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Sammanfattning 

Många faktorer påverkar tillgängligheten av sötvatten som är väsentligt för många mänskliga 
aktiviteter. Tre av FN:s globala hållbarhets mål, nummer 2, 6 och 7 relaterar direkt eller indirekt till 
tillgång till sötvatten. Mål nummer 2, ingen hunger; en del av att uppfylla detta mål är att det måste 
finnas vatten för att bevattna grödor. Mål nummer 6, tillgång till rent vatten och sanitet; det är möjligt 

att rena vatten eller att transportera det längre distanser, men det är ofta energikrävande och 
kostsamt. Därför är det viktigt att förvalta tillgängliga sötvatten resurser klokt. Hållbar energi för alla 

är mål nummer 7. En källa till hållbar och ren energi är vattenkraft, för att producera vattenkraft 
behövs en skillnad i potentiell energi och mycket vatten. För att kunna uppfylla alla dessa mål är det 
viktigt att inkludera alla perspektiv när man bestämmer policys för jordbruk, bygger vattenkraftverk 
eller gör andra stora ändringar i infrastrukturen. De komplicerade förhållandena mellan dessa olika 
intresseområden för vatten kan göra det svårt att förutse hur en förändring i en av dem påverkar de 
andra. Konceptet att koppla ihop olika perspektiv kallas Nexus. 

Målet med denna uppsats var att utvärdera olika hydrologiska modelleringsverktyg och hur de kan 
användas för Nexus bedömning. Det gjordes genom att en marknadsundersökning genomfördes och 
två modelleringsverktyg valdes ut.  

De två utvalda modelleringsverktygen var MIKE SHE och SWAT. Dessa två verktyg utvärderades 
baserat på specificerade kriterier. I fallstudien modellerade båda modelleringsverktygen samma 
område i Kamwenge, Uganda. De båda modellerna kalibrerades mot observerade utflöden från 

avrinningsområdet. Resultaten jämfördes med en existerande modell i WEAP. Resultaten från 

fallstudien är ofullständiga då kalibreringen för MIKE SHE modellen inte lyckades. 
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Abstract 

The natural movement of water is known as the hydrological cycle. Many different factors affect the 

hydrological cycle and the availability of freshwater. The availability of freshwater is essential for 
many human activities.  

Three of the UN SDG’s (Sustainable Development Goals), number 2, 6 and 7, directly or indirectly 
relate to freshwater supplies. SDG number 2, zero hunger; a part of fulfilling this goal is to have 

enough available freshwater to irrigate crops. SDG number 6 is about access to clean water and 
sanitation. It is possible to desalinate saline water, treat unclean water or transport water long 

distances, but these are often costly and energy demanding processes. Therefore, it is important to 
manage the freshwater supplies that are available wisely. Access to clean and affordable energy is SDG 
number 7. One source of clean and affordable energy is hydropower, in order to produce electricity in 
a hydropower plant, plenty of water and a change in potential energy is needed .  

To be able to fulfil all these goals, it is important to include all of the perspectives when making 

policies regarding agriculture, building hydropower plants or making big infrastructure changes. The 

complex relationships between the different areas of interest can make it complicated to analyse the 
effects of a change made in any area. The concept of connecting different perspectives is called Nexus.  

This aim of this thesis was to evaluate different computer-based hydrological modelling tools, and 
how they can be used for Nexus assessments. This was done by performing a market research, 
choosing two tools for further assessment, creating evaluation criteria and perform a case study on a 
watershed in Uganda. The case study results and the evaluation criteria were then compared to an 

existing model in WEAP. 

The two selected hydrological modelling tools were MIKE SHE and SWAT. These two modelling tools 
were evaluated based on specified evaluation criteria. In the case study they modelled the same area 
in Kamwenge, Uganda. The output of the models was compared and calibrated against observed flow 
in the river at the outlet of the watershed. The results of the case study were incomplete since the 
MIKE SHE model was not calibrated successfully.    

The different models have different strengths. The format of output data and flexibility of the program 
is superior in MIKE SHE, while SWAT is more intuitive and demands less computer power. Over all 
SWAT is easier to use and model in for a novice user, while MIKE SHE requires more expertise in 
order to run a successful model. SWAT is able to model more of the Nexus perspectives and are 
therefore the preferred model. 
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BACKGROUND 

Known as the blue planet, 71 % of the earth’s surface is covered with water (Perlman, 2016b). 
Most of the water is however saline and cannot be consumed by humans or used for agricultural 
purposes without treatment. Instead, freshwater is essential for several types of industries, 
agriculture and human consumption. Only 3 % of the water in the world is freshwater, and only 
0.3 % of the freshwater is available as surface water. The rest of the freshwater is either 
unobtainable in icecaps and glaciers, or it is stored as groundwater. Out of the 0.3 % that is 
available as surface water, 2 % is found in rivers (USGS, 2016).  

Three of the UN SDG’s (Sustainable Development Goals), number 2, 6 and 7, directly or indirectly 
relate to freshwater supplies. SDG number 2, zero hunger; a part of fulfilling this goal is to have 
enough available freshwater to irrigate crops. SDG number 6 is about access to clean water and 
sanitation. It is possible to desalinate saline water, treat unclean water or transport water long 
distances, but these are often costly and energy demanding processes. Therefore, it is important 
to manage the freshwater supplies that are available wisely. Access to clean and affordable energy 

is SDG number 7. One source of clean and affordable energy is hydropower, in order to produce 
electricity in a hydropower plant, plenty of water and a change in potential energy is needed (UN, 
2015). 

The SDGs mentioned are tightly interlinked with each other, therefore it is important to include 
all of the perspectives when making policies regarding agriculture, building hydropower plants 
or making big infrastructure changes. The complex relationships between the different areas of 
interest can make it complicated to analyse the effects of a change made in any area. The concept 
of connecting different perspectives is called nexus. 

The natural movement of water is known as the hydrological cycle. The hydrological cycle is 
complex and driven by the solar radiation and gravitation, a graphical representation of the 
hydrological cycle can be seen in figure 1 below. The solar radiation will evaporate and form 
clouds, the water will then fall as precipitation, where it will either form runoff or surface water, 
be taken up by plants or infiltrate into the ground. The infiltrated water will either percolate 
further into the ground and form groundwater, or flow towards a lake or stream. The 
groundwater will eventually also reach the surface water. The water that is taken up by plants will 
vaporize by transpiration (USGS, 2016). 
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Figure 1: Hydrological cycle (USGS, 2016) 

 

The hydrological cycle and the climate is tightly interlinked, the climate affects the hydrological 

cycle just as the hydrological cycle affects the climate. The future climate change is expected to 
increase the evaporation and precipitation, leading to more extreme and frequent droughts and 
floods. This will change the availability of freshwater as well as its quality (Kundzewicz, 2008). 

It is not only climate that can change the availability and quality of freshwater, a change in land 
use can change the runoff coefficient and the need for irrigation, as well as change the chemical 

composition. Agriculture land can change the chemical composition of the water by leaching 
nutrients and pesticides to streams, while urban areas can release metals such as copper and lead 
(Kundzewicz, 2008). 

To assess how a future warmer climate can affect the hydrological cycle on a more local scale, it 
can be a difficult and complex task. These assessments can be performed using a computer-based 
hydrological modelling tool. Today there are many tools available on the market with varying 
complexity, areas of application, user friendliness, graphical interface etc.  

Computer-based hydrological modelling tools are a good and simple tool to predict and assess 
how a watershed will react to a single rain event or a continuous period of time. These 
hydrological modelling tools have some limitations though, one of them is that they often have 
extensive data requirements, data that can be unattainable. Especially when modelling countries 
that are not well documented. It is also important to remember that it is just an assessment, 

modelling is not an exact science there is always an uncertainty. 
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AIM AND OBJECTIVES 
The aim of this thesis is to evaluate hydrological modelling tools that can be used for Nexus 

assessment. The hydrological modelling tools will be compared against an already existing 

model in WEAP (Water Evaluation And Planning). 

The objectives of this thesis are: 

• Perform a market research of hydrological modelling tools 

• Perform a literature review of the hydrological modelling tools with a focus on Nexus 

• Compile criteria for evaluation 

• Perform a case study of a basin in Uganda with two of the modelling tools and compare 
the results with an already existing model in WEAP 

• Evaluate and grade the modelling tools used in the case study 

LIMITATIONS 
One limitation in this study is that even though there are many hydrological modelling tools, only 

the modelling tools mentioned in the market research that are evaluated. Another limitation is 
that the WEAP results the modelling tools are compared against in the case study, is not 
calibrated for this exact outlet point, it is calibrated for an outlet point further downstream. The 
case study results are incomplete, since the MIKE SHE model is not working, therefore the results 
from the case study is not a part of the final conclusion.   
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THEORY 

In this section the theory for hydrological modelling presented. 

HYDROLOGICAL MODELLING  
There are many different hydrological modelling tools with varying features and characteristics, 
these determine how accurate the output will be and the areas of application for the modelling 
tool. 

Model approach 

There are three general modelling approaches; statistical, conceptual and physical.  

A statistical model is based on previous rain events and how the discharge in rivers were impacted 
by that event. When modelling a different event, one assumes that the watershed will respond in 
the same way. An example of a statistical method is the unit hydrograph (Devia et al., 2015). 

In a conceptual model the watershed is built up by different “buckets” that are filled up by 

precipitation and infiltration and emptied by runoff, evapotranspiration among others. A 
conceptual model demands a lot of calibration and meteorological data, but not a lot of data of 
the physical characteristics of the watershed. A conceptual model does not model land use change 
well (Devia et al., 2015). 

The third model approach is a physical based model. This type of model approach will give the 
most accurate representation of a watershed, since it tries to model the actual conditions, thus a 

physical model requires less calibration than a conceptual model. The down side of a physical 
model is that it requires extensive knowledge and data of the physical properties in the watershed 
(Devia et al., 2015).  

Spatial distribution 

A watershed is seldom homogenous, and the hydrological response is dependent on physical 

characteristics such as land use, soil cover and elevation, therefore the spatial distribution of the 
modelling tool is important (Sharif & Furl, 2017).  

A semi-distributed, or lumped model, divides the subbasins into smaller areas that have similar 
characteristics. This approach demands less computer power, but due to the watershed response 
sensitivity to physical attributes a semi-distributed model will not represent the physical model 
to a full extent (Sharif & Furl, 2017).  

A fully-distributed model will have a more detailed representation over the physical attributes. 
Therefore, a fully-distributed model will better represent the heterogenous watershed and the 
hydrological response. The downside of a fully-distributed model is that it can demand a lot of 
data power to run a bigger model (Sharif & Furl, 2017). 

Temporal distribution 

Modelling tools can be divided into static models and dynamic models. A static model does not 

include time or changes with time, a dynamic model does (Devia et al., 2015). A dynamic 
hydrological modelling tool can be used to model a single rain event or to model several rain 
events under a longer period of time and give a continuous output (Chu & Steinman, 2009) while 
a static model will give an output for a specific time (Devia et al., 2015) 

Hydrological processes 

Hydrological modelling tools, especially the physical, are based on equations that describe the 

different hydrological processes.  Each process can be described by several different equations. 

Surface runoff 

Surface runoff can have various sources, precipitation, melting snow or glaciers. How big of a 
fraction of that becomes surface runoff depends on the land use, soil type, elevation etc. 
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Meteorological factors such as precipitation intensity, type of precipitation and rainfall duration 
also have an impact on how much of precipitation that becomes surface runoff (Perlman, 2016e) 

Infiltration 

The process of water trickling down in the soil, eventually forming groundwater, is called 
infiltration. Physical factors that affect the infiltration are for instance soil type properties such 
as porosity, elevation and soil saturation. Meteorological factors can also impact the infiltration, 
such as precipitation intensity and evapotranspiration among others (Perlman, 2016c).  

Groundwater flow 

The water that infiltrate will trickle further down in the ground and form groundwater, this is 
called percolation. The groundwater can then flow toward a stream or a spring. Physical factors 
that affect both percolation and groundwater flow are soil properties such as porosity and 
hydraulic conductivity, as well as the geology in the area (USGS, 2016) 

Evapotranspiration 

Evapotranspiration is the name of the processes transpiration and evaporation. Evaporation is 

the process when water evaporates from open water surfaces and soil. Transpiration is the 

process when plants releases vaporized water (Perlman, 2016a). Evapotranspiration is impacted 
by many different parameters that are hard to foresee, such as wind speed, temperature and 
humidity (Kisi, 2007). 

Snow melt and accumulation 

When modelling high-rise regions or other areas with a cold climate, snow melt and 

accumulation is an important feature. When the soil is frozen in the winter, no infiltration can 
occur, and with air temperatures below zero precipitation will come as snow instead of rain. In 
the spring the snow will melt and form surface-runoff and/or groundwater through infiltration 

(Perlman, 2016d). 

MATERIAL AND METHOD 

This chapter is split into five sections, the market research and the modelling tools that were 
found, the selection of tools for the case study, presentation of the chosen tools and the WEAP 

model, evaluation criteria for the models and the case study method and data. 

MODELLING TOOLS FOUND IN MARKET RESARCH 
There are a lot of different hydrological modelling tools. A market research was a conducted and 
the twelve were found. The modelling tools that were found in the market research are described 
below.  

HBV (Hydrologiska Byråns Vattenbalansavdelning) 

HBV is a conceptual rainfall-runoff developed by SMHI (Sweden’s meteorological and 
hydrological institute). The HBV model is developed to be used at a catchment scale, but it is 

possible to divide the watershed into subbasins or smaller if one wishes to have different physical 
attributes in the model. It has been used in over 40 countries around the world to model 
catchments in various sizes (SMHI, 2017). 

HEC-HMS (Hydrological Modelling System) 

HEC-HMS is an open-source, physically-based, rainfall-runoff model developed by the U.S Army 
Corps of Engineers. It is specifically developed for modelling highly urban watersheds as well as 

natural and can model both continuous rains and single events. HEC-HMS can be used for flood 
hazard mapping, prediction of droughts and water availability (U.S Army Corps of Engineers, 

nd). 
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HYPE (Hydrological Predictions for the Environment) 

Hype is an open source, hydrological catchment modelling tool, developed by SMHI (Sweden’s 
meteorological and hydrological institute). HYPE is written in the code language Fortran and has 

no graphical interface. It uses .txt files for input and output data (SMHI, 2016). With HYPE it is 
possible to model natural processes such as groundwater recharge, snow accumulation, snow 
melt, transportation and leakage of nutrients as well as the impacts of anthropogenic activities 

such as irrigation and hydropower (Emerton et al., 2016) 

LISFLOOD 

LISFLOOD is a physically-based, spatially distributed, rainfall-runoff model developed by the 

European Commission. It is used to foresee floods, assess impacts of river regulation, climate 
change and land use change. The tool is specifically developed to be used for large river basins in 
Europe (Burek et al., 2013). 

MIKE SHE 

MIKE SHE is a fully-distributed, physical model developed by DHI. The program uses finite 
difference equations to solve the equations for each cell in its modelling area (Gorantiwar et al., 

2015). MIKE SHE is typically used for management of surface and groundwater and assessment 
of the impact of climate and land use changes (DHI, nd) 

RIBASIM (River Basin Simulation) 

RIBASIM is a modelling tool with a built-in graphical interface, used for planning and managing 

river basins, developed by the Dutch company Deltares. RIBASIM can be used to evaluate 
draught, potential hydropower production and water quality. In RIBASIM the model is built up 
by nodes and branches, in contrast to many rainfall-runoff models that often are based on 
topography. (Krogt, 2009)  

SPHY (Spatial Processes in Hydrology) 

SPHY is an opensource, physically-based and fully-distributed, rainfall-runoff model developed 
by FutureWater. SPHY is written in Python and can be used to assess effects of climate and land 
use change, draughts and irrigation. Most hydrological processes are modelled and can model a 

single watershed or an entire country (Terink et al., 2015). 

SWAT (Soil and Water Assessment Tool)  

SWAT is an open source hydrological modelling tool developed by the USDA (United States 
Department of Agriculture) and is today used in over 100 countries. The SWAT model is semi-
distributed as it creates HRUs (Hydrological Response Units). SWAT can be used to assess the 

impact of climate and land use changes (Arnold et al., 2012) 

SWIM (Soil and Water Integrated Model) 

SWIM is a hydrological modelling tool that is written in Fortran and has a GIS interface, it can 
be linked with the free GIS tool GRASS or MapWindow (Krysanova et al., 2014). SWIM is based 
on two different hydrological models; SWAT and MATSALU. (Krysanova et al., 1998).  

SWIM simulates the percolation, runoff, snowmelt, vegetation growth, evapotranspiration, 

groundwater flow, climate change and transportation of nutrients. The SWIM model is only 

available to users working on EU projects, in other cases the creators refers to the SWAT model 
(Krysanova et al., 2014). 

Topkapi (Topographic Kinematic Approximation and Integration) 

Topkapi is a fully-distributed, physical based, rainfall-runoff model that is developed by the 
Italian company Progea. Topkapi can be used to model land use and climate change, hydropower 

reservoirs and irrigation (Mazzetti, 2015). 

WaterGap 

WaterGap is a global hydrological model written in C++, developed at the University of Kassel. 
It is used to estimate how agriculture and anthropogenic demands impact the freshwater 
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resources on a global scale. As well as predict how climate change will impact the water scarcity 
in on a regional scale (Goethe Universität, 2018).  
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CHOOSING MODELLING TOOLS FOR THE CASE STUDY 
When choosing the modelling tools to use in the case study a few parameters were important. An 

open source program is preferable but not necessary, if the model seemed to be applicable to 

Nexus, available tutorials/manuals and that there was some type of graphical interface for the 
program were the most crucial factors when choosing the tools. 

Table 1: Table over the important characteristics that were evaluated  

Modelling tool Open-source Applicable to 
Nexus 

Useful tutorials 
available 

Graphical 
interface 

HBV Yes Yes No No 
HEC-HMS Yes Yes Yes Yes 

HYPE Yes Yes No No 
LISFLOOD Yes No No Yes 
MIKE SHE No Yes Yes Yes 

SPHY Yes Yes No Yes 
SWAT Yes Yes Yes Yes 
SWIM No Yes No Yes 

Topkapi No Yes No Yes 
WaterGap No No No Yes 

 

As seen in table 1 above, two of the modelling tools, HEC-HMS and SWAT, met all four criteria 

while one modelling tool, MIKE SHE, met all but being open-source. 

These three models were downloaded and  assessed on their first impression. Despite not being 
am open-source program MIKE SHE was chosen, this was due to that it is a well-known tool with 
a good reputation and many users over the world, as well as it seemed intuitive to work in. SWAT 
was chosen for its many users worldwide and the simplicity and intuitively of the graphical 
interface. 

MODELLING TOOLS USED IN CASE STUDY 
In this section, the modelling tools that were chosen to proceed with are presented in more detail. 

The modelling tool WEAP (Water Evaluation And Planning) is presented here as well, since the 
modelling tools used in the case study will be compared to it. 

SWAT 

The open-source, semi-distributed tool SWAT is presented in more detail in the following section. 

Modelled processes  

SWAT models most hydrological processes for instance surface runoff, snowmelt, percolation, 
groundwater flow and evapotranspiration, it also models vegetation growth and nutrient 
transportation (Arnold et al., 2012).  

Input data 

General data that is necessary is topography over the area, soil type and land use. All of this data 
is imported as GIS maps, and the land use and soil types can then be specified towards a database. 
The database contains the necessary information that the model needs. For soil types a FAO 

database that is applicable worldwide can be downloaded,  since the default database can only be 
used when modelling US soil types (Güngör, 2014). 

The hydrological model is driven by weather data. Required input parameters for weather data 

are precipitation, relative humidity, solar radiation and minimum- and maximum temperatures 
(Srinivasan et al., 1998). All of these values can either be observed data that is inserted to the 
model, or one can use modelled data, that are available in ArcSWAT’s database. 
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This is the data that is minimum requirement for running ArcSWAT, but other data can be 
necessary in order to refine the model. 

Graphical interface 

The modelling tool itself does not have a graphical interface, instead it is used as a plug-in in a 
GIS (Geographic Information System) software. It can be used with many versions of GIS 
programs, a few examples are GRASS, QGIS and ArcGIS. SWAT is most commonly used with 
ArcGIS and is then called ArcSWAT. ArcSWAT is free to download but it requires an ArcGIS 
license (Dile et al., 2016).  

 

Figure 2: SWAT, graphical interface using ArcSWAT and ArcGIS 

Linkable programs  

SWAT can be linked with other programs, for instance can it be linked with MODFLOW in order 
to model the groundwater flow more thorough. It can also be linked with MODSIM to model 
water allocation. There are programs available that are used to auto calibrate SWAT models and 
to present the output data one example is SWATCup (Vaghefi et al., 2017 & Guzman et al., 2015). 

Limitations 

There are a few limitations of the SWAT model, some of them can be solved by linking the SWAT 

model together with other models. One limitation is that the SWAT model treats all groundwater 
at a depth greater than 6 m as non-existent, this can be solved by link SWAT to MODFLOW 
(Guzman et al., 2015).  

Another limitation is that water allocation in SWAT is missing. One solution is to link SWAT to 
MODSIM. MODSIM is a water allocation model that can be used as a decision support system 
for water management, for instance when there is a conflict between different interest. Linked 
with SWAT it can be used to simulate irrigation scheduling and hydropower generation (Vaghefi 

et al., 2017 & Vaghefi et al., 2015). However, in the case study SWAT will be used on its own. 

Presentation of results 

The results from ArcSWAT are given as text files, there is no graphical representation available 
in the program. 

MIKE SHE 

The physically-based, fully-distributed tool MIKE SHE is presented in more detail in the 
following section. 
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Modelled processes 

MIKE SHE models many physical processes in the watershed. It simulates overland flow, 
groundwater movement, exchange between surface water and ground water, snowmelt among 

others (Golmohammadi et al., 2014). 

Input data 

There is a lot of options in MIKE SHE to choose which equations and modules that one wants to 
include. Therfore, it is harder to specify any input data that is necessary to run a model, since it 
will change depending on the user’s choices.  

Two things that are needed no matter what choices are made, is topography and an outline of the 
watershed catchment. A watershed cannot be calculated in MIKE SHE, this needs to be done in 

external program. The topography and catchment area are imported as .dfs2 files. To get this file 
format GIS files can be converted using the toolboxes in MIKE ZERO. 

Climate data will also be necessary but depending on user choices, different types of inputs are 
needed. The minimum required data is a time series over the precipitation in the area. Depending 

on what choices are made, evapotranspiration, temperature and solar radiation can also be 
needed. This data needs to be imported as .dfs0 files, that can be created using the MIKE ZERO 
toolbox.  

If one wishes to include unsaturated flow, geological data and vegetation data will be needed. 
What type of data that is necessary for these two datasets are depending on chosen equations for 
this process. 

If overland flow is of interest the Manning number, detention storage and initial water depth 

must be specified as a minimum requirement. 

Graphical interface 

MIKE SHE is run in the MIKE ZERO graphical interface. It is an integrated program and not a 
plug-in.  

 

 

Figure 3: MIKE SHE graphical interface 
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Linkable programs  

MIKE SHE is linkable with some programs in the DHI-family as well as external programs. It is 
for instance linkable with MIKE Hydro River, MIKE 11 and MOUSE. MIKE Hydro River can be 
used to model channel flow while MOUSE can be used to model urban storm water handling. 
(DHI, 2017) 

Limitations 

The MIKE SHE model is missing a water allocation model.  

Presentation of results 

Results can be given as a time-lapse map over the modelled area or as a time series.  

 

Figure 4: Showing an example of results in MIKE SHE 

WEAP 

WEAP is a water managing and planning tool developed by the Stockholm Environment 
Institute’s U.S Center. It models surface runoff, evapotranspiration, irrigation needs and is used 
to model the impact of different water demands. The tool is used to answer questions such as 
“what if the population doubled?” and to assist policymakers in their decisions. (SEI, nd). 

Processes modelled 

WEAP models most hydrological processes, such as infiltration, groundwater flow, snowmelt and 

river discharge (ICID, nd). 

Graphical interface 

WEAP has a built-in graphical interface, the model is built up by nodes . 
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Figure 5: Graphical interface for WEAP 

Linkable programs 

WEAP can be linked with the groundwater modelling tool MODFLOW to model the groundwater 

flow in more detail (Sieber & Purkey, nd).gora 

Presentation of results 

The results are presented as graphs. 

CRITERIA FOR EVALUATION 
In order to evaluate the tools objectively, five primary criteria were specified. Each criterion was 
divided into smaller categories to compare the modelling tools. The purpose with the five primary 
criterion is to give a full picture of each of the modelling tools. The five primary criteria are 
characteristics, application, user experience, data requirement and results.  

The first criterion, characteristics is meant to give an overlook of the modelling tools, for instance 
what hydrological processes they model, the spatial and temporal distribution, model approach, 

if the model is open source and if there are any available linkable programs. Important 

hydrological processes that needs to be incorporated in the model are surface-runoff, 
groundwater flow, infiltration, evapotranspiration and irrigation.  

The purpose of the criterion application is to evaluate how the different modelling tools are 
applicable to the case study and the aim of this thesis. The modelling tools are evaluated based 
on if they are able to model changes in land use, climate change and hydropower reservoirs.  

The criterion that is the hardest to objectively evaluate is user experience therefore it has been 
broken down in to smaller parts then the other criteria. The user experience will be evaluated on 
how steep the learning curve is, availability on useful tutorials and manuals, the download and 
installation of the program, user forums, computer requirements, how intuitively the program is 
and how easy it is to change scenarios. 

The data requirement criterion is meant to assess how attainable the data that is needed for the 

modelling is, as well as if the tool is flexible with what data that is needed and how easy the data 
is to find and input into the modelling program. 
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The fifth criterion model output is meant to evaluate how easy it is to calibrate each of the 
modelling tools and how easy the results are to interpret. It is not used to assess the accuracy of 

the results from the case study. 

Table 2: The different criteria used for evaluation of the modelling tools 

Characteristics 
Processes modelled 
Spatial distribution 
Temporal distribution 
Model approach 
Open source 
Linkable programs 

Application 
Possible to model different crops and irrigation 
Possible to model climate change 
Possible to model water usage 
Possible to model hydropower plants 

User experience 
Learning curve 
Tutorial 
Download and installation 
Intuitive/user experience 
User forum 
Computer requirements 
Change of scenarios (crops, climate) 

Data requirement 
Is required data attainable 
Input of data in the program 
Flexible, turn off/on modules 

Model output 
Format of output data 
How easy the data is interpreted 
Calibration of the model 

 

CASE STUDY 
The case study is performed in order to evaluate how it is to use the different softwires and how 
they can be used in order to model different Nexus perspectives, the output results from the 

different modelling tools are of less importance. 

 The case study is performed on a watershed in Uganda. Both modelling tools model the same 
area, using the same data. However, the models require different parameters to define the 
datasets, therefore there will be some differences. 

Disclaimer: The modelling performed in this case study is very simplified and is only used to get 

an understanding of the tools. The results should not be used for anything else. 

Study area 

The modelled are in this case study is the watershed that drains to the location of the Mpanga 
hydropower plant located in the Kamwenge district in Uganda. The simulation period is however 
between 1966 and 1970, this is before the hydropower plant was built so it will not be included in 
the model. 

Kamwenge is a rural district in the south-west part of Uganda. In the district food crops such as 
maize, sorghum and finger millet are common, there is a large amount of livestock animals in the 
region as well. The climate is tropical and most precipitation usually falls in the spring, between 
March and May. 
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Assumptions 

The water demand from households and livestock animals is assumed to be constant over years 
and months. The land use map is also assumed to be constant for years and months.  

Data 

In the case study the same data is used for both modelling tools in the extent that this is possible. 
Data such as topography, land use map, soil type map, water demand and climate data are the 
same in each tool. The properties of the different soil- and vegetation types are not the same in 
the tools, since ArcSWAT and MIKE SHE requests distinct types of data to be defined. The 
general datasets are presented in the sections following, while the specific properties for the data 

that differ between the modelling tools are presented chapter 3.2.3.1 and 3.2.3.2. 
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Topography: 

 

Figure 6: Topography (NASA JPL, 2009) 

The topography in the watershed is hilly. With a difference of a couple of thousand meters 
between the lowest and highest point. 
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Land use: 

  

Figure 7: Landcover map (RCMRD, 2014) 

The most common land use in the watershed is cropland, grassland is also very common. There 

is not a lot of settlement in the area. 
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Geology: 

 

Figure 8: Soil cover map (FAO, 2007) 

There is a mixture of different soil types in the area. 
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Water demand: 

 

Figure 9: Population density map, people per hectare (AfriPop, 2010) 

The data shown in figure 9 above shows the population adjusted to the UN estimates for 2015 in 

the region. As seen in figure 9 above, a substantial portion of the watershed area is very sparsely 
populated. In the north-west corner there is a bit more population, as well as in the south-west 

corner.  

The more densely populated area in the north is estimated to have an area of 6 400 hectares, with 
an average population of 15 people per hectare. The area in the south is estimated to have an area 
of 13 000 hectares with 5 people per hectare.  

In Uganda the estimated, average domestic water demand is 28 litres per person and day (UNDP, 
2006) 

Table 3: domestic water consumption per day 

Estimated area 
(Ha) 

Estimated 
population per 
hectare 

Estimated 
population in the 
area 

Estimated 
water usage 
per person 
and day 

Estimated 
water usage 
in the area 
per day 
(l/day) 

6 400 15 96 000 28 l 2 688 000 

13 000 5 65 000 28 l 1 820 000 
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This is a very coarse estimation, and a source of error. 

The water demand is mostly met by shallow and deep wells. Other sources of water such as tanks 
and public taps are neglected in this estimation. Approximately 50 % of the water is from deep 
wells, 25 % from shallow wells and 25 % from rivers (Ministry of water and environment, 2018). 

In the area there is a large production of cattle, which also consumes water. In this area the 
estimated livestock density is between 51 and 75 LTU (Livestock tropical units) per square 
kilometre. It is assumed that the actual value is in the middle, 63 LTU per square kilometre. Each 

LTU is estimated to need 50 litres water per day, since the watershed area is 12 416 square 
kilometres the combined water demand from livestock is 39 110 m3 per month (Ministry of water 
and environment, 2013). The water demand is assumed to be met by deep and shallow wells in 
the same proportion as the domestic demand.  

 

Climate data 

Since the data is very sparse in this region during the time period of interest, the climate data 
used is modelled.  

Precipitation: 

 

Figure 10: monthly precipitation (mm/month) (Sheffield et al., 2006) 
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Reference evapotranspiration: 

 

Figure 11: Reference evapotranspiration (mm/month) (Sheffield et al., 2006) 

Windspeed: 

 

Figure 12: Windspeed (m/s) monthly average (Sheffield et al., 2006) 
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Relative humidity: 

 

Figure 13: Relative humidity (%) (Sheffield et al., 2006) 

Temperature: 

 

Figure 14: Average monthly temperature C (Sheffield et al., 2006) 
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Discharge data: 

The data used for calibration of the models are discharge data through the outlet of the 

watershed. 

 

Figure 15: Discharge (m3/s) through the outlet point (Sheffield et al., 2006) 

Method  

A simplified model of the case study catchment was built in both programs, the models were then 
calibrated using the observed discharge through the outlet of the watershed. In the following 

section the procedure for each of the modelling tools are described. The specific data used for 
each tool is also specified in this chapter. 

SWAT 

ArcGIS was the graphical interface used when modelling with SWAT in this case study, therefore 
the software will be called ArcSWAT from this point on. ArcGIS is the most commonly used 
interface for SWAT. 

Preparation of data 

There is not a lot of preparation of data needed in order to import it into ArcSWAT, the file 

formats supported by ArcSWAT are the same as the downloaded data. The only preparation that 
needs to be done is to transform the data into a projected coordinate systemin this case study 
WGS 1984 World Mercator was used for all layers. The data was also clipped to the area of 
interest, otherwise the loading of data might take a long time. 

Watershed delineation  

The delineation was performed using DEM data over the area. To be able to add the DEM file it 
had to be transformed to a projected coordinate system, this was done in ArcGIS. The DEM file 
has a cell size of 30 m (NASA JPL, 2009) 

The delineation process is intuitive and simple to follow since the process is done step-by-step. 
The user can define a threshold number that define how large of an area that needs to flow into 
a cell for it to be classified as a stream. In this case study that threshold number was set to 2000 
HA. There is a possibility to use a predefined watershed and river network as well, this was 

however not used or explored further in this case study.  
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Figure 16: delineated watershed, done in ArcSWAT 

Definition of land use and soil types 

ArcSWAT uses HRUs (Hydrological Response Units) to represent different land uses, soil types 
and slopes. To create the HRUs land use-, soil cover- and slope data are used to determine areas 
with similar hydrological response.  

The original land use data contains a lot of categories, when importing the data into ArcSWAT a 

user table for how to reclassify the land use categories and translating them into something that 
SWAT understands (Arnold et al., nd), this is done with a user table. The land use data were 
reclassified into: 

• Mixed forest 

• Generic agriculture land 

• Pasture 

• Mixed urban 

• Water 

This is a simplification and the land use classes can be a lot more detailed, for instance can 
different crops, urban density etc be defined in this section. 
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Figure 17: Land use in the watershed area  

When using soil cover data from outside the US there are some additional steps to take. The 

default database for soil cover in ArcSWAT only cover soil types that are found in the US. To solve 
this problem a FAO soil database is downloaded, and the default database is replaced by an FAO 
database (Gűngör, 2014). The soil cover data is then imported into ArcSWAT.  
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Figure 18: Soil cover in the watershed area 

The slope data is taken from the already imported DEM, but the definitions of different slope 

classes must be made. In this case 5 different slope classes were used: 
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Figure 19: Slope class definition 

The reason for the partition seen in figure 19 above, is that most of the watershed will have a 
slope that is less than 50 % of the maximum slope, and therefore it was deemed more important 

to have finer classes where it was less steep.  
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Figure 20: The steepness of the slopes inside the watershed area 

Climate data 

The parameters that are imported in the model are precipitation, temperature, , windspeed and 
relative humidity. The solar radiation is not known in our case study, so this value will be 
modelled by the program, while the rest of the parameters are inputted into the tool. 

Water usage 

Since all of the irrigation of crops is assumed to be rainfed, the water demand from the aquifers 
in the watershed will come from livestock animals and households. ArcSWAT is given monthly 
values for this water usage that are the same for each year.  

To implement water usage into the model, the database, .wus, used by the program must be 

altered. In the .wus database one must specify how much water that is consumed, in what sub 
basin it is as well as how much of the water is taken from the reach, ponds, shallow aquifers and 
deep aquifers.  

In order to represent the domestic water usage in the model, the simplification was made that 
each areas water demand should be taken from one of the subbasins in the area. This water is 
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considered consumed and not returned to the system. There is however an option to return the 
water to the watershed with point sources, but this is not done in this case study. 

The water demand is given as monthly average daily values for deep- and shallow aquifers as well 
as the reach for each sub basin. The water demand is assumed to be constant. For the domestic 
demand the two subbasins with highest population density is assumed to be the only areas with 
a domestic water consumption. For the water demand by livestock, the total demand is split into 
three equal parts and distributed between three subbasins with a lot of pasture. 

Table 4: Water usage in each sub basin 

Sub basin Deep aquifer 
(104m3/day) 

Shallow aquifer 
(104m3/day) 

Reach  (104m3/day) 

15 0.1344 0.0672 0.0672 
17 0.091 0.0455 0.0455 
23 6516 3258 3258 
13 6516 3258 3258 
22 6516 3258 3258 

 

 

Calibration 

Calibration of the ArcSWAT model was conducted by changing parameters one at a time. The 
parameters that were changed were how much water from the shallow aquifer could percolate to 
the deep groundwater, how much of the soil moisture could evaporate as well as some of the soil 
properties such as moisture content. 

 

MIKE SHE 

MIKE SHE is a flexible modelling tool, in the following section the procedure for when the 

following choices are made: 

Time step: 24 h 
Overland flow: Finite difference and successive overrelaxation 
Unsaturated flow: 2-layer UZ 

Preparation of data 

To import data to MIKE SHE the MIKE ZERO toolbox was used in order to transform the GIS 

files into a .dfs file, which is the file format used in MIKE SHE.  

Delineate watershed 

The watershed cannot be delineated in MIKE-SHE, therefore the watershed delineation 
performed with ArcSWAT was used. A DEM file over the watershed is needed by the model, a 
DEM file with a spatial resolution of 100 m was used. 

Definition of land use and soil types 

A land use map was used to determine the vegetation and define the vegetation properties. The 
land use was classified in the same way as in ArcSWAT; forest, pasture, agriculture, water and 
urban. The data needed to define the vegetation properties are leaf area index and root depth, 

these values can be entered as constant values or timeseries files.  

The forested land will not have a substantial change in leaf area index or root depth during the 

year, there for both values are given as constants. 

There are many different crops growing in the area, but it is assumed that most of the area will 
be growing maize, these values are not constant and will change over the seasons. However, a 
lack of data forces a simplification, both root depth and leaf area index will be kept constant. Root 
depth is estimated to 2 m and LAI to 2 (Steduto et al., 2012). 
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The pasture will change over the seasons, with growing periods and droughts. Hence, a timeseries 
file for the leaf area index (LAI)and root depth is appropriate. However, lack of data forces a 

simplification and both root depth and lead area index will be kept constant.  

Neither the water or the urban areas have a leaf area index or a root depth, here constant values 
of zero are chosen, that will model these land use classes appropriately.  

Table 5: Vegetation characteristics 

Land use  Leaf area index Root depth (mm) 

Forest 7 6000 
Pasture 5 200 
Agriculture 2 2000 
Water 0 0 
Urban 0 0 

 

Soil properties are entered using a soil map. To define soil properties data water content at 

saturation, water content at field capacity, water content at wilting point and saturated hydraulic 
conductivity are needed. All of these values are given as constants. 

The only value that can be directly derived from the FAO soil database was the saturated 
hydraulic conductivity. For the other values the texture specified for each soil was used for finding 
generic values. 

Table 6: Soil properties (Peace corps, 1994) 

Soil type Saturated 
hydraulic 

conductivity 
[m/s] 

Water content 
at saturation 

Water 
content at 

field capacity 

Water 
content at 

wilting point 

Fo42-3b 9.3e-010 0.5 0.1 0.05 
Fo43-2b 1.08e-008 0.6 0.2 0.05 
Af32-2ab 1.66e-010 0.6 0.2 0.12 
Tm9-2c 1-09e-009 0.63 0.23 0.12 
Nh2-2c 2.2e-009 0.63 0.23 0.12 

Tm10-2bc 6.87e-010 0.63 0.23 0.12 
 

For MIKE SHE some additional parameters are needed to be specified. Manning number, 
detention storage and initial water depth are needed to define the overland flow.  

Table 7: additional parameters 

Parameter Value 

Manning’sM 0.2 
Detention storage 2 mm 
Initial water depth 0 m 

 

Climate data 

The climate data needed for MIKE SHE is precipitation and reference evapotranspiration. To 
input the climate data the monthly precipitation and reference evaporation is converted into the 

MIKE SHE- format .dfs0 file.  

Water usage 

There is no obvious way to implement any kind of water usage in MIKE SHE. Therefore, any 
water usage is not included in this model. 
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Calibration 

In order to calibrate the model, the parameters hydraulic conductivity at saturation, water 
content at saturation and Manning number were changed one by one. 
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RESULTS 

In this chapter the results from the literature review and the case study will be presented. The 

results focus on the criteria described in section 3.1. The chapter is divided in two parts, where 
the first is the results from the literature review and from gained experience when using the tools, 
the second part is the results from the case study.  

LITERATURE REVIEW 
In the following section the criterions are evaluated for MIKE SHE, ArcSWAT and WEAP. For 

MIKE SHE and ArcSWAT the evaluation is based on the literature review and gained experience 
from modelling the case study. For WEAP the criterions are evaluated based on the literature 
review and modelling a basic tutorial. For this reason, all criterions, such as learning curve and 
input data will not be evaluated for WEAP. 

Characteristics 

All three tools and model the main hydrological processes such as overland flow, groundwater 

flow, percolation and infiltration. The biggest difference between the tools are that in MIKE SHE 

the user can quite freely choose what processes and equations that are to be used, while in 
ArcSWAT and WEAP that is not an option. 

MIKE SHE is a fully-distributed model while ArcSWAT and WEAP is a semi-distributed model. 
In MIKE SHE the time step is flexible, ArcSWAT only have a daily time step and WEAP has a 
monthly or yearly time step. 

All programs can be linked with other programs. MIKE SHE can be linked with MIKE Hydro 
River, MIKE 11 and MOUSE, ArcSWAT can be linked with MODSIM and MODFLOW and WEAP 
can be linked with MODFLOW. 

ArcSWAT is free to use and open source, while MIKE SHE and WEAP are not. 

Application 

No feature for changing the land use over time was found in either of the modelling tools. 

All modelling tools can be used to model climate change, but the data needs to be imported and 
a feature calculate the change in e.g. precipitation for different climate scenarios has not been 
found. 

In ArcSWAT and WEAP the water demand, both domestic and for livestock, as well as 

hydropower plants can be modelled directly, in MIKE SHE that is not possible. 

User experience 

The goal of this criterion is to evaluate how easy it is to build a functional model without any prior 
knowledge in the program. Parts of this will be subjective, like how steep the learning curve is 
and how intuitive the tools are.  

MIKE SHE had the steepest learning curve, partly since ArcSWAT was in an ArcGIS environment 
and therefore more familiar. Partly because ArcSWAT is open source and has many useful 
tutorials while MIKE SHE has not.  

MIKE SHE and WEAP are easy to download and install since they are not a plug-in, all one needs 

to do is download and install one program. ArcSWAT demands little more computer skills to 
install, but this is not too big of an issue. MIKE SHE demands a lot more computer power than 

the other in order to run. Since it is a fully distributed model, a simulation can take many hours 
or even days to run, this poses some problems when calibrating since each run takes a lot of time. 

Data requirement 

If necessary data is attainable focuses on the data that was used in the case study, since MIKE 
SHE gives the user an opportunity to choose what equations and modules to use, the choices that 
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were made in the case study and the availability of the data needed for these are evaluated. Since 
data for vegetation and soil properties is available in ArcSWAT’s database the data is more 

attainable in ArcSWAT than MIKE SHE. Some datasets that are needed for MIKE SHE is not 

easy to find, for instance Leaf area index, root depth and the soil properties needed are hard to 
find.  

The data is a bit more challenging to input into MIKE SHE, since all layers needs to be converted 
and handled in a very specific way, in order to be accepted by the program. ArcSWAT uses the 
same format that the input data is downloaded as.  

Model output 

The scope of this criterion is to assess how simple and straightforward it is to calibrate and 
interpret the results that are compiled. How easy a model is to calibrate and interpret will always 
be subjective since it is more of an opinion than a fact. 

ArcSWAT was perceived as the easier one of the models to calibrate, mostly due to its significantly 

shorter runtime. What parameters to change were more intuitive when using ArcSWAT. Some of 

the parameters that were used to calibrate MIKE SHE, such as Manning’s number, are 
conceptually hard grasp, and how a change in that parameter will affect the output result is very 
abstract. 

The interpretation of results in MIKE SHE is simple. Many different results are available as maps 
that change with time, and there is a possibility to plot various kinds of results as timeseries. In 
ArcSWAT the results are only available as text files, in WEAP the results are represented by 

graphs. 

Comparison of criteria 

The criteria were evaluated and scored, how they were scored is explained below. The criterion 
is either given a score between - and +++, with – meaning that the modelling tool does not meet 
the criterion in any way and +++ meaning the tool is meeting every aspect of the criterion. Some 
of the criterions cannot be evaluated for WEAP, these are marked by ---. Other symbols that are 

used is explained below. 
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Table 8: Explanation on how the characteristics are scored 

Characteristics Explanation of scoring 

Spatial distribution F= fully distributed, S= semi distributed 
 

Temporal distribution H= hourly, D= daily, M= monthly, 
Y=yearly 

Model approach P= physical, C= conceptual, S= statistical 
Open source Yes or No 

 
Linkable programs A higher score is given if there are 

linkable programs available to the tool 
Possibility to model different crops and 
irrigation 

Yes or No 

Possible to model climate change Yes or No 
Possible to model water usage Yes or No 
Possible to model hydropower plant Yes or No 
Learning curve A higher score is given if it is easy to learn 

how to use the modelling tool. 
Tutorials A higher score is given if there are good 

and useful tutorials available. 
Download and installation A higher score is given if it is simple to 

download and install the program. 
Intuitive/user experience A higher score is given if the program is 

intuitive and simple to use 
User forum A higher score is given if the user is active 

and has many users. 
Computer requirements A higher score is given if the model is fast 

to run 
 

Change of scenarios; climate, crops etc. A higher score is given if it is easy to 
change between scenarios and to change 
the input data. 

Attainability of data A higher score is given if the data 
necessary is available 

Input of data A higher score is given if the data is easy 
to input into the program e.g. how much 
the data needs to be pre-processed 

Flexibility A higher score is given if the modelling 
tool is flexible regarding what processes 
that are included and what equations are 
used. 
 

Format of output data A higher score is given if the output data 
is available in several different formats. 
 

How easy the results are to interpret A higher score is given if there is a 
graphical representation of the results in 
the program. 
 

Calibration and validation If the process of choosing and changing 
parameters is intuitive and simple a 
higher score is given 
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Table 9: Comparison of the criterions used for evaluation of the modelling tools 

Characteristics MIKE SHE ArcSWAT WEAP 

Processes modelled See chapter 
2.4.2.1 

See chapter 
2.4.1.1 

See Chapter 
2.4.3.1 

Spatial distribution F S S 
Temporal distribution H, D, M D M, Y 

Model approach P P C 
Open source No Yes No 

Linkable programs +++ +++ ++ 
Application    

Possible to model different crops and 
irrigation 

Yes Yes Yes 

Possible to model climate change Yes Yes Yes 
Possible to model water usage No Yes Yes 

Possible to model hydropower plant No Yes Yes 
User experience    

Learning curve + +++ --- 
Tutorial + +++ +++ 

Download and installation +++ ++ +++ 
Intuitive/user experience + +++ ++ 

User forum + +++ +++ 
Computer requirements + +++ +++ 

Change of scenarios (crops, climate) +++ + +++ 
Data requirement    
Is required data attainable + ++ --- 

Input of data in the program ++ +++ --- 
Flexible, turn off/on modules +++ - --- 

Model output    
Format of output data +++ + ++ 

How easy the data is interpreted ++ + --- 
Calibration and validation of model + + --- 

CASE STUDY 
The case study results show how the output from the programs corresponds with observed flows 

and flows predicted by an existing WEAP model. The WEAP model is not calibrated for this exact 
outlet, it is calibrated to a outlet further down.  
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Figure 21: Graph over model output from ArcSWAT compared to observed data 

 

In figure 21 above the modeled data from ArcSWAT and observed data is shown. The ArcSWAT 
model overestimates the flow but follows the form of the observed data rather well. Since the 
model constantly overpredicts the base-flow is possibly too high. 
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Figure 22: Flow duration curve – ArcSWAT 

In the glow-duration curve seen above in figure 22, it is clear that the ArcSWAT model 

overpredicts the flow, except for the 5 % highest flows, where the model underpredicts the flow.  

 

 

Figure 23: The ArcSWAT results compared with observed values and results from an existing model in WEAP 

The results from ArcSWAT and WEAP model have similarities, but the ArcSWAT model, models 
the observed data better. It is important to mention that the WEAP model is not calibrated for 
this specific outlet, as it is calibrated for an outlet further downstream. 
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Figure 24: Results from MIKE SHE 

As seen in figure 24 above, the results from MIKE SHE is not satisfactory and need more 
calibration in order to represent the watershed in a proper way.  
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DISCUSSION AND CONCLUSION 

I this section the results presented above are discussed. 

MODEL SELECTION 
The market research was conducted by searching for hydrological modelling tools online and in 
research reports. When making the selection of which tools to proceed with some features were 
deemed more important than others. Some type of graphical interface, tutorials and/or manuals 

available and that were applicable to both to the NEXUS concept and  the case study were the 

ones that were most important. 

Some modelling tools were discarded rather quickly, due to for instance a lack of graphical 
interface or sparse documentation over the model. Others were downloaded and tried but lacked 
good tutorials or manuals, which made the process of modelling in them too challenging. Some 
of the modelling tools were not suitable for the case study since they were developed for different 
spatial scales. 

ARCSWAT 
When it comes to modelling in ArcSWAT, it is very intuitive if one is familiar with ArcGIS. It has 
a step/by/step approach that is easy to follow, but if one wishes to go back and change something 
this will most likely lead to that the files get corrupt, and the whole model needs to be remade. 
There is also a lot of odd errors that can occur, and it is not always clear why or how to fix them. 

One important thing to do, in order to remove some of these errors is to make sure that the 
computer is set to US settings concerning language and keyboard.  

One of the benefits with ArcSWAT is that it has a great user community, and since it is open 
source there is a lot of tutorial videos that can be very helpful to beginners. There are a lot of 

additional programs that are compatible with SWAT that can be used for automatic calibration 
and result display, one could wish that these were a part of the program. 

The biggest con of ArcSWAT is when modelling an area outside the US it takes a lot of time to 
adjust the databases that SWAT use for weather and for soil. There is a lot of help on how to do 
this on different user forums and the SWAT website, but especially for the soil data, it is not 
simple. This is however something that must be done just once, but one could wish that these 
databases were already imported into SWAT, especially since the software has a lot of users 

outside the US. 

To calibrate the model, the databases need to be altered. This is tricky and not as intuitive since 
which parameters that needs to be changed is not easy to find by looking in the manual. Although 
there are a lot of helpful tips on the user forums. The SWATCheck tool is a very useful help when 
calibrating, since it analyses the results and flags on where there might be something wrong. The 
tool is also very good at giving the user a conceptual understanding of the results.  

The ArcSWAT model can model most of the Nexus perspectives, such as agriculture, climate 

change, hydropower plants and different types of water demand. 

MIKE SHE 
MIKE SHE is a very comprehensive model that overall is user friendly, but a novice user without 
training or help from someone more experienced will encounter some difficulties. The biggest 
difficulty is that it is not very intuitive, it is tricky to prepare the data, to understand what data 

that is necessary and how to input property tables.  

DHI has a user forum for all their software’s, MIKE SHE included. The answers one can find here 
are very helpful, but there are not a lot of questions so finding an answer to a specific question 
might be hard. However, one can always post a question and wait for a response.  
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One difference between the softwires is that ArcSWAT uses database values to simulate root 
growth, change of leaf area index etc., in MIKE SHE these values has to be put in as timeseries 

files. This is a disadvantage if the modelling area is not very well documented, and generic values 

for root depth and leaf area index for different vegetation types are not accessible.  

Calibrating the model manually is not easy. That every run of the model takes a long time is one 
factor, another factor is that it is conceptually hard to grasp how a change in the parameters that 
are changed will affect the output of the result. 

The MIKE SHE model lacks the possibility of modelling some of the Nexus perspectives, it is 
possible to model agriculture and climate change, nut it is not possible to model hydropower 
plants or water demand using just MIKE SHE. 

RESULTS FROM CASE STUDY COMPARED WITH WEAP 
ArcSWAT models the peaks of the flow quite well, even though it continuously overpredicts the 
flow in the reach. This could be due to poor calibration, too many simplifications or problems 

with the data. Since the model that was built in ArcSWAT was simplified in terms of vegetation 
properties and land use, this could have a big impact on the results. Since the model constantly 
overpredicts the flows, the baseflow is probably too high. This could be caused by not enough 
evapotranspiration or too little infiltration to the deep groundwater.  

The MIKE SHE results from the case study are not satisfactory since the modelled output does 
not have any resemblance to the calibration data. This could be due to for instance bad 
calibration, simplifications when building the model or an error that was not found. Extreme 
value was tired for the parameters that were used to calibrate the model, but the impact on the 
output results was very small. This is possibly caused by using the wrong parameters for 
calibrating the model, or an error with the model or the data that was used. In order to find what 
is wrong and fix it, more time and expertise in the MIKE SHE software is needed. 

SOURCES OF ERROR 
For the case study results there are some sources of error.  

One source of error is that the data is from different time periods. The simulated period of time 
is 1966 to 1970, there for the climate data is from this period, while the population data is from 
2015, the land use data from 2014 and the topography from 2009. The topography probably has 
not change much between 1970 and 2009 and the impact of population is not major. The land 
use however, has probably change a lot and has a major impact on the watershed. An increase 

of agriculture land will increase the water used for irrigation and an increase of urban areas will 

increase the runoff.  

Another source of error is the simplification of the land uses. All of the agriculture land is 
assumed to be homogenous, while multiple crops are known to grown in the area. The forest is 
also assumed to be homogenous, while there are probably a mix of different tree types in 
different areas of the watershed. In order to refine the landcover map an inventory of the crops 

and where they are grown is needed, as well as what types of forest that grows in the area. 

The estimate of the water demand in the area is also a source of error. The assessment of the 
water demand builds on a lot of estimations, such as the population, average water usage per 
person, how many livestock animals that are in the area and how much water the livestock 
requires per day. All of these numbers are rough estimations, therefore the water usage have a 
big uncertainty.   

For the ArcSWAT model there are some specific sources of error. One is the vegetation 
properties that are used from the ArcSWAT database. The vegetation properties are general and 
not specific for this region. Therefore, they are not a perfect representation for the region that 
are modelled.  
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The MIKE SHE model also have some specific sources of error. The vegetation properties are 
generalised and estimated, this is a source of error since the vegetation has a significant impact 

on the watershed. Another is the Manning number, this parameter is estimated and one of the 

parameters that are used in order to calibrate the model since the model is very sensitive to this 
parameter. The soil properties saturated hydraulic conductivity and water content at 
saturation, field capacity and wilting point are also estimated values, and sources of error.  

CONCLUSION 
The conclusion of this thesis is that the ArcSWAT modelling tool is the prefeered model to use 

for Nexus assessment. The reason for this is that ArcSWAT is more user-friendly for a novice 
user than MIKE SHE, it is able to model Nexus better as well as it requires more easily 
attainable data. Since the results from the case study is incomplete, they are not a factor in this 
conclusion. 

FURTHER STUDIES 
Further studies that are recommended is to model an area in more detail and compare the results 

in order to evaluate how well the different modelling tools represent a watershed. 
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