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DHI-WASY GmbH, Berlin 

The DHI Group is an independent, international consulting and research organisation. 

Our objectives are to advance technological development and competence within the 

fields of water, environment and health. We offer a wide range of consulting services 

and leading edge technologies, software tools, chemical/biological laboratories and 

physical model test facilities as well as field surveys and monitoring programmes. We 

have approximately 1200 employees worldwide. DHI-WASY GmbH is the German 

branch of the DHI group with its headquarters in Berlin. DHI-WASY core activities are 

consulting services in the areas of water management as well as the development of 

water-related software products (with a focus on numerical modelling). DHI-WASY is 

the international centre for groundwater modelling in the DHI Group. DHI-WASY has 

an interdisciplinary team of professional engineers, natural scientists and software 

engineers with outstanding experience at its disposal, including IWRM.  

2.2.1 Objective 

The general objective of MOSA II was to identify measures which bring an 

improvement of the current water supply and overall water management in the project 

region, improvement of water quality, water value flow and supply-side infrastructure. 

In that respect, a further development of the WRM model of MOSA I was the key 

objective for DHI-WASY (Table 2.2-1). From the beginning, this model was embedded 

in both a GIS environment as well as a public awareness campaign. With this method 

the understanding of water management issues as well as the acceptance of potential 

measures could be improved. As an overall objective it was intended to provide DWS 

with a powerful tool for managing the Olifants “Catchment Management Agency” 

(CMA), being envisaged to be implemented until 2016. 
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Table 2.2-1: Involvement of DHI-WASY (red) in MOSA II 

Component Subtask 1 Subtask 2 Subtask 3 

Component I – Value 

Generating Water 

Intervention 

Measures 

   

Component II – 

Capacity 

Development 

Technologies & 

Facilities Operations 

Institutions & 

Governance 

Awareness 

Building by Use 

of Educational 

Games 

Component III – 

IWRM Modelling 

Further 

Development of the 

(I)WRM Model for 

Application 

Development of 

GIS Tools for the 

(I)WRM Model 

Online Analysis 

and Data Transfer 

System 

Component IV – 

Cross Border 

Dissemination 

   

2.2.2 Research Design and Activities  

In the context of “Integrated Decision Support, Modelling & Capacity Building” DHI-

WASY GmbH developed a detailed water management model. This model also serves 

as a basis for the water game MOSA Water Game, the Decision Support System MIKE 

CUSTOMISED and water quality modelling. The system allows for visualisation of the 

current state as well as predictions in the catchment, it supports decision making and 

informs stakeholders. 

A MIKE HYDRO Basin water resource model has been developed for the project 

region, comprising 39 quaternary catchments of the “Middle Olifants” and taking into 

account the most relevant characteristics of the WRYM model from the Department 

Water and Sanitation (DWS). The MIKE HYDRO Basin quantity model is integrated in 

a decision support system based on the MIKE CUSTOMISED Platform, which allows 

advanced data handling, scenario analysis, real-time application and a multiuser web-

information platform. This tool can support local and national authorities to identify 

effective measures against water scarcity in the Middle Olifants and offers a platform to 

communicate these measures to the stakeholders involved. 

A tailored water game was developed for the Middle Olifants region in South Africa 

(MOSA) on the basis of the game platform Aqua Republica. The game reflects the 

conditions of the Middle Olifants catchment and has been customised to include typical 

features, including agriculture and specific irrigation methods, local industries, mines 

and different ecosystem types. The MOSA Water Game has been developed in the 

Unity game engine, is linked to the MIKE HYDRO Basin water allocation model and 

can be played online in a web browser. MOSA Water Game addresses the need of 

raising awareness and capacity building in sustainable water resource management. It 
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has been presented in stakeholder workshops, at the Eskom Water Week and was used 

for the 2014 South Africa Water Game Challenge. 

2.2.2.1 General Concept 

The overall general concept for IWRM is shown in Figure 2.2-1. Each of the shown 

components will be discussed separately in the following sections. 

 

Figure 2.2-1: IWRM modelling concept 

2.2.2.2 Water Resources and Water Quality 

2.2.2.2.1 Water Resources Modelling 

The design and development of a detailed water management model was realised as the 

basis for the water game, the decision support system and water quality modelling. 

The model covers the 39 quaternary catchments of the Middle Olifants region according 

to DWS definitions. In the initial phase, a “MIKE Basin” (MBasin) model was set up 

and adjusted to successfully reproduce the results of the existing “Water Situation 

Assessment Model” (WSAM) in the region, which was used in Phase I of the project. 

The model setup was simplified, by representing only the surface water component and 

removing the irrigation and groundwater components. The results from the “Water 

Resources Model” (WRM) were presented to the project partners and to a group of local 

stakeholders in Pretoria, during the yearly status meeting in November 2013. The 

difference between WSAM and MBasin corresponds to 1.14 % (see Table 2.2-2). This 

model setup is used in the background of the water game to evaluate the total quantity 

of available water within the catchment and to re-calculate the amount of used water 

during the game. 
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Table 2.2-2: Simulation results from the WSAM and MBasin models 

Parameter WSAM MBasin 

Availability [Mm³/a] 352.2 352.2 

Demand [Mm³/a] 1078.5 1078.5 

Demand without Ecological Reserve  [Mm³/a] 399.4 399.4 

Abstractions/Supply [Mm³/a] 223.9 225.5 

Deficit [Mm³/a] -175.9 -173.9 

After feedback from the local project partners in 2013 it was discussed within the 

project group to use the existing model merely for the game and to progress with a new 

separate model, based on the more widely accepted “Water Resources Yield Model” 

(WRYM) and “Water Resources Planning Model” (WRPM). These are node-and-

channel-network models, which use a sophisticated network solver in order to analyse 

complex water resource systems under various operating scenarios (Pott et al. 2008; 

McKenzie & Rooyen 1998). Detailed information about these models can be found in 

the WRYM User Guide (Rooyen et. al. 2013), in Dempster et al., 2002 and in DWA, 

2010. 

This new MBasin model was initially setup according to the main WRYM/WRPM 

characteristics, these are the same catchment, amount of water users, dams and the 

associated definitions and time series (historical data sets). Driven by analysing the 

measurement data during the calibration process, changes were made to improve the 

simulation results. Further, the MBasin model was upgraded to the newer software 

“MIKE HYDRO Basin” (MH Basin) model, to allow a better continuity of the model 

after project completion and for direct coupling with the water quality component ECO 

Lab. The following model description corresponds to the final setup. Changes to the 

WRYM/WRPM dataset are noted wherever possible. 

Runoff and upstream inflow 

Several of the quaternary catchments are divided into sub-catchments in the WRYM, 

resulting in 53 sub-catchments. Each quaternary catchment was defined with a unique 

specific runoff time series (1915–1999) and each sub-catchment was defined with a 

representative area. The multiplication of the specific runoff with the sub-catchment 

area results in the runoff time series calculated by the model.  

This dataset was extended to cover a more recent time period up to the year 2010. As no 

newer data could be acquired with respect to the hydrology, a method to calculate the 

extension of the runoff time series using the existing data set was developed and 

applied. This consisted in a random selection of monthly runoff data between 1915 and 

1999, for each month individually. For example, to select the runoff value for May 

2005, a random runoff of the months May was selected in the period 1915 and 1999. In 

advance, the existing runoff time series for the quaternary catchments were analysed in 

order to possibly identify a significant global trend, such as increasing runoff values 

over time. No such trend could be observed and thus, the extended time series was used 



MOSA – Phase II Summary Report 

for further simulations. The current time series can easily be updated for this extension 

period and also beyond this period, should new data be made available. 

The Loskop Dam is located along the Olifants River at the downstream part of 

catchment B32A within the Upper Olifants. It stores the inflow from the upstream 

catchments and releases the water into the Middle Olifants. The total downstream 

release from the Loskop Dam into the Middle Olifants in the final setup is not 

originating from the WRYM/WRPM, but has been replaced with a dataset provided 

directly by the DWS. 

Dams 

A total of 14 existing dams and 13 aggregated farm dams was included in the MH Basin 

model. In MH Basin the rule curve reservoir option was chosen and each dam was 

parameterised with an initial water level, a level area volume table, a characteristic level 

time series (bottom level, top of dead storage and dam crest level) and a flood control 

level time series. For all dams operational rules, by which priorities of supply for each 

water user extracting from the dam are regulated, have been added. 

Water Users 

A total of 49 aggregated irrigation users, 4 mines and 5 instances of urban and rural 

water demand, including “Water Treatment Works” (WTW) and water transfers to other 

catchments are represented in the model (see Figure 2.2-2). 

 

Figure 2.2-2: Water users within the Middle Olifants catchment, represented in the WRM 

Each water user is represented by a demand time series and for some irrigation water 

users a return flow time series has been included. 
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Verification and Optimisation 

Measurement data, including runoff at several weirs within the Middle Olifants area is 

available directly from the Hydrological services on the DWS website.  

After the first simulations it was identified that the water extraction from several dams 

was too low, since there were often drops in the measured water levels which could not 

be seen in the simulated results. After consulting with DWS, new abstraction data from 

the reservoirs allowed an update of the abstraction rates from the relevant water users, 

for example for the irrigation demand at the Rust de Winter Dam. However, for some 

reservoirs it remains unclear what is the reason for the historical variations in water 

levels, such as for the Rhenosterkop Dam. The model setup allows an update the 

demand rates or the inclusion of new water users in future. 

Results 

Overall, the model compares well in terms of measured and simulated runoff. The 

runoff time series for the selected gauging station B5H002 (Olifants River, most 

downstream station in the Middle Olifants) is shown in Figure 2.2-3.  

 

 

Figure 2.2-3: Simulated and measured runoff at the station B5H002 

 (Olifants River, downstream station) 

For the reservoirs, a selection of the measured and simulated data of water level, 

volumes or downstream releases is shown in the following figures (Figures 2.2-4 to 

2.2-7) for the Loskop Dam (located along the Olifants River; the most upstream dam in 

the model) and the Flag Boshielo Dam (located along the Olifants River downstream of 

the confluence with the Elands River; the most downstream Dam within the Middle 

Olifants).  
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Figure 2.2-4: Simulated and measured water levels at the Loskop Dam (B3R002) 

 

Figure 2.2-5: Simulated and measured downstream release at the Loskop Dam (B3R002) 

 

Figure 2.2-6: Simulated and measured volume at the Flag Boshielo Dam (B5R002) 

 

Figure 2.2-7: Simulated and measured downstream release at the Flag Boshielo Dam 

(B5R002) 
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The water requirements and water uses represented in the WRM from 1915 to 1999 are 

shown in Figure 2.2-8.  

 

Figure 2.2-8: Simulated water demand, water use, deficit and return flow in the Middle 

Olifants 

The construction of the Loskop Dam is responsible for the remarkable change in the 

water use around 1935. 

Table 2.2-3 shows the overall average water balance in the Middle Olifants for the 

period of 1916–2009, where the average water availability for the WRM is calculated 

based on the following equation: 

 [Water Availability] = 

 [Total runoff within the model area] + [Inflow Loskop Dam] – [Outflow model area] 

 

Table 2.2-3: Water Balance of the Middle Olifants 

Water Resources [Mm³/a] 

Years Runoff Model Area Inflow 

Loskop 

Outflow Model Water 

Availability 

1916–2009 418.2 364.1 562.7 219.6 
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The average demand, water use and deficit, for the year 1916–2009 are shown in Table 

2.2-4. With an average deficit of 71.9 Mm
3
/a out of an average 290.6 Mm³/a water 

demand, the overall relative deficit is approximately 25 %. This figure confirms the 

significant water stress in the region. 

Table 2.2-4: Average water demand, water use and deficit in the Middle Olifants in the years 

1916 to 2009 [Mm
3
/a]  

1916–2009 [Mm³/a] 

 Demand (%) Water Use (%) Deficit (%) 

Agriculture 216.9 75 165.1* 78 46.0 64 

Mining 25.0 9 10.3 5 14.7 20 

Urban 48.7 17 37.5 18 11.2 16 

All Water Users 290.6  212.9  71.9  

* The return flow is subtracted from the total amount of extracted water, 

i.e. [Water Use] = [Extraction] – [Return Flow] 

The simulated deficit compares well with the reported 94 Mm³/a in a study by DWAF 

(2003). Some caution is required when comparing the results with available studies 

(DWA 2011a), where the water resources delimitation in the Middle Olifants region is 

different from that considered in this study. 

Analysing the results per catchment, the highest water demand and water use occurs in 

the middle section of the project region (Figure 2.2-9), in catchments B31H, B31J, 

B32D and B32H, where the main irrigation boards within the Middle Olifants are 

located (Bloem Poort, Hereford, Loskop and Olifants River). 

The comparison of the absolute and relative deficit (Figure 2.2-10) shows a different 

picture in terms of catchments affected. In case of relative deficit (absolute deficit 

divided by water demand), the downstream catchments face a significant stronger water 

stress, which is explained by the fact that the upstream catchments by nature have 

access to the water before it reaches the downstream parts of the Middle Olifants. 
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In this model setup the ecological water requirement (EWR) has not been included since 

this is rarely met. As part of the classification report for the Olifants Water Management 

Area (WMA), 4 EWR sites were identified within the MOSA region (DWA 2011c). 

These include the sites EWR5, EWR6, EWR7 and EWR8. Based on the Mean Annual 

Runoff it was calculated that roughly 330 Mm
3
/a is required for these sites (DWA 

2011c and DWA 2013). 

The model resulting from this work is a user friendly map based tool, which has been 

comprehensively verified in terms of water resources and provides a solid base for the 

project tasks of DHI-WASY, as described in the following sections.  

2.2.2.2.2 Water Quality 

Over the course of the project the DWS expressed that the integration of water quality 

(WQ) processes into the model would be of significant value, since there are WQ issues 

within the catchment and a model to address these problems does not exist for the 

Middle Olifants.  

It is possible to couple the MH Basin model to the water quality component ECO Lab, a 

numerical laboratory for water quality and ecological modelling. ECO Lab comprises 

pre-defined templates that describe relevant WQ processes, while it is possible for the 

user to define other parameters and describe the processes affecting these parameters. 

Therefore, it was agreed upon to additionally include the quality component during the 

development of the project. 

The WQ issues and relevant substances to be modelled were identified through 

literature review and contact to local experts and were presented to the DWS in May 

2014. The identified substances and indicators are: temperature, pH, alkalinity, salts 

(conductivity, sulphate and sulphate:anions), nutrients (in particular phosphorus, but 

also nitrate, nitrite and ammonia), metals (mainly aluminium, iron and manganese), 

bacteria (total coliforms and E. Coli) and turbidity (total suspended and dissolved 

solids). Quality data has been made available by the project partner LAR (see Chapter 

2.3) and the Resource Quality Services (RQS) of the DWS.  

After analysing the data, it was decided that quality modelling would concentrate on 

sulphates. Project partners have addressed that sulphates are considered an issue within 

the region during the course of the project. This is confirmed by several studies (DWA 

2011b; Dabrowski 2013 and Dabrowski 2014). Observation datasets from DWS show 

that concentrations are sometimes above the recommended values in the guidelines, i.e. 

200 mg/l in the South African WQ guidelines (DWAF 1996) and have sporadically 

reached values higher than 600 mg/l, which is considered as an “unacceptable level” 

according to the Resource Water Quality Objectives (DWAF 2006). Furthermore, 

sulphate is a rather conservative compound, which makes it an ideal component to start 

the construction of the water quality model. Finally, the data available within the project 

region for this species is reasonably good, when compared to others. 
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Figure 2.2-11: Mean sulphate concentration for all measurement points with more than 10 

samples, located on rivers, canals, pipelines, potable WTW, dams and springs 

 (Source: Compiled by the authors, measurement values provided by RQS)  

The main sources of sulphate are mainly originating from mining, but possibly also 

agriculture through the use of ammonium sulphate fertilisers (Villiers & Mkwelo, 

2009). The agricultural component was not confirmed by DWS, therefore the study 

focused on the sources of sulphates from mining. The contribution from mining is 

complex, since it can occur during construction, operation, decommissioning and even 

after closure, from abandoned mines. The most common source of sulphate from 

mining is originated when pyrites occur in mineral deposits, resulting in the release of 

sulphates when in contact with oxygen and water, leading to the so called “Acid Mine 

Drainage” (AMD). As stated in McCarthy (2011), the overall impact of AMD is very 

much dependent on local conditions and varies widely, depending on the 

geomorphology, the climate and the extent and distribution of the AMD-generating 

deposits.  

The project partner EE+E compiled the existing types of mines and industries within the 

catchment areas and provided an overview of the lithology in the region (for more 

information, please see Chapter 2.1). Using this data, as well as available literature (see 

Digby Wells And Associates (2008)), it was determined whether a certain mine could 

provide a source of contamination for the surface water, depending on the type of 

material mined, the most common method of mining used, the geology in the region and 

the distance from the mine to the next stream or river. After this, the catchments which 

contained the identified mines (with a contamination potential for sulphates) were 

selected and a constant load was estimated for each of these catchments, based on the 

available measurement data. The selected catchments are shown in Figure 2.2-11. 

The pollution is mainly attributed to a diffuse and continuous contribution, which is 

reflected in the baseflow, rather than on the total flow. In the existing MH Basin model 

setup, the hydrological runoff has not been separated into base- and peakflow 

components. Therefore, a separation algorithm was used from Hughes et al. (2003), 
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based on Smakhtin (2001), to separate the runoff into baseflow and peakflow, for the 

selected catchments only. All the reservoirs were assigned a minimum flow requirement 

time series to allow the load to pass downstream. 

The model results were compared to available sulphate data within the region. A good 

match between modelled and measured data can be achieved through this methodology, 

shown exemplarily in Figure 2.2-12 for the measurement station 90458 (located on the 

Elands River, below the Lower Elands Dam, see Figure 2.2-11). 

 

 

Figure 2.2-12: Measured and simulated sulphate concentration at the station 90458 

In the current status, the WQ model still has some limitations. The model is strongly 

depending on a correct representation of all the hydrological processes over time and of 

all sources of pollution and their load concentrations. Furthermore, for the model 

verification, long-term monitoring of quality data is necessary at further key locations. 

In the end, the aim of the model is to assist the DWS in catchment planning, to analyse 

in which areas actions are required and for decision making in regard to further 

developments within the Middle Olifants. The model was set up with the best 

knowledge of available data and is a first step in providing DWS with such a tool. The 

model can be continuously developed and updated with respect to the limitations 

mentioned above. 
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2.2.2.3 Information System 

2.2.2.3.1 General information about MIKE CUSTOMISED 

MC MOSA is a Decision Support System based on MIKE CUSTOMISED (DSS MC) 

created as a part of this research project. MIKE CUSTOMISED is a powerful open IT 

Platform (Sørensen et al., 2015) that provides the following capabilities:  

 Advanced data management, analysis, processing, visualisation, 

 Integration of different models (e.g. hydrological, hydrodynamic),  

 Generation of different scenarios and their analysis. 

DSS MC consists of three main components (Database Manager Utility, Platform, 

MIKE OPERATIONS) and serves as a basis for of the additional WEB-Information 

system using Add-on WEB API as shown in Figure 2.2-13. A Short overview of each 

component is given in Table 2.2-5. All these software components are based on a single 

database (PostgreSQL or ORACLE), where all data, model scenarios, system 

settings/information are stored. MC MOSA is based on a PostgreSQL database. 

 

Figure 2.2-13: Components of the Decision Support System MIKE CUSTOMISED 
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Table 2.2-5: Description of the components of the Decision Support System 

MIKE CUSTOMISED 

DSS MC Component Description 

Database Manager 

Utility 

This utility serves to create new databases, to 

update/backup/restore/remove existing databases and to 

administrate workspaces and users. 

Platform  This is the main component of MC system setup. It is used to 

register the model, create scenarios, prepare GIS data for 

visualisation (Figure 2.2-15) and organise pre-/ post-

processing of the model input/ output time series using a 

scripting module with an integrated programming language 

IronPython or a spreadsheet module. All settings for the 

MIKE OPERATIONS/ WEB API are saved as a series of 

spreadsheets. The Platform has diverse tools for spatial data 

processing, time series (TS) statistics. 

MIKE OPERATIONS MIKE OPERATIONS (MO) provides the following 

capabilities: adapt the user interface according to the project 

needs, visualise simulation results, create in an easy way new 

different model scenarios based on a basis scenario.  

WEB API  DHI Web API is a HTTP-based RESTful API exposing MIKE 

CUSTOMISED data (e.g. time series, GIS feature collections, 

spreadsheets). The DHI Web API has been used to develop the 

MOSA Web App (described in Chapter 2.2.2.3.3 MOSA Web 

App). 

2.2.2.3.2 MC MOSA 

The current MIKE HYDRO Basin model has been integrated in the MC MOSA without 

any modifications using the MIKE HYDRO Adapter. A basis scenario was created 

based on the registered Model. The basis scenario does include the most relevant 

elements of the original model as well as respective model input/output TS. The 

overview of the model elements in the basis scenario in comparison to the original 

MIKE HYDRO Model is given in Figure 2.2-14. A detailed catalogue of model 

parameters that are included in the basis scenario is listed in Table 2.2-6. 

A 
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B 

Figure 2.2-14: Platform – overview on elements in original registered MIKE HYDRO model 

(A) and Basis Scenario (B) 

The analysis of the model results is realised by means of additionally created scripts that 

are linked to the model using Indicators. The summary of scripts and analysis statistics 

for the model input/output TS is shown in Table 2.2-8. 

Table 2.2-6: Model parameters of the Basis Scenario 

Group Model parameter Model TS Type 

WaterUserNode Water demand Input 

Water demand deficit Output 

Used water Output 

Unallocated water Output 

Return flow to … node … Output 

ReservoirNode Bottom level Input 

Top of dead storage level Input 

Dam crest level (if any) Input 

Flood control level Input 

Reduction level 1, 2 Input 

Reduction fraction 1, 2 Input 

Total downstream release Output 

Water level Output 

Stored volume Output 

Unallocated water Output 

Catchment Runoff Output 
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By means of the embedded GIS-Module in the Platform the main spatial data of the 

model was visualised (Figure 2.2-15) and prepared for application in MIKE 

OPERATIONS. Table 2.2-7 presents the total overview of used GIS data in MC 

MOSA. All GIS Features can be divided into two groups: static layers and dynamic 

layers. The static layers basically show the background spatial information. The 

dynamic layers include spatial features that are linked to the specific model time series. 

Configuration of the feature layers has been done in MIKE OPERATIONS and all these 

settings were saved automatically to the spreadsheets in Platform. 

Table 2.2-7: List of GIS data involved to MC MOSA 

Group name 

in MO 

Feature Class name  Feature 

layer 

type in 

MO 

Feature 

type 
MO Original in 

Database 

GIS River River Static  Polyline 

Reservoirs Reservoir_Poly Static  Polygon 

Catchments Catchment Static  Polygon 

MIKE 

HYDRO: 

Water User 

IRR Demand W_IRR_D Dynamic  Point 

IRR Return Flow W_IRR_R Dynamic Point 

Mine Demand W_MI_D Dynamic Point 

Urban Demand W_UR_D Dynamic Point 

MIKE 

HYDRO: 

Reservoir 

characteristics 

Input R_Input Dynamic Point 

Output R_Output Dynamic Point 

MIKE 

HYDRO: 

Catchment 

Runoff Catchment Dynamic Polygon 

Schematic Catchment 

(schematic) 

Dynamic Polygon 

IRR Used water Catchment Dynamic Polygon 

IRR Water demand 

deficit 

Catchment Dynamic Polygon 

  



MOSA – Phase II Summary Report 

 

F
ig

u
re

 2
.2

-1
5

: 
P

la
tf

o
rm

 –
 v

is
u

al
is

at
io

n
 o

f 
sp

at
ia

l 
d
at

a 
an

d
 m

o
d
el

 T
S

 

 



- 101 - 

MC MOSA gives the possibility for system users to plot all associated time series with 

the model objects as graphs for different scenarios. Hence it is possible to compare the 

results of the scenarios. Thus the scenarios defined by the project partner ZEF (see 

Section 2.4) were integrated within the system. These scenarios include the reduction of 

water abstraction by 20 %, 30 % and 40 % for irrigation purposes (Thiam et al., 2014). 

All water users were classified into different groups such as agricultural, mining, 

wastewater and urban as a basis for the following specific requests and in order to 

simplify the generation of the new scenarios. This separation allows an automatic 

generation of the specific statistics for each scenario simulation and subsequent 

visualisation. The main information on system implementations is given in Table 2.2-8. 

The scenario results show that a reduction of the water demand can reduce the deficit 

partially or even completely for some water users. With these results, it is possible to set 

up a more specific analysis, such as reducing the water demand variably for water users 

in areas where there is a deficit, while other users may not require any reduction at all. It 

is important to note that MC MOSA provides a flexible and easy way to generate new 

scenarios for the system users under consideration of different conditions, for example, 

climate change. 

Table 2.2-8: MC MOSA implementation 

Where to 

find/How to 

Description 

Registered 

model and the 

scenarios in 

Platform 

Explorer Scenarios 

 
1 – Registered MIKE Hydro model 

2 – Different scenarios created based on the basis scenario 

3 – Basis scenario 
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Where to 

find/How to 

Description 

TS of original 

model and 

scenario 

simulation 

results in 

Platform 

Explorer Scenarios 

 
1 – TS of calculated statistics for last simulation, duplicate of the 

statistics folder 6 under specific simulation. This folder is linked to 

MIKE OPERATION. 

2 – TS of the calculated statistics for the basis scenario, duplicate of 

the original statistics folder under simulations results of the basis 

scenario. This folder is linked to MIKE OPERATION. 

3 – TS of the original registered MIKE Hydro model 

4 – Modified TS of the different Scenarios 

5 – Output TS of the scenario simulation and the calculated statistics 

Create new 

scenario and 

run it in MIKE 

OPERATION 

Ribbon Scenarios 

 
1 – Select Scenario mode 

2 – Create new scenario 
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Where to 

find/How to 

Description 

3 – Select the created new scenario from the drop-down list 

4 – Click IRR Demand  

5 – Select type the scenario values (Value/Factors) 

 change scenario values 

6 – Click Save 

7 – Click Run 

 

2.2.2.3.3 MOSA Web App 

Based on MC MOSA, the MOSA Web App publishes the most relevant input and 

output data. To enable a comparison of different scenarios, the user is provided with 

customisable time series charts. The following chart options are selectable 

 The MIKE Hydro model object (e.g. a specific water user) 

 The scenarios (up to four scenarios) 

 The parameters (e.g. input data and model or statistical results) 

The start screen of the MOSA Web App shows the relevant GIS layers of the MIKE 

Hydro Basin model on top of an Esri satellite base map. On map click, the attributes of 

the respective water user, reservoir or catchment are displayed in a table at the left panel 

(Figure 2.2-16).  

Additionally, time series charts are shown for different scenarios and parameters. 

Checkboxes in the left and right panel enable the user to combine the parameters and 

scenarios of interest in one chart (Figure 2.2-17). 

The MOSA Web App is a Javascript client based on the MIKE Web API. This RESTful 

API (released end of 2014 by DHI) reads time series, spreadsheets and feature classes 

directly out of the Platform, using the same single database as MC MOSA. Using the 

API it was possible to build the MOSA Web App without ArcGIS Server technology.  

The MOSA Web App can be used as an information portal. With a few mouse clicks the 

Ministry staff can access the project results, input data and customisable charts to 

compare different scenarios. 
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2.2.2.4 Serious Game 

To address the necessity of capacity building and knowledge sharing for sustainable 

water resource management, the serious game “Aqua Republica” was adapted for the 

Middle Olifants region. The MOSA Water Game (MOSA Aqua Republica) reflects the 

conditions of the catchment of the Middle Olifants and is based on a MIKE HYDRO 

BASIN model, which includes typical features for this catchment such as agriculture, 

urban areas, mines and different ecosystem types and also provides new structures 

(irrigation types) and policies tailored to the Middle Olifants area. The game has been 

shared with a group of diverse local experts in South Africa, providing valuable 

feedback for further development of the game. 

In Integrated Water Resource Management studies, capacity building is an important 

step to raise awareness in water related processes and to strengthen sustainable decision 

making. Serious games are not a new concept but advances in knowledge and 

technology open up a new paradigm for active stakeholder participation. DHI and 

UNEP-DHI Centre initiated a serious game platform called Aqua Republica, where a 

virtual world allows participants to develop a river basin and visualise the consequences 

of their decisions. Aqua Republica combines a game layer with a water allocation 

model, MIKE HYDRO BASIN, to create an interactive, virtual but realistic 

environment where players play the role of the manager of an undeveloped river 

catchment. This led to the development of MOSA Aqua Republica, a tailored version of 

the game, adapted to the Middle Olifants river basin in South Africa. The game was 

presented to a group of local stakeholders, to facilitate capacity building and to collect 

feedback for improving the game further as an educational tool and it was used in the 

2014 South Africa Water Game Challenge. 

The design and concepts behind Aqua Republica are inspired by meaningful play, a 

condition described by Katie Salen and Eric Zimmerman in, Rules of Play (Salen et al., 

2004). It is a condition that is very much like learning. The learning experience is 

similar while playing a game. A well-designed game environment will provide a 

feedback mechanism that allows the player to reflect on his or her actions and adopt a 

different approach in the game. This internalisation of actions and reactions is what is 

referred to as meaningful play. The game takes inspiration from the work of the United 

Nations Environment Programme and others who call for a more ecosystem-based 

management approach to development (UNEP 2012). Any typical game design includes 

the following features: a well-defined space, a set of rules and struggles. More 

information on the general objective of serious games can be found in (Chew et al., 

2013). 

The central space element of Aqua Republica is a virtual sub-basin within a larger river 

basin, this river basin can be fictitious or it can be based on data from a specific project 

site. The rules of the game are the physical science or hydrology of a river basin, which 

are computed from the water allocation model called MIKE HYDRO basin. This model 

computes the water balance for the river basin and contains water data such as rainfall 

and runoff, water demand for various land cover or return flows (DHI 2013).  

During the first phase of the research project Integrated Water Resources Management 

Pilot Project “Middle Olifants”, South Africa, the need of raising awareness and 

capacity building in sustainable water resource management in South Africa was 

identified. The “Middle Olifants” river catchment is characterised by a large quantity of 
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water users, with a high demand of water for households, large scale irrigation farming, 

mining and quickly growing settlements. The potential of using a serious game to 

address this needs, led to the development of a tailored version of Aqua Republica for 

the pilot site in the Middle Olifants region in South Africa (MOSA Aqua Republica). 

Like in the original Aqua Republica Game, the MOSA version includes hydrology in 

combination with simple mechanics that simulate the interaction and relationships 

between different water users. For example, the population in the game requires food, 

water, housing and jobs; farms generate food, but require water and electricity, so in 

order to produce food, power plants are needed and in order to build power plants, 

funding is needed, which comes from job providing industries, urban areas etc. These 

mechanics are considered human interactions in the game and they form the struggles of 

the game. The player will have to navigate through these struggles along with the rules 

in a river basin to obtain their objective which is to get the highest score. The score is 

weighted such that actions that go along with the principles of IWRM will result in a 

higher score (Chew et al. 2014). 

During each turn the player has the possibility to make changes in the basin area, while 

trying to achieve a high basin score, over a total of 13 rounds. The general user interface 

is shown in Figure 2.2-18. An overview of possible developments in MOSA Aqua 

Republica is provided in Figure 2.2-19. There are several policies and structures which 

can be added to each new entity at a certain cost. These will benefit the game score, by 

counteracting water consumption, improving the ecosystem status, increasing 

productivity or adding an additional value to the population within the catchment. 

 

Figure 2.2-18: Overview of MOSA Aqua Republica 
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Figure 2.2-19: Development options in MOSA Aqua Republica 

More development does not necessarily result in a higher basin score, which will 

educate the player in developing the basin in a more sustainable way. Furthermore, 

during the game events such as droughts and floods are triggered randomly, depending 

on how the basin development is managed. To avoid such events, the player must keep 

an eye on water use and the environmental status and if necessary, implement policies. 

MOSA Aqua Republica provides a virtual environment. This virtual environment tries 

to simulate a simplified version of the real world. The virtual environment consists of 

two layers – a water allocation and hydrology model based layer (backend) and a game 

layer (frontend) which uses the results of the model and links it to social, economic and 

environmental factors.  

The backend part of the MOSA Aqua Republica architecture consists of a water 

allocation model, developed in the MIKE HYDRO modelling system. The model is a 

highly flexible framework for a large variety of applications regarding allocation, 

management and planning of water resources within a river basin. 

 

Figure 2.2-20: Scheme of the general linking map tiles procedure (left) and example of MOSA 

Aqua Republica (right)  
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MOSA Aqua Republica basically consists of a map which acts as an input for the 

numerical model. When the game player places a new entity (e.g. a farm) on the map, 

this changes the number of water users and the total water demand in the basin. There is 

also a relationship between the geographical area of the placed entities and the nearest 

node of the river network (see Figure 2.2-20). How the new input affects the total water 

runoff is calculated by the model. The calculation is executed and sent back to the game 

every time the player proceeds to the following turn by pressing ‘Next Turn’. 

The game-map is built upon ‘tiles’ dividing the map into equal squares, intended to 

represent fields, where the player can drop buildings such as farms, cities or industries. 

Tiles are numbered 1…n from the upper left corner of the map to the lower right corner.  

The necessary matching between MIKE HYDRO and its model objects like ‘Node’, 

‘Catchment’ and ‘WaterUser’ and the corresponding tiles in the map were accomplished 

by a separate component. This ‘GameSimulationDriver’ is configurable per model 

through a model unique configuration file. 

The configuration allows linking a certain ‘tile’ of the game map to multiple MIKE 

HYDRO ModelObjects, e.g. WaterUsers (1 m cardinality). That way, it is ensured that 

actions upon a tile result in changes in the water demand at the geographically correct 

‘node’ of the model, considering upstream and downstream relationships. 

The model configuration file (Figure 2.2-21) also contains information about the 

buildings available for the player. Each building supports information such as: 

 Name 

 Description 

 Base water demand 

 Growth factor (base water demand evolving) 

 

Figure 2.2-21: Diagram of the model configuration file 
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The ‘Name’ attribute also contains information about the different policies applied to 

the type of building. The policies are appended to the real name of the entity such as 

[BuildingName]_Policy1_Policy2. The different water demands reflect the impact on 

the environment. 

Technical Aspects 

The game-frontend is able to perform tasks, data-queries and updates upon the 

‘GameSimulationDriver’ in order to retrieve the latest results of the model. The driver 

provides the following methods to handle MIKE HYDRO execution and data-queries: 

 CreateNewPlayer. Adds a new player and creates the default water-demand 

values for each MIKE HYDRO model object. 

 DeletePlayer. Removes the player-related data from the database. 

 GetModelObjects. Passes the latest results to the frontend. 

 UpdateModelObjects. Sets the new input that has to be considered for the next 

model execution. 

 RunEngine. Invokes the driver to execute the model considering the latest input. 

GameDatabase 

The ‘GameSimulationDriver’ is also responsible for storing the data in a 

‘GameDatabase’ after the latest MIKE HYDRO execution. The database is accessible 

for the frontend to store new model input information, for example after the player 

created a new building upon the game-map. The database acts as storage for the model 

input- and output data. Because the data is stored per game-turn, it is also capable of 

providing a history of changes. 

Additionally, the ‘GameDatabase’ provides an abstract implementation model (Figure 

2.2-22) and can therefore be implemented on different database providers such as ‘MS-

SqlServer’ or ‘SQLite’. This is useful when the database is supposed to be hosted on 

different platforms. For MOSA Aqua Republica an ‘online version’ hosted on servers 

relying on ‘MS-SqlServer’ as well as an ‘offline version’ with an easy-to-deploy 

database such as ‘SQLite’ has been developed. In order to maximise performance and 

gameplay there has been a need to optimise the backend-part of MOSA Water Game for 

these two versions. 
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Figure 2.2-22: Diagram of the abstract GameDatabase model 

Online-Version 

For online gameplay the frontend and the backend part are hosted on servers. The 

webservers communicate via Internet Information Server (IIS) using serialised game 

model object proxies and web methods. The backend is being accessed through a game 

web service hosting the ‘GameSimulationDriver’ (Figure 2.2-23). For performance and 

scalability purposes there is also a balancing web service on top of the backend 

architecture which delegates the incoming request to the least loaded server. 

In order to optimise the utilisation of each single server machine the 

‘GameSimulationDriver’ is able to create a new process for each request that relies 

upon the execution of MIKE HYDRO. In that case, the execution is delegated to a 

‘processor’ which uses the ‘EngineDriver’ to perform tasks like ‘RunEngine’ on all 

available CPUs of the hosting machine. 
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Figure 2.2-23: Online game architecture 

Offline Version 

The main difference to the online version in game architecture is the introduction of a 

socket server instead of web services. The socket server responds to the same requests 

as can be found in the online version. The offline version also supports an ‘in-process-

execution’ of the backend part. This is achieved by simply passing the incoming 

requests directly from the socket sever via the ‘GameSimulationDriver’ to the 

‘EngineDriver’ without leveraging the ‘processor’. It is possible, because in a single 

player/desktop environment it is unlikely that several requests upon the backend are 

triggered at the same time. The fact that the backend resides in a single process has the 

advantage of using an ‘in-memory-database’ which is supposed to be much faster than 

the file database used otherwise. The offline version therefore uses the ‘SQLite 

database’ which is flexible in that manner and is also easy to deploy on desktop 

machines. 

Workshops and User Feedback  

In November 2013, MOSA Aqua Republica was presented to a diverse group of local 

stakeholders in a two day workshop in Pretoria, South Africa. During two sessions, the 

participants had the opportunity to learn and play the game, while being accompanied 

by a team from DHI and in return provided valuable feedback about the game. The 

invited participants covered a broad background of specialisation within the fields of 



- 113 - 

water supply, ecology, mining and other industries, local, national and international 

politics and economy and a substantial share of the people was familiar with the project 

area. The participants were introduced to the concept of sustainable catchment 

development, but each player applied its own strategy to achieve a high basin score. 

After each session the accompanying team talked to each player about their impression 

on the game, collected the sheets and evaluated the scores. Overall, the feedback to the 

game was positive and its use as an education tool was widely recognised. It was 

emphasised that the game is not a decision making tool but an education and capacity 

development tool synchronising different components such as food, energy, economy, 

ecosystem and natural events.  

In the second phase of the project, the information collected in the sessions was 

evaluated. It was noted that the game was not completely intuitive and players needed a 

few rounds to understand its concept. Mostly the players requested more educational 

information during the actions made in the game and more transparency in the 

calculation of the basin score. Local adaptations were suggested in regards to the type of 

crops, ecosystems, industries and policies available. 

These finding have been considered in the version of MOSA Aqua Republica which 

was used in the 2014 South Africa Water Game Challenge. This competition enabled 

participants to learn about the conflicts and trade-offs that exist in a real catchment. By 

experiencing these conflicts and trade-offs first hand through meaningful play, 

participants gained a better understanding of the needs and perspectives of all the 

stakeholders involved in integrated water resources management (IWRM) as well as the 

value provided by ecosystems in a much broader context. Using the feedback of an 

integrated questionnaire, the Water Game Challenge also helped the South African 

Water Research Commission, as one of the main sponsors of the challenge, to get an in-

depth perspective of local views on water issues. The feedback from the competition, 

additional workshops in South Africa, Germany and Egypt as well as from the 

presentation at the International Conference on Serious Games in Vanderbijlpark 

(Claussen et al., 2014) was again used to improve the game configuration, the user 

interface and the performance. In 2015 the final result of MOSA Aqua Republica was 

presented in two workshops in South Africa, including the final project meeting in 

Pretoria in November. 

2.2.3 Outcome and Impact 

In November 2015 the system was successfully installed at DWS. With the system 

DWS is now able to analyse the effect of different measures on the overall water 

balance. The results will automatically be available at the desktop client and can, by 

selection, be published on the website. New hydrology data can be integrated as soon as 

it becomes available. The quality model is functioning in principle, but additional effort 

is needed to use it for planning and approval process purposes. As soon as the quality 

model has been finished, it can be integrated flexibly into the overall GIS based system 

and website. Although the system has been developed for DWS, the future CMA of the 

Olifants River could also benefit from it. Models, GIS and Serious Game can easily be 

extended to cover the whole Olifants river basin. As the concept can be applied directly 

to other catchments, both existing and other future CMAs might be interested in such an 

integrated system.  
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The work presented in this section responds to several questions raised in the study 

“Priority water research questions in South Africa 2012” by Siebrits et al. (2014). As an 

example questions like “How can the social perception of the value of water be 

changed?” and “How can public education more effectively address the possible 

imbalances and trade-offs between ecological protection and use of water resources?” 

were addressed by the presented serious game. Concerns such as “How can South 

Africa’s water information systems be improved in terms of collection, management 

and dissemination?” have been focused on in the developed DSS and Web Application. 

Finally, the developed tool provides a basis which can be further developed, to answer 

questions such as: “How can real-time water data collection be used to act 

expediently?” and “How can the utility of monitoring systems and networks be 

optimised, maximised and explained to ensure sustainability of the resource and the 

monitoring system itself?” 
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