sitename column 
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8. Add Easting, Northing and Elevation if they are missing by double clicking the 
corresponding column and typing in information 

 

 

9. Press the Run-button to create the file, the filename is the output parameter + 
sitename 

 

 

 

 

 

3.5.5 Create model application 

Select EIAModels on the Windows desktop or Start/Programs menu 

 

 

or 
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2. Select Watershed conceptual HBV in the EIA dialog window and press OK-button 

 

 

3. Save the file in the HBV application directory.  
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3. In Parameters/ Files menu provide Name of the application area, area in km
2
 and 

out, initial, end and cmp files. The out and cmp files are in txd-format. The cmp file is 
the observed discharge of the catchment outlet. 
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4. Give weather files for the model in Parameters/ Weather files. Use Add-button to 
add one or more files. 

 

 

 

5. Model is ready to be run in Model/ Run menu. The computational time should 
correspond to the weather file information. 
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6. Additional parameters can be defined through the Parameters menu. For instance a 
lake can be defined in the menu. 

 

3.5.6 EIA HBV model calibration 

Model parameter optimization methods can be used to find optimal values for the 
parameters. An optimization method is able to automatically go through a set of 
parameter values and find the best possible fit to measured data with a given criteria. 

An optimisation algorithm is also included into the HBV model interface. To select 
optimization variables select Parameters/ Variables available for optimization. Not too 
many variables should be selected because finding a global optimal set of parameter 
values becomes more difficult and uncertain more there are variables. 

 

 

To start the parameter optimisation, select Model/Optimize from the menu. The 
maximum and minimum allowed values can be specified for each parameter. The 
ranges can be set also automatically (Small ranges or Full ranges buttons). The 
maximal number of iterations can be also specified. 
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The optimized model run can be compared to the measured values by selecting 
Results/ Comparison. The Results report window provides r2 of the fit (see previous 
chapter) and average computed and measured discharge. 
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3.6 APPLICATION OF THE EIA HBV MODEL TO THE THEUN HINBOUN WATERSEHD IN THE LAO 

PDR 

 

 

 

 

 

 

Figure 6. Location of the Theun Hinboun hydropower development area (ADB). 

 

 

Hands-on-exercise: Given data in csv-format, prepare HBV model 
input data. The files are Weather_Laksao.csv (weather data) and 
THPP.csv for catchment outflow (reservoir inflow). 

 

 

Hands-on-exercise: Given data and instructions in previous 
chapters, apply the EIA HBV model to the Theun Hinboun catchment 
(area 8920 km

2
) including model calibration. Identify peak catchment 

flows for the data given. Objective of the modeling is to plan storage 
capacity for accommodating maximum discharge situations. 
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Hands-on-exercise: After obtaining discharges, calculate weekly, 
monthly and flood season average discharges using the 
ModelingToolbox DMS time series analysis tool. Hint: locate HBV 
model txd-output file, double click it, select time series layer, use 
Compute/One timeseries/Grouping statistics ï analysis tool. 
Koponen) 
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4 DISTRIBUTED HYDROLOGICAL MODELLING 

The IWRM model is a distributed physically based/conceptual hydrological model 
based on grid representation of the modelled catchment. Hydrological processes in the 
catchment are simulated using simplified physically based formulations. The 
catchment is described in the model as a group of grid cells and water balance, runoff 
and leaching of nutrients are calculated separately for each grid cell. From the grid 
cells, runoff is collected to the catchmentôs outflow point with a river net model, where 
calculation of lakes is included as well. The model can be used, for example, to inspect 
the effect of land-use changes to catchment hydrology. The model includes also a 
nutrient leaching and transport module that enables, for example, simulation of the 
effect of land-use changes to water quality.  

The model is based on rectangular grid (Figure 7), where each grid cell is individually 
computed and has an own set of parameters such as ground slope and aspect, 
vegetation type and soil type. These grid values are obtained from digital elevation 
model, land use data and soil type data. In each of the grid cells simulated hydrological 
process, include precipitation, snow hydrology, infiltration, evapotranspiration, 
seasonal vegetation development, soil water content, groundwater height, and flow 
into streams. Groundwater flow and stream flow are computed between grid cells. 
Typical grid cell sizes range from 0.01 to 1 km

2
. Computation time resolution depends 

on input data resolution, for daily data 3 to 6 hour time step have been used. An 
application can include any number of grid cells. However, computational time 
increases with increasing number of grid cells. 

a)      b) 

  

Figure 7. Visualisation of a IWRM model grid, displaying a) land elevation with colours 
and stream flow network and b) surface flow routing directions. 

Typical model setup requires digital elevation model and land use data from the target 
catchment. Running and calibration of the model requires meteorological and 
hydrological time series, e.g. precipitation, daily average temperature, and river flow. 
The model requires calibration since usually some of the model parameters are not 
known from measurements and must be determined by calibration. 

In grid cells containing ground the calculation is divided vertically from top down to 
vegetation layer, ground surface layer and two soil layers. In permanent lake areas 
there is only one water layer in use. In the calculation, following processes are taken 
into account (see also Figure 8): 

 Interpolation and correction of meteorological data 

- Temperature 

 

Model grid - 3d view

View from Vortsjarvi river watershed (in Estonia)
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- Precipitation 

 Interception of precipitation in vegetation 

 Infiltration of water in the soil 

 Water accumulation in pond storage and surface runoff 

 Evaporation 

- From interception storage 

- From ground surface 

- Through vegetation from soil 

 Plant growth 

- Seasonal crop growth based on temperature sum 

- Perennial plants leaf area index change based on temperature sum 

 Crop water demand 

- FAO56 method of calculating evapotranspiration for different crops 

- rice paddy water ponding, return flows and farm losses included 

- sub-division of basic grid cells into crop areas with full calculation of 
hydrology for each crop area 

 Water movements 

- Between soil layers 

- From grid cell to another 

- From grid cell to river or lake 

 In winter conditions 

- Accumulation and melting of snow 

- Effect of soil freezing on soil properties 

- Glacier melting. 



HBV and IWRM Watershed Modelling User Guide 

www.eia.fi 
 

41 

Flow from 

grid boxes

above

overflow

interflow

kerros 2

kerros 1

Pintakerros

Evapotranspiration

ground water flow

Flow to river

Soil layer 2

Soil Layer 1

Surface layer

Wilting point

Field capacity

Maximum capacity

Precipitation

Flow from 

grid boxes

above

overflow

interflow

kerros 2

kerros 1

Pintakerros

Evapotranspiration

ground water flow

Flow to river

Soil layer 2

Soil Layer 1

Surface layer

Wilting point

Field capacity

Maximum capacity

Precipitation

 

Figure 8.  Components of grid cell water balance. 

For each day, the model first interpolates daily meteorological data to each grid cell 
using height correction when required. In the surface model, interception is first 
estimated using a simple storage model and vegetation leaf area index. If needed, 
snow model is then applied. Infiltration is computed using Green-Ampt model, possible 
overflow is accumulated into pond storage and surface runoff. Evaporation is 
estimated using interpolated potential evaporation, pond and interception storages, soil 
moisture, and vegetation data in the grid cell.  

In the model, the soil has been divided into two layers and the layer depths can be 
defined freely. The water storage of both layers is divided into two differently behaving 
parts in field capacity water content. In flow through soil the flow amount is influenced 
by horizontal conductivity of the soil, ground water height and grid cell slope. The water 
leaving from each grid cell can continue on to a river in the grid cell or to a lower grid 
cell determined by the flow net. In surface runoff the amount of water leaving from the 
grid cell to the next grid cell or to a river depends on ground surface flow resistance 
and ground slope. 

The river model uses river network that is calculated from model grid elevations and 
digitized river network. An example of a river grid is shown below in Figure 9.  All the 
river nodes in a watershed are connected to a single outflow point at watershed area 
border. 



DMS-Project, Mekong River Commission 

MRCS/IKMP --- December 2010 42 

  

Figure 9. Part of a river network, digitized river and watershed boundaries shown in blue 
and red, and computed flow network with black arrows. 

The river flow computation is based on kinematic wave approximation of the St. 
Venant equations (flow speed depends only from slope and flow depth) with trapezoid 
river cross sections. The river model is solved numerically from upstream cells to 
downstream direction, so downstream surface height does not affect the upstream 
flows. This method enables usage of a reasonably large time step and therefore 
shortens computation times. 

Lakes are handled separately. Any set of neighbouring grid cells can be set to be a 
lake. Each lake is a storage that keeps account of the water level as a difference from 
the reference water level. Water level changes are linearly related to volume changes, 
which are computed from inflow, outflow and lake evaporation. Outflow from the lake is 
computed as a function of the water height using river section equations or a given 
surface height/flow amount curve. Evaporation from lakes happens at potential rate. 

4.1.1 Water quality and erosion computation 

IWRM has been configured to compute following water quality variables:  

 suspended sediment (SSED) divided into clay, silt and sand 

 total phosphorous (PTOT) 

 total nitrogen (NTOT) 

 dissolved inorganic phosphorous (DIN) 

 dissolved inorganic nitrogen (DIN) 

IWRM model has been also used to simulate algal growth (eutrophication). 

Several different methods can be used for water quality computations. These are listed 
below from simplest to more complex methods: 

 Flow-dependent concentration, where the concentration of a water quality 
variable in output depends on the outflow value. The concentration may have 
linear or non-linear dependency on the outflow amount. Calibration to water 
quality measurements or pre-calibrated parameters is required. 

 A method where ground water and overflow may have different and flow-
dependent concentrations. Calibration to water quality measurements or pre-
calibrated parameters is required. 
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 Erosion modelling is provided for suspended sediments and nutrients. Soil type 
erosion parameters are required from literature or calibration. Water quality 
measurements are helpful in model verification. 

The above methods deal with nutrient leaching from the soil. The nutrient transport in 
rivers is computed with mass conservative advection equation. Lakes are handled as 
pools, where all incoming nutrients immediately mix to whole lake volume. 
Sedimentation in rivers depends on flow speed in each river segment. Sedimentation 
in lakes occurs in given lake sedimentation rate.  

The IWRM erosion model calculates the amount of soil material detached from the soil 
by surface runoff. The soil material is assumed to be detached in two ways: by the 
motion energy of rain drops and by surface runoff as rill flow. Usually the flow cannot 
transport all the detaching material, and some of the sediment is deposited on the 
bottom of the rill. The erosion model is calculated for every grid cell in the case that 
surface runoff occurs. 

4.1.2 Input and output data 

The IWRM model setup requires a lot of geographical data; at least an elevation model 
is required to set up the model grid. Land use data is needed as well - often sufficient 
land use information can be obtained from normal maps, but satellite image based 
information is often the best alternative. If detailed soil information is not available, 
values based on land use types and typical soil parameters from literature can be used. 
Long time series of meteorological and hydrodynamic data are required - the longer 
the time series used for modelling are, the more reliable the results usually are. As a 
result, hydrological variables at any point in the watershed during the computation 
period are obtained. Reliability of the results depends on quality of the input data, 
success of the calibration, and suitability of the modelling approach to the modelled 
catchment. Below is a summary of the input data required and output data produced 
by the IWRM model: 

Input data 

 digital elevation model of the catchment (e.g. 50m resolution) 

 land use data for the catchment 

 soil type data for the catchment (new version of IWRM only) 

 catchment boundary line 

 shorelines of lakes in the catchment 

 optionally digitized river network of the catchment 

 precipitation (mm/d), at least one station 

 average temperature, (°C), if snow calculation is used 

 potential evaporation computed from one of the following 

- pan evaporation (mm/d)  

- min and max temperature (°C),  

- average temperature (°C), cloudiness (%)  

- average temperature (°C), short wave radiation (MJ/d), wind speed 
(m/s), relative humidity (%)  

 average outflow (m
3
/s), at least one station for calibration of the model 

 water quality measurements, for calibration of the water quality model 

Computed result (daily values) 
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 average daily river flow (m
3
/s) at any point within the catchment 

 other model variables at any point within the catchment, for example, 
evaporation (mm/d), corrected precipitation (mm), lake surface height (m), and 
ground water height (m) 

4.1.3 Model user interface 

With the model user interface (Figure 10) one can set model parameters, drive the 
model and look at the model results. The basis of the model interface is a map window, 
which shows the model grid and related information for the chosen model case. Land 
use, soil type, elevation model and flow net can be chosen to be shown on the map. 
The user guide for the IWRM model and user interface can be found in chapter 3. 
Additionally, any kind of GIS information can be added to IWRM in raster or vector 
format. For the more advanced modification and analysis of the GIS data and for 
building model grids, RLGis application can be used (user guide in chapter 2).  

 

Figure 10. Model user interface. Model window, where land use and flow layers and time 
series and weather points can be seen. 

Modelôs land use and soil types and parameters associated with them are in a central 
position in the use of the model. For placing and modifying the parameters there are 
similar dialogs for both parameter groups. Below (Figure 11 and Figure 12) are the 
dialogs associated with land use types. 
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Figure 11. Dialog for land use types, where a list of the land use types in use can be 
seen. 

 

Figure 12. Setting of land use parameters, on the left parameter classes, on the table in 
columns land use types and on the rows individual parameter values. 

The model results are provided as time series and 2D-animations. For the processing 
of time series, there is a separate time series window, where time series can be drawn 
and analysed. Typical tasks that can be performed in the time series window are for 
example the comparison of two time series visually or with different goodness of fit 
tests and the calculation of monthly and yearly averages. In the Figure 13 below, a 
flow comparison in two time series windows is shown.  
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Figure 13. Comparison of measured and calculated time series. 
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5 BASICS FOR USING THE IWRM MODEL 

5.1 SOFTWARE INSTALLATION 

Prior to use of the IWRM hydrological model software the software has be installed to 
the computer. Follow the steps provided below in order to fulfil the setup procedure. 

1. Double click the VivSetup.exe or VivSetupFull.exe file  

 

 

2. Press Next >> in the Welcome to setup window 

3. Software License Agreement: Read carefully the ñMaster end-user license 
agreementò prior to accept the agreement by pressing Yes 

 

4. User information: Write your name and company/organisation/university you 
are based in to the User information window. Accept the user information by 
pressing Next >> 

5. Select components: Select the programme components you want to install. 
You have to select at least the following components to be able to run the 
IWRM model: 

a. Viv base system 

b. IWRM 

Also the RLGis component is advised to be installed. RLGis is GIS programme 
supporting the files used in the IWRM model and needed for data preparation 
of some of the model input data.  

 

You have to be signed to the computer as an Administrator or user 
with administratorôs rights to be able to install the software properly.   

 



DMS-Project, Mekong River Commission 

MRCS/IKMP --- December 2010 48 

The Flow & Water quality models component can be left out if you donôt need 
to use the EIA 3D hydrodynamic model. This can be also installed later if 
needed.  

When you have selected the components you want to install, press Next >>  to 
continue. 

 

6. Choose destination location: Select the location you want to install the 
model software. The suggested directory [C:\EIAModels\VIV] is recommended 
to be selected as it is also used in this manual as the reference directory. Thus, 
by selecting this directory it would be easier to follow the manual as well. Also, 
some parts of the model and data processing donôt support spaces in the file 
names and thus, it is not recommended to install the programme for example 
under the ñprogramme filesò.  

If you wish to change the directory, press Browse and select the folder and 
location you want to install the software to.  

Press Next >> to continue.  

7. Start installation: You can check once more the target directory and user 
information to be sure that everything is ok before starting the installation. 
Press Next >> to start the installation.  

You can follow the installation process from the Installation process window.  
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8. If the following window appears, the EIAviv has been successfully installed to 
your computer. Press Finish to exit the installation.  

 

 

 

 

If the model software setup is not working or there comes an error 
message the reason can be following: 

 Some of the Viv-software components are running.  
Ą check this by going to Task manager and there processes. 
If you see a process of Viv, end that process and try to install 
the software again 

 You havenôt had the administrator rights when installed the 
software  
Ą sign in to the computer as administrator 

 You donôt have enough space in your hard disc 
Ą release space in your hard disc and try to install again 
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5.2 FILE SYSTEM 

The IWRM model system consist two groups of files: 

 model system files  

 model application files  

5.2.1 Model system files 

The model system files are installed during the model software installation (Section 5.1) 
and are typically located under C:\EIAModels\VIVH folder. The model system files 
contain the models and user interface programs. 

 

 

5.2.2 Model application files 

The model application files define the actual model application grids and contain also 
model related data. These files are installed in C:\EIAModels directory under each 
model application sub-directory. Illustration below shows the model application 
directory structure. 

C:\EIAModels 

 

In many Setups two folders (VIV and VIVH) will be installed. 

The VIV folder contains the programs for the EIA 3D model and the 
VIVH programs for the IWRM model. Make sure you have the right 
folder selected when you use the model, otherwise it will not open 
properly. The folder used can be changed with VivDirSetup.exe which 
is provided in VinSetup.exe. 

 

 

 

 

Donôt make any changes to the files in VIV-folder nor move these files 
or the software may not work properly anymore.   
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 VIV ï model system files 

Example_model ï model application files 

hyddata ï time series data files 

  IWRMexamp.vmp ï flow model parameters 

 

 

Models can be started by opening a preferred model directory under the application 
directory, and double clicking a model parameter file. For example, to start the 
example_model open the C:\EIAModels\example_model directory and double click 
"example_model.vmp" file (this is a flow model parameter file). 

File types listed below are found in the model application directories. Double clicking 
files marked with underlined bold type in windows explorer will start associated model 
user interface with the selected file. 

IWRM model directory 

 *.vmp ï IWRM model parameters 

Data file types (for example in hyddata-subdirectory) 

 *.txd ï timeseries data files (see txd format below) 

 *.ipd ï RLGis geographic data 

5.2.3 TXD file format 

TXD file format a text file format for storing structured table data. The file contains 
contain two parts, the file header and the file data. The file header contains any 
number of file identification information and a data definition. The data part contains 
any number of data rows divided into data fields as defined the file header. 

txd2  

identification line  

identification line  

 

Make sure that the model grid *vmd is in the same folder than the 
model application file (*.vmp ï file). In case it is in different folder, its 
path has to be defined properly in Source data ï Application setup 
part of the menu.  
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é 

field definition  

field definition  

é 

data  

data line  

data line  

The file should always start with a row containing the text "txd2". After this line come 
the file identification lines, where each line consists of an item identifier and an item 
value. The item identifier must be a string starting with a letter and containing no 
spaces or tabs. The item value can be a number or a string. For example, 

location "Koijärvi 2"  

ypos 65.236  

xpos 22.183  

Additional identifiers, such as data source, missing value identifier and coordsys 
explanation can be added to further identify the data.  

A field definition is composed of a field type, field name and field length/format. 
Following field types are available.  

str - string 
bool - integer 0-1 
byte - integer 0-255 
int - integer 32-bit  
real - real number 
time - time, e.g. date and clock values together 
date - date value 

Time type fields have a format definition instead of length definition. The format 
definition is a string in double quotes (ñò) containing letters D,M,Y,h,m,s, meaning  date, 
month, year, hour, minute and seconds, for example ñYYYYMMDDhhmmssò.  

time date ñYYYYMMDD hhmmò 

After the field definitions there is a line containing the word ñdataò, and after this the 
data lines. Data values must be always separated by at least one space character, the 
field lengths do not include this space character. Below is an example of a complete 
txd file. String fields in the middle of the row may not contain spaces within the string, 
for the last field of the row this restriction does not apply. 

txd2  

location "Koijärvi 2"  

xpos 22.183  

ypos 65.236  

missing - 9999  

time date ñYYYYMMDD hhmmò 

int wdir_degr 3  

real wspeed_m/s 5  

DATA 

19990101 1200 234 5.0  

19990102 1200  34 3  

19990 103 1200  45 35.0  

19990104 1200  43 45.0  

Summary of standard file ids: 

location ï  data location name  
statid ï  station identifier (usually 4 characters long string is used) 
xpos ï  measurement point x ï coordinate, can be UTM or longitude  
ypos ï  measurement point y ï coordinate, can be UTM or latitude 
coordsys ï  optional, defines the coordinate system for xpos and ypos 

variables.  
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dbname ï  optional, defines measurement data file in measurement point file. 
pidfile ï  defines measurement point file in measurement data file 
missing ï  identifies missing data value used in file 

Summary of standard field names: 

date ï  contains time value of measurement 
depth ï  contains measurement depth in meters 
variable ï  contains variable code if several variables are in same file 
value ï  contains variable values, used together with "variable" field 
pid -   contains a unique identifier for the location, usually a 4 character 

long string is used (e.g. BAT1, KCH3) 
xpos ï  in measurement point file, contains point x-coordinate 
ypos ï  in measurement point file, contains point y-coordinate 
name ï  in measurement point file, contains location name  

Summary of some of the standard codenames and units for variables: 

PREC  precipitation  
QRIVER  measured flow  
HRIVER  water level 
EPAN  pan evaporation 
TAVG  daily average air temperature 
TMIN   daily minimum air temperature 
TMAX  daily maximum air temperature 
SWIN  incoming shortwave radiation, MJ/m2/d 
CLOUD  fraction of the sky covered by clouds, 0-1 
RHUM  relative humidity, 0-1 
WIND  wind speed, m/s 

5.3 STARTING THE IWRM MODEL SOFTWARE 

To start the IWRM program, select IWRMstart.ip from the start menu or desktop. The 
main window of the IWRM model user interface can be seen below 

There are two options to start the IWRM model application: 

 From the EIAModels shortcut icon on the desktop 

 By open the model application and at the same time the model software by 
open the *.vmp file under the C:\EIAModels\[model_application_name] 
directory  

5.3.1 Starting the software from EIAModels desktop shortcut icon 

1. double click the EIAModels shortcut icon on your desktop 
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2. Select the Watershed IWRM model and press OK 

3. The IWRM2-window opens with the main menu, tool-bar and noname.vmp 
model window 

 

If the EIAModels shortcut icon doesnôt exist in your desktop there are 
two options: 

 Your installation hasnôt been completed successfully 
Ą re-install EIA model software to your computer 

 Someone has removed the shortcut icon from your desktop 
Ą go to folder C:\EIAModels\VIV  
Ą click right mouse button the file named EIAModels.ip 
Ą select Create shortcut and the shortcut is created to the 
folder you are in 
Ą copy/cut/drag the shortcut into your desktop 
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5.3.2 Starting the software from vmp-file 

1. go to the directory of the model application you want to open (e.g. 
C:\EIAModels\IWRMEXAMP) 

2. double click the model application you want to open (e.g. river1.vmp) 

3. The model software opens with the model application you wanted to open 
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5.4 IWRM USER INTERFACE 

The IWRM model user interface main window is shown below. The window contains a 
menu, a toolbar and a work area. The menu is used to select actions to be performed. 
The toolbar contains, for example, tools for moving around in the model grid area. The 
work area may contain different type of windows, for example model window, time 
series windows and data table windows (Figure 14). 

 

Figure 14.  IWRM hydrological Model graphical user interface.  

5.4.1 Main menu 

The menu structure of the model reflects model usage, which is divided into six main 
menu item:  

1. File handling and model grid importing, File menu 

2. View control options, View menu 

 

If the EIAModels doesnôt open as shown above, there are few options 
to check: 

 Your installation of the model software hasnôt been completed 
successfully 
Ą re-install EIA model software to your computer 

 During your installation you havenôt been logged in as an 
administrator and part of the software registration hasnôt been 
finished and thus, the software doesnôt work properly.  
Ą log-on to the computer as Administrator and install the 
model software again 

 You have the wrong program directory selected. With 
VivDirSetup.exe select the correct folder, the default folder is 
C:/EIAMODELS/VIV 

 

Model window 

Tools menu bar 

Main menu 

Data table 
window 

Time series 
window 

Report window 

Layer window 
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3. Input data definition an setting model parameters, Data menu 

4. Model computation and parameter optimisation, Model menu 

5. Examination of results, Results menu 

6. Window control, Window menu 

 

 

Each main menu item is divided into main functional classes listed below: 

1. Application handling, File menu 

a. Application file handling ï opening and saving applications 

b. Editing files and selecting editor to be used 

c. Exit application. 

2. View control options, View menu 

a. Set map marker size for items (e.g. reservoirs, irrigation areas, time 
series points) 

b. Set application coordinate system 

c. Open report and command windows. 

3. Data definitions, Data menu 

a. Define grid file, land use change, precipitation area files 

b. Define output files and locations 

c. Define system files (model and processing files) 

d. Start and end states 

e. Weather data files, weather interpolation and correction 

f. Definition of evaporation method 

g. Soil, land use, crop, crop pattern classes and types 

h. Water quality variables 

i. Model parameters 

j. Control definitions including hydropower reservoirs, irrigation, water 
transfers, groundwater pumping, river discharges 

k. Timeseries and field drawing management 

l. Statistics output definitions. 

4. Model computation and optimisation, Model menu 

a. Computational parameters 

b. Model computation 

c. Model optimisation. 

5. Examination of results, Results menu 

a. Flow comparison with measured values 

b. Timeseries results 
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c. Animation results 

d. Statistics results 

e. Running of macros for automated output processing and reporting. 

6. Window control, Window menu 

a. Window management 

 

 

 

 

 

5.4.2 Tools menu bar  

The tools menu bar shows several tools related to picture handling and data item 
management.  

 

 

The main menu bar and tools menu bar change according to the 
active window.  
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These tools are available when the model main window is active. The tools are 
described below: 

Tool Function 

 
Zoom. Magnify or zoom into the picture. Click the button and then 
drag a rectangle with mouse to the window. 

 
Zoom back. Maximum view or Zoom out. Click this button to return to 
the no zoom state. No effect if no already in maximum view. 

 
Move view. Click this button and drag the view in the desired 
direction. 

 
Copy as metafile. Copy the picture to clipboard as a picture 
(Windows metafile). Can be used to transfer pictures to text 
processing and drawing programs. 

 

Copy as bitmap. Functions often better than the metafile copy option. 

 
Layer data info. Gives information on the data of the selected layer to 
the command window. 

 
Modify layer data.  Change the values of the layer data in the 
selected area. 

 
Cancel layer modification in the selected area. 

 
Add data item. Click the button and press with the left mouse button 
the location you want to add a data item. Select the type of data item. 

 
Remove data item. Click the button and select the data item to be 
removed with the right mouse button. Does not work yet. 

 

 

To release the selected tool click it. You can see the selected tool as 
pressed down. E.g. zooming tool is selected in illustration below:  

 

You can also click right mouse button when the mouse cursor is over 
the map and the zoom is released: 
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5.4.3 Model window 

The model window shows the computational model grid, where usually water is 
displayed with blue and land with different colours. The colours depend on whether soil, 
land use or DEM is selected to be displayed.  

 

The grid is decorated with symbols representing different model input and output data 
items, for example: 

   

Time series site (output) 

 

Weather (input) 

   

Water quality load (input) 

 

River discharg point ï add, subtract or set (input) 

 

Irrigation, water transfer and water diversion 
(input) 

 

Groundwater pumping (input) 

 

(Hydropower) reservoir (input) 
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5.4.4 Layer window 

The IWRM layer window is in the left hand side of the IWRM main window. It displays 
the layers and controls in the model, their order and activity. The layers can be either 
the model inputs or outputs. 

 

Different layers can be activated by clicking the square next to them at the left window 
with the left mouse button. The layer is active if there is a circle in the middle of the 
square. 

The layers are shown in the window in the order they will be drawn (upper layer will be 
drawn on top of the lower layer). 

The layers can be managed by clicking the right mouse button on top of the layer and 
choosing from different options. 

1. To view and modify the layer properties choose Propertiesé The properties 
window is different for different layers. In the properties window for grid data 
layers one can change the name of the layer and modify palette colours. 
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2. To remove the layer choose Remove 

3. To move the layers up or down in the window and in the order they are drawn 
select MoveUp or MoveDown 

4. To draw a histogram from the layer data choose Histogram. Select use palette 
data by ticking the box next to it and if you like select % (otherwise will be 
number of grid cells). Press Compute and the histogram in table showing the 
percentage or number of cells in each class will appear in a separate window. 

 

 

5.4.5 Command window 

Command window informs the possible errors within the model use. User can also give 
commands to the programme if needed. Most of the commands, however, will be given 
through the GUI and Command window provides mostly information from the 
programme to the user.  

You can open the Command window from View ï Show Cmd window 
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5.4.6 Data table window 

The model input data, as discharge measurements, water level, etc, can be accessed 
and/or edited and analysed through the data table window: 

 

The table itself shows the date of the data and data itself. As can be seen the Menu 
bar and toolbar have changed from the one which is available when model window is 
open.  

 

1. The information data table window can be plotted as picture and statistics can 
be calculated 

a. The properties of the timeseries (name, coordinates, etc.) can be seen 
from Table/Properties. 

b. To plot the weather timeseries, select the entire column with the 
variable you want to plot (to select an entire column, click the left 
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mouse button on top of the name of the column), or the time period of 
that column. Then press from the menu Data/plot as line (plots as a 
line, for example for temperature) or Data/plot as bar (plots as a bar, 
for example for precipitation). 

c. To calculate the statistics (sum, average, min, max etc.) of the weather 
data, select the entire data or part of the data and select 
Data/Statistics. 

 

2. Sometimes it is necessary to modify the data files (add missing data, take 
away measurement errors). These actions can be done by modifying this data 
table window. 

a. You can save the changes you have made to the table by pressing 
Store button. 

b. To insert new rows go to the place where you want new rows (for 
example where there is dates missing) select Edit/Insert Row. To 
remove rows go to the correct place and select Edit/Remove Row(s). 

c. Data can be copied from one weather file to another by selecting the 
data and using commands Edit/Copy and Edit/Paste. Make sure that 
the same day does not occur several times. Press Store to save the 
changes. 

d. To save part of the weather data to another file, select the desires time 
period (select the dates as well). Then select Data/Write selection to 
file. 

e. Then import data from file select Data/Import lines from file and 
select the correct file. 

 

 

5.4.7 Timeseries window 

Timeseries window shows the output data timeseries as picture. 

 

Sometimes when you want to modify the files shown in the data 
table window more, it may be easier to open the data file in Excel or 
similar program, do the modifications and safe the file again in txd 
form. 

 

 

If you do some changes to data table which you want to keep, you 
must always save the changes by pressing Store on the toolbar.  
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The picture handling tools are available when the timeseries window is active. The 
tools for picture handling are 

 

The first three tools from left and the fifth tool are the same as in IWRM main window 
toolbars (see chapter 0). The functions of the other two tools are 

Tool Function 

 
Picture properties. Displays a format window, where picture 
properties (line colour, type, name etc.) can be modified. 

 
Copy as textdata. Copies the picture data in text format to clipboard. 
Works only for timeseries pictures. Can be used, for example, to 
transfer picture data to spreadsheet. 

Picture properties can be changed with the Picture properties tool . A format 
window, where the outlook of the picture can be managed will open. 

 

The window shows all the timeseries drawn in the picture in the window on the left. 
The timeseries being managed can be changed from the window in the left hand 
corner of the main window. The colour of the timeseries can be changed from Colours 
Line Color and Fill Color (for dots and areas). The timeseries can be drawn as line, 
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bar, column or line and the sizes and widths of these can be changed from the right 
hand corner of the window. 

To change the coordinates of the picture choose CoordSystem from the list. 

 

1. The Header of the picture can be given from Header. 

2. The titles of the x-axis and y-axis can be given from Title.  

3. The minimum and maximum values of the x- and y-axis of the picture can also 
be changed from Min and Max. 

The picture can be saved with the copy as metafile tool . While the correct picture 
is activated press the copy as metafile button. Then go to the application where you 
want the picture to be (for example a Microsoft Word document) and select Paste. The 
picture will appear in the application. 

Different tests and comparisons can be performed for the results while in the 
timeseries result window with the options of the Compute menu. Some of the options 
are described in more detail in the chapter 12.2 Result comparisons. 

5.5 OPEN EXISTING MODEL APPLICATION 

Existing model application can be opened by selecting from the menu bar File - Open 
and selecting the application in vmp format. 

 

Existing model application can also be started directly by double clicking the 
application name (*.vmp). 
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5.6 SAVING MODEL APPLICATION 

The model application can be saved by selecting from the menu bar File - Save or if 
you want to save the application with a different name File - Save As. 

 

 

You are not able to undo the saved model settings. Thus, if you are 
making big changes on the parameters or other model settings, it is 
always good to keep the original model application saved with 
another name (see above Save as). 
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6 CREATING NEW IWRM APPLICATION 

 

6.1 CREATING A MODEL GRID 

This chapter is made for the user guide for creating the grid for EIA IWRM Model. 
Below the process is described.  

The model grid is a division of the catchment to be modelled. In order to generate the 
grid, a digital elevation model (DEM) of the target area is needed. The model grid cell 
size is usually larger than the DEM grid so the model grid elevations need to be 
computed from the DEM grid. Typically arithmetic average is used to combine height 
values. After averaging the model grid should modified so that it has the following 
properties: 

 For each model grid point, that is not the outflow point; there is a neighbouring 
grid point that has a lower or equal elevation than the point in question.  

 There is one outflow point, into which all the other points flow. The outflow 
point is at the border of the modelled area.  

Land use data, if imported from satellite picture, also needs grouping. For this data, 
averaging is not feasible; instead, land type distribution preserving computation is used 
to group the data into larger grid cells. The computation aims to preserve the relative 
sizes of different land use types. 

To create the grid the original data can be in many different forms: digital elevation 
model (DEM), depth points, contour lines; and in many different file types: *.shp, *.bil, 
*.ipd, *.dig, etc. Thus, basic knowledge of the GIS in general should be known as well 
as the basics about the use of some common GIS applications.  

6.1.1 RLGis getting started 

The description of the RLGis programme can be found in the appendices 

To open the RLGis program, select rlstart.ip or select EIAmodels and select from data 
processing RLGis. The RLGis new application window will open. 

In this chapter the basics for creating a IWRM model are presented including 
creation of the model grid with RLGis application and set up of a new IWRM 
application 

The chapter is divided to two parts: 

6.1 Creating a model grid  

6.3 Useful RLGis actions 

6.4 Usage of the created grid in the IWRM 

 

 



HBV and IWRM Watershed Modelling User Guide 

www.eia.fi 
 

69 

 

6.1.2 Data needed 

Required input data 

Following data is required to create a IWRM model grid. 

 DEM, in one or more files for the target area 

 Watershed boundary for the target area, or larger watershed including the 
target area 

 Land use data in one or more files for the target area  

 Soil data in one or more files for the target area 

Raster data, e.g. DEM, land use and soil data, must be in BIL or TIFF format. Vector 
data, e.g. boundaries, rivers and lakes must be in ESRI shape file format. 

If land use or soil data is not available, a single class land use or soil type can be used 
for testing purposes. In this case a dummy land use or soil data grid is created by 
copying the DEM grid and setting values of the grid to one.  

 
 

The DEM, land use data and soil data have to be in the same grid 
size to create the IWRM grid. The grid sizes can be changed to the 
same size in the RLGis. 
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6.1.3 Creation of raster data files from ESRI shapefiles 

 

 

6.1.4 DEM processing 

1. Import DEM data (raster) with command Add Layer ï Import file - *.bil or *.tif 
("Add Layer" button is in the sidebar above layer list) 

 

a. A file selection window opens. Select preferred file in the file window 
and click Open 
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b. A Import grid data window opens, select preferred coordinate area, or 
just click OK 

c. A new layer containing the selected data is opened in the window.  

2. Combine files to a single layer if required 

a. Select the two raster layer to be combined to single layer from the layer 
list. Use control to select both layers. 

b. The grids must be next to each other, and have same size grid box 

c. Select GeogrComp - Grid - Grid ï join two adjacent grids 

 

d. A new raster layer will be created containing the combined grid data 

3. Convert DEM to float type and meters. Often DEM data is encoded to 
decimeters or centimeters, and stored as integers. IWRM requires meters to be 
used in the DEM, and the DEM must be of float type. To convert layer, first the 
layer type must be set to float, and then, if not already in meters, the data 
values must be converted to meters. 

a. First select the DEM layer from the layer list 

b. To convert the data to float format select GeogrComp ï Grid - Grid-
change grid type command, and select the To format to singlepr.float, 
and click OK 

c. If the DEM data is not meters, use the command GeogrComp/Grid/Grid 
ï transform values to change the values to meter. After giving the 
command, enter a suitable computation formula to the dialog window 
and click OK. For example, to convert from decimeters to meters, set 
the transform values computation formula to "X*0.1". 
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d. The DEM is now of float type and in meters. 

4. Import watershed boundary (shape file) 

a. Select command  Add Layer ï Import file - *.shp  

b. A file selection window opens. Select preferred file in the file window 
and click OK 

c. The shape file is opened and drawn on the screen 

5. Decide on enclosing rectangle that contains the target watershed. It should be 
at least 2 x target model box size larger than bounding box of the watershed 
boundary. The enclosing rectangle (=bounding box) can be created using the 
following steps. 

a. Select the watershed boundary line using the Select/Edit Lines tool 

.  

b. Select GeogrComp - Line - Line ï bounding box command from the 
menu 

c. To expand the bounding box, give a suitable number (meters), for 
example "3000" to the dialog window and then click OK. 

d. A new layer containing the watershed boundary bounding box is 
created. 

e. Click Select None-tool  to cancel watershed boundary selection 

6. Cut DEM data (=raster) to enclosing rectangle (=polygon) 

a. Select polyline or polygon layer containing the cutting polygon from the 
layer list 

b. Use the Select/Edit Lines tool  to select the cutting polygon 

c. Select the line layer containing the cutting polygon and a raster layer to 
cut from the layer list 

d. Select GeogrComp ï Grid - Grid ï extract data using polygon 
command from the menu 
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e. A new layer containing raster data inside the selected polygon is 
created. 

7. Combine DEM grid boxes to model resolution using "Min" 

a. Select the DEM raster layer from the layer list 

b. Select GeogrComp ï Grid - Grid ï combine grid boxes command 
from the menu 

c. In the appearing dialog, give number of grid boxes to combine together, 
combination method, and click OK. The combined grid box value is 
computed from the set of values in the original grid using one of the 
following methods  

- Min ï minimum of the values 

- Max ï maximum of the values 

- Avg ï average of the values 

- Median ï count values in each class, select one that has the 
largest count 

- Diff ï difference between Max and Min 
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d. A new raster layer will be created, in which the grid boxes are 
combined. 

8. Cut DEM to target watershed using the same procedure as in point 6 but with 
the watershed boundary as the polygon. 

9. Save the layer by clicking the  right mouse button on the top of the layer name 
in the list on the left and by selecting Save 

 

10. Save the project as RLGis application in .gip file format from File/Save As 

 

6.1.5 Land use processing 

The Land use is processed in a similar way to the DEM processing. 

1. Import land use data with command Add Layer ï Import file - *.bil or *.tif 

2. If required, combine files to a single layer with GeogrComp - Grid - Grid ï 
join two adjacent grids (see more details above in chapter 6.1.4) 

3. Cut land use to enclosing rectangle with GeogrComp ï Grid - Grid ï Extract 
data using polygon 

4. Make sure DEM and land use left bottom corner coordinates match. Adjust if 
necessary.  


