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Abstract 1.1 
The global problem of eutrophication, the enrich-
ment of water bodies by nutrients, has in recent 
years resulted in an increased interest in non-
conventional ways to reduce the amount of nutri-
ents discharged into the environment. One com-
monly proposed and used solution is to append 
artificial or constructed wetlands as a final step in 
the treatment of wastewater. However, both the 
construction of the wetlands and the maintenance 
thereof are time and resource consuming, hence a 
high production and maintenance cost. Due to 
these high costs, tools for modeling and simulation 
have turned out to be valuable asset in the devel-
opment of constructed wetlands.  

In this paper, two ecological models of nitrogen 
processes in treatment wetlands have been evalu-
ated and compared. These models were imple-
mented, simulated, and visualized in the Modelica 
language [5]. The differences and similarities be-
tween the Modelica Model and other tools for eco-
logical modeling have also been evaluated.  

1. Evaluation and Analysis Methods 
The approach to the evaluations and analyses has 
been the following: 

1. A number of important features for each model-
ing tool/model has been found and evaluated 
using the McCall method [7]. 

2. A comparative analysis has been made to de-
termine the differences and similarities between 
the models or modeling tools or models and the 
advantages and disadvantages of different ap-
proaches in the models or modeling tools. To 
ensure that as many differences and similarities 
as possible are found the comparative analysis 
has been made in four ways (see Section 1.2). 

3. The significance and consequence of the differ-
ences in the features has been discussed.  

Evaluation Method 
The evaluation method used in this thesis is a 
qualitative method. Each of the features has been 
determined by observation of the model or model-
ing tool, and the total quality has been measured on 
a relative scale, depending on the quality per-
ceived. This increases the risk of a subjective 
evaluation. To increase the objectivity, the chosen 
features have been categorized only as present or 
absent in the modeling tools or models.  

In the model evaluation, two models have been 
simulated and evaluated in this thesis. These mod-
els are described in Evaluation and Comparison of 
Ecological Models Simulating Nitrogen Processes 
in Treatment Wetlands, Modeled in Modelica [5]. 
As the models are written in Modelica, the focus of 
the evaluation is on the functionality and features 
available in the Modelica implementation of the 
models. Consideration has been taken to the possi-
bilities and limitations of the programming lan-
guage when determining features to evaluate.  

In the modeling tool evaluation, the MathMode-
lica Model Editor has been compared with tools 
commonly used for ecological modeling. These 
tools have been found by searching the internet for 
modeling tools specifically used for modeling eco-
logical systems. Note that tools not commonly 
present on the internet may have been overlooked 
in this search. A prerequisite for the tools to be 
considered for the evaluation has been the exis-
tence of a graphical interface.  

The focus of the modeling tool evaluation is 
mainly on the functionality and not on the specific 
programming languages of the modeling tools. For 
the common user, this functionality is expressed 
through the graphical interface, and consequently, 
it is the functionality available from the graphical 
interface that is the subject of this evaluation. 

For each modeling tool, a model similar to the 
wetland Nitrification/Denitrification model (see 
Section 2.2) has been created, although the equa-

 



 
 

tions and processes in the model have been simpli-
fied. What is important in this evaluation is not that 
the modeling tools can produce an exact copy of 
the Nitrification/Denitrification model, but that 
sufficient equivalents of all the necessary functions 
and parts of a wetland can be found and used. 

First, for both evaluations, a number of major 
factors have been chosen from McCall’s quality 
factors [7]. The factors chosen are: 

• Correctness - Extent to which a program satis-
fies its specifications and fulfills the user’s mis-
sion objectives. 

• Flexibility - Effort required to modify an opera-
tional program. 

• Interoperability (only for the modeling tool 
evaluation) - Effort required to couple one sys-
tem with another. 

• Maintainability - Effort required to locate and 
fix an error in an operational program. 

• Reusability - Extent to which a program can be 
used in other applications. 

• Usability - Effort required to learn, operate, 
operate, prepare input, and interpret output of a 
program. 

From these factors, a number of criteria equiva-
lent to McCall’s quality criteria have been chosen. 
Some of the criteria influence several factors. Not 
all criteria listed for each factor are present. This is 
because no interesting elements have been found 
for these criteria. The criteria and the factors they 
influence are shown in Table A and B. 

To ensure that all features interesting for the 
model comparison are evaluated, McCall’s criteria 
have been complemented with the model and the-
ory criteria Efficiency, Generality, Model Condi-
tions, Systematics and Validity from “Vetenskap-
steori och forskningsmetodik” [8]. The criteria 
Efficiency and Generality are equivalent to 
McCall’s Operability and Generality criteria, re-
spectively. Model Conditions, Systematics and 
Validity have been added to the model evaluation, 
influencing the proper factor (see Table A). 

Second, a number of important major features 
have been recognized. The model features are spe-
cific for the purpose of simulating nitrogen loss in 
a wetland and constitute the Traceability criteria. 
They have been found by listing the necessary 
attributes for simulation and representation of the 
model. The features are: 

• Prediction of the total nitrogen decrease. 
• Predictions of the ammonium and nitrate nitro-

gen decrease – i.e. the nitrification and denitri-
fication processes. 

• Possibility to change parameters in the simula-
tions. 

• Possibility to plot chosen parameters in the 
simulations. 

• Changes in concentration described as derivates 
with respect to a factor (time in wetland, dis-
tance in wetland, fraction of wetland etc). 

The modeling tool features have been found by 
listing the necessary attributes for simulation and 
representation of the wetland model and are all part 
of the Completeness criteria. The features are: 

• Representations of the physical parts of a sys-
tem. 

• Flows/connections between the different parts 
of the system. 

• Equations specifying system reactions. 
• Variables specifying different values that can 

be measured or calculated in the system. 
• Diagrams showing variables changes over time. 

Third, for each of the criteria, a number of ele-
ments have been chosen (Table A and B). These 
are features that are important for the quality of the 
wetland model or modeling tool. Two or three 
elements have been chosen for each criterion ex-
cept for the model Traceability criterion and the 
modeling tool Completeness criterion. These crite-
ria have more elements since elements correspond-
ing to and evaluating the attributes of the model or 
modeling tools are all put in these criteria.  

Some of the elements might be placed in more 
than one criterion. To avoid imbalance in the 
evaluation, the elements have only been placed in 
the criteria they are considered most suited for. 

The McCall factors Efficiency, Integrity, Inter-
operability (for the model evaluation), Portability, 
Reliability and Testability have not been consid-
ered in this evaluation.The reason is that these 
factors do not address the proper issues for this 
evaluation or that the models used in the evalua-
tions are too small to be proper study objects for 
the factors. 

1.2 Comparative Analysis Method 
The comparative analyses in this thesis have been 
made in four ways: 

1. By adding the features together and analyzing 
them using McCall’s method [7] to determine 
the quality ratings of each model or modeling 
tool. 

2. By using a correlation analysis to see if there 
are some mathematical similarities or differ-
ences between the model or modeling tools. 

 



 
 

3. By analyzing the data from the evaluation with 
a purely qualitative analysis, a simple variant of 
the Constant Comparative Method [3].  

4. Finally, by specifying differences and similari-
ties noted while analyzing the data, especially if 
they are between entire criteria.  

The methodology of adding quality features is 
the same as the methodology used by McCall [7]. 
McCall uses the defined set of metrics to develop 
expressions for each of the factors according to: 

Fq = c1 x m1 + c2 x m2 +… + cn x mn

where Fq is a software quality factor, cn are regres-
sion coefficients and mn are the metrics that affect 
the quality factor.  

The equation for the correlation coefficient used 
is:  

 
where x and y are the sample means of the two 
arrays. 

The Constant Comparative Method is a method 
used to classify different phenomena into different 
categories and from these categories find a theory 
that states the major qualitative feature of the stud-
ied objects. The Constant Comparative Method 
consists of four stages [3]. 

In the first stage the analyst starts by coding 
each incident in the data into as many categories as 
possible, as categories emerge or as data emerge 
that fit into an existing category. While coding an 
incident for a category it is important to compare it 
with the previous incidents in the same and differ-
ent groups of the same category.  

In the second stage, the method changes from 
comparison of incident with incident to compari-
son of incident with properties of the category that 
resulted from initial comparison of incidents.  

In the third stage, the theory begins to develop, 
in that major modifications become fewer and 
fewer as the analyst compares the incidents of a 
category to its properties. Non-relevant properties 
are removed, modifications are made to clarify the 
logic and details are integrated into the categories. 
Reduction is important in this stage. In this con-
text, reduction means that the analyst may discover 
underlying uniformities in the original set of cate-
gories or their properties, and can then formalize a 
theory with a smaller set of higher properties [3].  

In the fourth stage, the analyst produces, writes 
and formalizes the theory.  

1.2.1 Realization of the Comparative Analy-
sis Method 

First, the quality scores have been calculated for 
the ecological models and modeling tools, accord-
ing to McCall’s methods [7]. The calculations for 
each factor in this thesis are: 

Criterion = Number of yes for criterion / Num-
ber of elements in criterion  

Factor = Criterion1 + Criterion2 + … + Crite-
rionn / Number of criteria in factor 

In this thesis, the same method has also been 
used to calculate the total quality.  

Total quality = Factor1 + Factor2 + … + Factorn 
/ Number of Factors 

As these calculations weigh each criterion 
equally, the results may be imbalanced. In this 
thesis, weighted values have been calculated for 
the Correctness factor and the Traceability (mod-
els) or Completeness (modeling tools) criterion as 
they contain many of the total elements. The factor 
and the criteria have been weighted to get the same 
relative importance as the other elements (Table 3). 
To further guarantee that the wrong conclusions 
are not drawn from imbalanced results the total 
quality has also been calculated without considera-
tion to the criteria or factors, as follows: 

Total quality = Number of yes for each model-
ing tool / Number of total elements 

Second, the correlation analysis has been made 
by calculating the correlation coefficient between 
all evaluation objects, using all elements as 
measurement basis for the calculations. 

Third, a very simple variant of the Constant 
Comparative Method has been used. The analysis 
has compared the results of the evaluation, i.e. 
which elements are present or absent. The elements 
listed in Table A and B in the Appendix are con-
sidered equivalent to the incidents of the Constant 
Comparative Method. In this simple analysis, the 
first two stages of the Constant Comparative 
Method have been done in one step, as has stage 
three and four. 

Fourth, noted differences and similarities found 
while analyzing the data have been specified, espe-
cially if the differences/similarities can be attrib-
uted to entire criteria.  

To increase the objectivity and accuracy of the 
evaluation, the modeling tools have not only been 
compared to Model Editor, but also to each other. 

 



 
 

2. Evaluated Models 3.2 Simile 

2.1 

2.2 

3.1 

Total Nitrogen Model 
The model and equations for simulating total ni-
trogen is from the paper “Modelling nitrogen re-
moval in potential wetlands at the catchment 
scale” by Arheimer and Wittgren [1]. In this paper, 
nitrogen removal in the wetland is described with a 
simple first-order model. The wetland is viewed as 
a completely mixed batch reactor. The model as-
sumes a constant flow of water and is therefore not 
suitable when the wetland receives a natural and 
variable water flow. As treatment wetlands receive 
a relatively constant flow, this is not a problem for 
the simulations of this contribution.  

The Total Nitrogen Model has no graphical rep-
resentation. This is because the entire model would 
only consist of one single component with no 
flows to other components. 

Nitrification/Denitrification Model 
In the Nitrification/Denitrification Model, the wet-
land has been divided into several layers, each 
constituting a plug flow reactor (PFR). Flows of 
nitrogen go between the different unmixed layers, 
simulating the flow of nitrogen within the wetland. 
The layers consist of a water body, an aerobic 
sediment layer and several anaerobic sediment 
layers. The purpose of this division is to simulate 
the different rates of nitrogen processes within the 
wetland depending on the oxygen level and other 
factors.  

The Nitrification/Denitrification model is mod-
eled after Kadlec & Knight [4] with some influ-
ences from Martin & Reddy [9]. A graphical repre-
sentation of the model is shown in Figure 6. 

3. Evaluated Modeling Tools 

PowerSim Studio 2003 
PowerSim is an integrated environment for creat-
ing and running simulation models [10]. It uses the 
graphical modeling language known from the sys-
tem dynamics method to model a system. The tool 
uses presentation objects like graphs and tables, 
and has linking capabilities. A model is created by 
using a number of elements and connections.  
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Figure 1. The wetland model modeled in Power-
Sim, including variable and constant examples. 

Semantic Interoperability of Metadata and Infor-
mation in unLike Environments (Simile) is a soft-
ware tool for computer simulation of dynamic 
systems in the earth, environmental and life sci-
ences [11]. It uses a logic-based declarative model-
ing to represent the interactions in these systems in 
a structured, visually intuitive way. It also uses the 
graphical modeling language known from the sys-
tem dynamics method. 

Waterbody SedimentAerob SedimentAnaerobTop SedimentAnaerobBottomSedimentAnaerobInter

variables2* variables3* variables4* variables5*

Air

variables1*

Ground

variables6*

flow1 flow2 flow3 flow5flow4 flow6

Figure 2. The wetland model modeled in Simile, 
including variable examples.  

3.3 Stella 
Structural Thinking, Experiential Learning Labora-
tory with Animation (Stella) was developed for 
general modeling education. It builds and simu-
lates models of dynamic systems and processes 
[12]. The graphical interface allows the user to 
build mathematical relationships without any 
knowledge of programming. Using the graphical 
modeling language known from the system dynam-
ics method, the user can construct a map of a proc-
ess or system.  

Air WaterBody SedimentAerob SedimentAnaerobTop SedimentAnaerobInter SedimentAnaerobBottom Ground

Flow1 Flow2 Flow3 Flow4 Flow5 Flow6

Variables1 Variables2 Variables3 Variables4 Variables5 Variables6  
Figure 3. The wetland model modeled in Stella, 
including variable examples. 

3.4 WEST 
World wide Engine for Simulation, Training and 
Automation (WEST) is a modeling and simulation 
environment for any kind of process that can be 
described as a structured collection of Differential 
Algebraic Equations (DAEs) [13]. It allows for 
graphical component-based modeling and offers an 
environment for the modeling and simulation of 
different processes such as wastewater treatment 
plants, rivers, sewers and other water management 
systems.  

   Air   WB  SA    SAT   SAI   SAB        Ground 

 

Figure 4. A simplified example of the wetland model 
modeled in WEST. 

 



 
 

3.5 MathModelica Model Editor 
The 2004 version of MathModelica Model Editor 
is a graphical user interface for model diagram 
construction by “drag-and-drop” of ready made 
components from model libraries graphically rep-
resented by Visio stencils [6]. These libraries cor-
respond to the physical domains represented in the 
Modelica Standard Library or components from 
user defined component libraries. 

The basic functions of Model Editor are the se-
lection of components from existing libraries, to 
connect components in model diagrams, and to 
enter parameter values for different components 
[6].  

Figure 5. An example of the wetland model mod-
eled in Model Editor.  

4. Analysis Results 

4.1 

4.2 

Quality Scores 
Quality scores have been calculated using 

McCall’s method as described in Section 1.2.1. In 
Table 2, the number of elements present and their 
relative frequencies in the criteria are listed. In 
Table 3, the relative frequencies of the criteria are 
used to calculate the quality of each factor. The 
factors are then used to calculate the total quality 
of the modeling tool. In Table 4, the total numbers 
of elements present for each model or modeling 
tool are listed. From these elements, a value for 
total quality has been calculated. 

Note that it is the quality values in relation to 
each other that are important to study, not the exact 
quality values of each model or modeling tool. 

It seems the Nitrification/Denitrification model 
has a somewhat higher total quality, regardless of 
whether a weighted value is used or not. The total 
quality shown in Table 4 also shows a higher value 
for the Nitrification/Denitrification model. 

For the modeling tools, the use of a weighted 
value has some significance. The order between 
the modeling tools are similar no matter how the 
quality is measured, in that WEST always has the 
highest value, followed by Model Editor and the 
tools using the system dynamics method. However, 
the internal order between the system dynamics 
tools varies somewhat. These changes are probably 
due to the differences in the Completeness criteria 
between the modeling tools.  

The result for the modeling tools in Table 4 
seems to be more or less consistent with the result 

from Table 3. WEST seems to have the highest 
total quality, followed by Modelica Editor and the 
system dynamics tools. The total quality is lower 
in all cases except the total quality of Model Editor 
compared with the total quality when a weighted 
value is used. 

Correlation Analysis 
The correlation analysis is made by calculating 

the correlation coefficient for the models or model-
ing tools.  

The correlation between the Total Nitrogen 
model and the Nitrification/Denitrification model 
is 0,194. This means that is there no significant 
major difference between the two. There seems to 
be little correlation at all. This indicates that some 
model features are similar and some features are 
different, thus balancing out the score. 

As shown in Table 1, there is a relatively high 
correlation between PowerSim, Simile and Stella, 
and between WEST and Model Editor. In all other 
cases the correlation is low or very low. There is 
some indication of a significant difference, i.e. 
negative correlation, between WEST and Stella.  

The results indicate that Model Editor and 
WEST have many similarities, as have PowerSim, 
Simile and Stella.  

Table 1. Results of correlation analysis between 
the different modeling tools. The values are listed 
with three decimals. 

 PowerSim Simile Stella WEST

Simile 0.732 - - - 
Stella 0.600 0.600 - - 
WEST 0.040 0.073 -0.339 - 

Model Editor 0.047 0.047 -0.144 0.693 

4.3 Differences and Similarities Using the 
Constant Comparative Method 

Differences and similarities between the models 
have been found by using the Constant Compara-
tive method.  

The Nitrification/Denitrification model is also 
more complicated to learn in that not all variables 
are the same as in the original, and that it is possi-
ble to confuse or connect one part of the model 
with another. Both are valid, consequent and can 
only be used in related systems, and neither of 
them has any useful error messages except for 
abnormal variables. Two different categories 
emerge from this; a complex, reusable, expandable 
model, and a simple model with fewer possibilities

 



 
 

Table 2. The number of elements present for each of the criteria in the models/modeling tools and their 
relative frequencies. 

Criteria (number of 
Model/Modeling tool 
elements) 

Total 
Nitrogen 
Retention 

Nitrification/ 
Denitrification 

PowerSim Simile Stella WEST Model 
Editor 

Completeness (3/10) 1 (1/3) 3 (1.0) 3 (0.3) 4 (0.4) 5 (0.5) 7 (0.7) 8 (0.8) 
Consistency (2/2) 2 (1.0) 1 (0.5) 2 (1.0) 2 (1.0) 2 (1.0) 2 (1.0) 2 (1.0) 
Data and communica-
tion commonality (-/2) - - 1 (0.5) 1 (0.5) 0 (0.0) 2 (1.0) 1 (0.5) 

Expandability (2/2) 0 (0.0) 2 (1.0) 0 (0.0) 0 (0.0) 1 (0.5) 2 (1.0) 2 (1.0) 
Generality (2/2) 1 (0.5) 1 (0.5) 2 (1.0) 1 (0.5) 2 (1.0) 1 (0.5) 1 (0.5) 
Instrumentation (2/2) 1 (0.5) 1 (0.5) 2 (1.0) 1 (0.5) 2 (1.0) 0 (0.0) 0 (0.0) 
Model conditions (2/-) 2 (1.0) 1 (0.5) - - - - - 
Modularity (3/3) 1 (1/3) 3 (1.0) 2 (2/3) 2 (2/3) 1 (1/3) 3 (1.0) 3 (1.0) 
Operability (3/3) 3 (1.0) 2 (2/3) 2 (2/3) 2 (2/3) 2 (2/3) 2 (2/3) 2 (2/3) 
Simplicity (2/2) 1 (0.5) 1 (0.5) 1 (0.5) 2 (1.0) 2 (1.0) 1 (0.5) 1 (0.5) 
Systematics (3/-) 3 (1.0) 3 (1.0) - - - - - 
Traceability (5/-) 4 (0.8) 5 (1.0) - - - - - 
Training (-/2) - - 1 (0.5) 1 (0.5) 1 (0.5) 2 (1.0) 0 (0.0) 
Validity (3/-) 3 (1.0) 3 (1.0) - - - - - 

 
Table 3. The relative frequencies of the criteria in the models and the calculated value for total quality. 
The values are listed with three decimals. 

Factor (influencing Model/Modeling 
tool criteria) 

Total  
Nitrogen 
Retention

Nitrification/ 
Denitrification

Power- 
Sim 

Simile Stella WEST Model 
Editor 

Correctness (Completeness, Consis-
tency, Model conditions, 
2*Traceability)/(4*Completeness, 
Consistency) 

0.787 0.800 0.440 0.520 0.600 0.760 0.840

Flexibility (Expandability, General-
ity, Model conditions, Modularity, 
Simplicity)/(Simplicity, Expandabil-
ity, Generality, Modularity) 

0.467 0.700 0.542 0.542 0.708 0.750 0.750

Interoperability(-)/(Modularity, Data 
and communication commonality) - - 0.583 0.583 0.167 1.000 0.750

Maintainability (Instrumentation, 
Modularity, Simplicity, Validity) 
/(Simplicity, Instrumentation, Modu-
larity) 

0.533 0.750 0.722 0.722 0.778 0.500 0.500

Reusability (Generality, Modularity, 
Simplicity, Systematics) /(Simplicity, 
Generality, Modularity) 

0.583 0.750 0.722 0.722 0.778 0.667 0.667

Usability (Operability, Systematics) 
/(Operability, Training) 1.000 0.833 0.583 0.583 0.583 0.833 0.333

Total quality weighted (Correct-
ness*2.4) / (Correctness*10/3) 0.699 0.774 0.554 0.586 0.602 0.754 0.696

Total quality 0.674 0.767 0.599 0.612 0.602 0.752 0.640
 
Table 4. The total number of elements present for each model and the calculated value for total quality. 
The values are listed with three decimals. 

 Total 
Nitrogen Retention 

Nitrification/ 
Denitrification 

Power-
Sim 

Simile Stella WEST Model 
Editor 

All elements 22 26 16 16 18 22 20 
Total quality 0.688 0.813 0.533 0.533 0.6 0.733 0.667 

 

 



 
 

of reuse and expandability. The only thing that 
contradicts this is that both models have complex-
ity in that both cannot be understood without pro-
gramming skill. However, the Total Nitrogen 
model is still easier to understand than the Nitrifi-
cation/Denitrification model. To simplify the 
names of the categories they can be called Com-
plex Models and Simple Models.  

The theory that results from this is the same as 
the conclusion above: that the major difference 
between these categories lies in the number of 
functions and in the possibility of reuse and expan-
sion. Another theory is that the similarities be-
tween the models are that they are all consequent, 
logical, valid, specialized, and easy to use if the 
user has programming skill.  

Differences and similarities between the model-
ing tools have also been found using the Constant 
Comparative method.  

All the tools are fairly easy to use and over-
view. However, WEST and Model Editor have 
more functionality, allow for more complex mod-
eling and the creation and reuse of separate com-
ponents. PowerSim, Simile and Stella have fea-
tures that make it easier for user with little pro-
gramming experience, like built-in mathematical 
functions and useful error messages. The major 
difference between the two groups is in the possi-
bility to create and reuse separate components and 
all the complexity in these components. To sim-
plify the names of theses categories, they are called 
Complex Components and Simple Components. 
The tools in the Simple Components category of-
ten have a high uniformity, simplicity, generality 
and error handling. The users of these tools cannot 
create and define their own components. The 
Complex Components have a high completeness, 
expandability and modularity. They have more 
functionality, allow for more complex modeling 
and the creation and reuse of separate components. 

The theory that results from this is the same as 
the conclusion above: that the major difference 
between these categories is in the possibility to 
create and reuse separate components and the com-
plexity in these components. Another theory is that 
the similarities between the categories are that they 
are all consistent, easy to overview and use, if no 
new components are to be created.  

4.4 Noted Differences and Similarities 
There seem to be more criteria that are very similar 
than are very different between the two models. 
The Generality, the Instrumentation, the Simplic-
ity, the Systematics and the Validity criteria all 
show the same results. Many of these features are 

general features that have to do with error han-
dling, if there is consequence in the model and how 
easily it is handled. There is also a high similarity 
in the Operability criteria. 

There are differences between the models in the 
Completeness and Modularity criteria, although the 
difference is not total. There is, however, total 
difference in the Expandability criteria. What these 
criteria have in common is that they favor a model 
separated into several independent parts with dif-
ferent equations kept separate in independent com-
ponents as much as possible. This is difficult in a 
simple complex model as the Total Nitrogen 
model,which gives the Nitrification/Denitrification 
model an advantage over the Total Nitrogen 
model. The Total Nitrogen model seems to have an 
advantage where Consistency and Model condi-
tions are concerned, though, which probably is a 
result of it being a small simple model.  

The noted differences and similarities in the 
models are consistent with the results from the 
Constant Comparative method. 

WEST and Model Editor have much in com-
mon. Only four features of the 30 listed in Table B 
differ. Interesting is that both the features in the 
Training criteria differ. A major difference be-
tween the two modeling tools is the help file and 
manual – i.e. the help the tool provides the user to 
learn the functionality of the tool. Help features are 
virtually non-existent in Model Editor.  

The system dynamics modeling tools also have 
much in common, especially PowerSim and Sim-
ile. The differences are more spread, however, so 
no overall conclusions can be drawn. More inter-
esting is to note the differences between the sys-
tems dynamics group and the group consisting of 
WEST and Model Editor. To begin with, many of 
the Completeness features seem to be different. 
The flexibility of WEST and Model Editor that 
allows for modification of existing components is 
higher than for the system dynamics tools. The 
Expandability criteria should also be noted, as this 
criterion is higher in WEST and Model Editor. 
This is also connected to the components, as the 
feature concerns the flexibility and the creation of 
the components. Another difference between the 
groups is in the Instrumentation criteria, where 
neither WEST nor Model Editor has any useful 
automatic error handling, while the system dynam-
ics tools are useful in this aspect. 

Two interesting similarities should be noted. 
The values of the features for the Operability and 
the Consistency criteria are identical. There seem 
to be little difference in the quality of the Consis-
tency and Operability of the tools. 
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Table A. Comparison between the two simulated models. Specific elements are listed for each criterion. 

 
Total 

Nitrogen 
Retention 

Nitrification/ 
Denitrification 

Completeness (Correctness) - Attributes of the software that provide full implementation of the 
functions required. 

  

Different concentrations can be calculated in different parts of the wetland. No Yes 
The model takes flows within the wetland into consideration No Yes 
The model takes outside variables like temperature into consideration  Yes Yes 
Consistency (Correctness, Reliability) - Attributes of the software that provide uniform design and 
implementation techniques and notation.    

Use of the same symbols for the variables in the simulated model as in the original model Yes No 
Use for similar variable names for similar equations throughout the whole model Yes Yes 
Expandability (Flexibility) - Attributes of the software that provide for expansion of data storage 
requirements or computational functions.   

Possibility to easily add chemical processes to the model No Yes 
Possibility to easily add processes other than chemical to the model No Yes 
Generality (Flexibility, Reusability) - Attributes of the software that provide breadth of the func-
tions performed.   

Possibility to use the model as a part of or in related systems Yes Yes 
Possibility to use the model as a part of or in unrelated systems No No 
Instrumentation (Testability) - Attributes of the software that provide for the measurement of usage 
or identification or errors.   

Useful error messages when debugging (using debug function or when simulating)  No No 
Warnings when a variable value is not normal Yes Yes 
Model conditions (influences Correctness, Flexibility) - Simplifications, assumptions, valid do-
mains, supplementary conditions to determine empirical consequences.   

Simulated models equations the same simplification level as the original models Yes Yes 
Consideration taken in the model for situations when the model equations may be invalid Yes No 
Modularity (Flexibility, Interoperability, Maintainability, Reusability, Testability) - Attributes of 
the software that provide a structure of highly independent modules.   

Possibility to use the model separately and incorporate it into another model or system Yes Yes 
Possibility to use a part of the model separately and incorporate it into another model or system No Yes 
Possibility to reuse the code in the model when adding new processes No Yes 
Operability (Usability) - Attributes of the software that determine operation and procedures con-
cerned with the operation of the software.   

Does the same variable only have to be changed in one place in the model?  Yes Yes 
One part of the model impossible to confuse or connect with another when creating the whole wet-
land model Yes No 

Relevant values easily found for all variables and constants in the model from literature Yes Yes 
Simplicity (Flexibility, Maintainability, Portability, Reusability, Testability) - Attributes of the 
software that provide implementation of functions in the most understandable manner.   

Variable names and labels easy to understand Yes Yes 
Possibility to understand the model without programming and ecological knowledge No No 
Systematics (Usability, Reusability) - Inner consistency, absence of contradictions, logical context.   
Each step of the model consequently implemented Yes Yes 
Logical relationship between all parts of the model Yes Yes 
Model free from contradictions in the equations Yes Yes 
Traceability (Correctness) - Attributes of the software that provide a thread from the requirements 
to the implementation with respect to the specific development and operational environment.   

Prediction of total decrease in nitrogen in a wetland Yes Yes 
Predictions of the decrease in ammonium nitrogen and nitrate nitrogen – i.e. the nitrification and 
denitrification processes in a wetland No Yes 

Possibility to change parameters in the simulations Yes Yes 
Possibility to plot chosen parameters in the simulations Yes Yes 
Changes in concentration described as derivates with respect to a factor (time in wetland, distance in 
wetland, fraction of wetland etc) Yes Yes 

Validity (Maintainability) - No or few systematic errors in the model. This could be theoretical 
validity (relevant variables and parameters etc) or empirical validity (make adequate prognoses etc).   

All variables used relevant for the application Yes Yes 
All processes, reactions and relationships well-defined and well-used  Yes Yes 
Does the model produce the expected result compared with pre-calculated values when tested? Yes Yes 

 

 



 
 

Table B. Comparison between different evaluated tools. Specific elements are listed for each criterion. 
 Power-

Sim Simile Stella WEST Model 
Editor

Completeness (Correctness) - Attributes of the software that provide full implemen-
tation of the functions required.      

Representations of system parts, flows/connections, equations, variables and dia-
grams all present Yes Yes Yes Yes Yes 

Representing element can be other than the equivalent of a variable No No No Yes Yes 
Flows and connections can be integrated No No No Yes Yes 
Flows can go in both directions No No Yes No Yes 
Possibility of several variables in one flow No No No Yes Yes 
Possible to change and write new equations in components without programming 
skill No Yes Yes No No 

Built-in mathematical functions. Yes Yes Yes No No 
Variables can be defined in the elements representing a physical part of the system No No No Yes Yes 
Variables can be represented by other than separate components No No No Yes Yes 
Automatically generated graphs and tables Yes Yes Yes Yes Yes 
Consistency (Correctness, Reliability) - Attributes of the software that provide uni-
form design and implementation techniques and notation.       

Uniform design Yes Yes Yes Yes Yes 
Names and labels consistent in the entire environment Yes Yes Yes Yes Yes 
Data and communication commonality (Interoperability) - Attributes of the soft-
ware that provide the use of standard data, protocols and interface representation.      

Possibility for easy import/export from related systems (not counting text and pic-
tures) Yes Yes No Yes Yes 

Possibility for easy import/export from un-related systems (not counting text and 
pictures) No No No Yes No 

Expandability (Flexibility) - Attributes of the software that provide for expansion of 
data storage requirements or computational functions.      

Possibility to define and create new components No No No Yes Yes 
Several types of the different components/elements exists No No Yes Yes Yes 
Generality (Flexibility, Reusability) - Attributes of the software that provide breadth 
of the functions performed.      

Can be used in related systems (in present state) Yes Yes Yes Yes Yes 
Can be used in unrelated systems (in present state) Yes No Yes No No 
Instrumentation (Testability) - Attributes of the software that provide for the meas-
urement of usage or identification or errors.      

Automatically showing modeling errors in model Yes No Yes No No 
Useful error messages when debugging (using debug function or when running) Yes Yes Yes No No 
Modularity (Flexibility, Interoperability, Maintainability, Reusability, Testability) - 
Attributes of the software that provide a structure of highly independent modules.      

Possibility to save separate and specific components of models No No No Yes Yes 
Uses submodels or groups of components that can be saved and used separately Yes Yes No Yes Yes 
Possibility to save models Yes Yes Yes Yes Yes 
Operability (Usability) - Attributes of the software that determine operation and 
procedures concerned with the operation of the software.      

Easy to use the different tools to create a model Yes Yes Yes Yes Yes 
Possibility to create simple models without programming skill (by using existing 
components) Yes Yes Yes Yes Yes 

Possible to create new components without programming skill (by using existing 
components) No No No No No 

Simplicity (Flexibility, Maintainability, Portability, Reusability, Testability) - At-
tributes of the software that provide implementation of functions in the most under-
standable manner. 

     

Easily overviewed modeling and simulation environment Yes Yes Yes Yes Yes 
Possible to use without looking in the manual  No Yes Yes No No 
Training (Usability) - Attributes of the software that provide transition from current 
operation or initial familiarization.      

Useful help file Yes Yes Yes Yes No 
Useful manual (including links to easily accessed useful manual) No No No Yes No 
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