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Abstract 
The paper has been prepared to summarize the results that have been obtained in the implementation of the Project DTE 
Climate - Competence Center for Climate Change Digital Twin for Earth forecasts and societal redressment: DTEClimate 
– contract nr. 760005/30.12.2022, cod proiect: 7 finanțat prin Planul Național de Redresare și Reziliență, Apel nr. PNRR-
III-C9-2022 – I5. 
Romania has around 3,500 lakes and most of them are surrounded by important communities with economical, industrial 
or tourism activities. The impact of Climate Change on sweet-water lakes and the coastal areas is affecting with a complexity 
of factors the surrounding communities. The impact of Climate Change on the biodiversity in sweet water lakes and related 
ecosystems it is a complex scientific challenge due to multiscale and multiphysics of systems and phenomena that are 
connected. In both cases, such as Climate Change and biodiversity depletion, the anthropogenic factors play a complex 
role of multiplication of the consequences.Lake Siutghiol is a generic sweet-water lake located on the Black Sea coast, 
being under the pressure of large tourism facilities, expanding urban agglomerations, agriculture, and related industries 
with a high degree of eutrophication. Within the project implementation, it has been developed a holistic approach to address 
the adaptation to Climate Change of the communities located in the neighborhood of sweet-water lakes. The approach is 
based on scientific evidence and a strong interaction with the local communities and industries. 
Specifically, the paper is referring to the modeling process of a sweet water lake – Siutghiol located in South-East Part of 
Romania.A Systems of Systems approach has been developed by structuring the existing knowledge on the eutrophication 
of sweet-water lakes and Black Sea West Coast waters and the impact of Climate Change with an emphasis on the 
connectivity of systems and factors that are influencing the processes. 
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1. Introduction 
 
The study of an aquatic ecosystem can be carried out 

using a combination of models implemented to track the 
effects of external factors on the ecosystem. The 
complexity of such an ecosystem involves the combination 
of monitoring changes, both hydrodynamically and 
biologically, combined with the chemical changes taking 
place in the studied area. A model for aquatic ecosystems 
was implemented by Janse and van Liere (1995)[1], later 
adopted for the development of FABM-PCLake by Hu et 
al.[2], at Aarhus University, Denmark, and finally led to the 
development of WET which additionally has ideas taken 
from the CAEDYM and Ecopath/Ecosim 
applications/models. The result was the WET model useful 
in modeling such complex ecosystems. Hydrodynamic 
modeling can be achieved using the GOTM model, a one-
dimensional model, follows a column of water and was 
originally developed by Hans Burchard and Karsten 
Bolding, and later further developed by the community of 
researchers interested in the subject. Biochemistry can be 
modeled using FABM developed by Bolding and 
Bruggeman [3]. The new model are coupling the 
hydrodynamic models, including GOTM and GETM, with a 
range of biogeochemical models including WET, ERSEM 
and ERGOM. 

QWET is a graphical interface for WET and was 
developed by Nielsen et al. [4], at Aarhus University, 
Denmark, to simplify work with coupled systems, 

hydrodynamics and ecosystem modeling, GOTM-WET. A 
simple way to use QWET is as a plugin for the QGIS 
application. One can use QWET to run a range of climate 
and nutrient modification scenarios to monitor ecosystem 
evolution. There is also the additional possibility of 
intervening on the biological and chemical components, so 
that the study also reflects such changes, respectively, the 
result obtained can be refined to reach a model close to 
reality.  

QWET can also link to the information obtained in 
SWAT [5], a tool that aims to develop models for 
watersheds. The importance of this facility is given by the 
fact that the use of adjacent areas can affect the 
parameters used in the development of the model, a 
simple example would be the increase of nutrients in the 
case of areas used for agriculture.  

2. Model 
 

To use the modeling application, QWET the package 
can be downloaded as a binary package or source 
package and added as a plugin for QGis software. The 
input files required by model were prepared by custom 
python script. 

A series of input files containing meteorological, 
hydrographic and nutrient data are required to configure 
the model. In addition to this data, information about the 
practical observations made in the respective system can 
be added, adding data on temperature, oxygen and 
nutrient load profile.  
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It is very important that the formatting of these files is 
correct, to avoid blocking the model for running. Thus, the 
way of working can be summarized in the following stages: 

1. Preparing Input Files in the Correct Format 
2. Creating a QWET Project 
3. Placing input files in project-specific 

subdirectories 
4. Selection of user-defined inputs (meteorological 

data, respectively, hydrological data and nutrients) 

2.1. Climate data 
 
To prepare this file we used the meteostat [7] 

database, we use the python code to select required 
parameters or calculate new ones. For Siutghiol Lake, the 
archive for station 15480 in interval 2000-2024 was used 
(figure 1). 

 
Fig. 1. Weather stations around Siutghiol Lake 

2.2. Inflow data 
 

To run the Qwet model, a file is needed specifying the total 
flow rate of the inputs, respectively the flow rate of the 
outlets in the pool. Currently, there are no measurements 
taken to the flow of the springs, respectively, the flow of 
the discharge channel into Tabacariei Lake, this lack was 
filled with a mean value estimated from the literature. The 
flow of the springs for Lake Siutghiol was considered about 
2 m3/s. Using this value, an inflow data file was generated 
with a random dispersion (Table 1) of the values around 
this flow, respectively for the outputs a close value, to 
maintain the volume balance in the lake. For nutrients, a 
set of values was similarly generated using data found 
in the literature.  

Table 1. Inflow generated data statistics 
 Parameter Value 

 

Count 9077 

Mean 2.004992 

Standard Deviation 0.291172 

Minimum 1.500000 

25% 1.753700 

50% 2.007700 

75% 2.251200 

Maximum 2.499900 
 

2.3. Hypsometric curve 
 
Another aspect necessary for the preparation of the 

model is the hypsometric curve. This curve can be 
calculated using the QGis Hypsometric Curve plugin, for a 
raster layer containing the elevation of the land, in this 
case the depth of the lake.  

For Lake Siutghiol, the DEM (Digital Elevation Map) 
data available in various sources are not exact, so a map 
of Lake Siutghiol published on 2005 was digitized (figure 
2).  

 

 
Fig. 2. Digitized map of Lake Siutghiol (isolines) and inset 

show the hypsometric curve  
 

3. Model results 
 

The model was tested in two situations, first a simplified 
model of bathymetry and requires only the surface of the 
lake at 0 depth and the maximum depth, and second, that 
use hypsometric curve. The results can be viewed directly 
in the QWet user interface, but most of them are available 
in the data cube that can be read using the pyncview 
package.  
Figure 3 shows for example total nitrogen evolution in 
simulated period.  
 

 
Fig. 3. Evolution of total Nitrogen (method 2) 

 
The evolutions of total Nitrogen, total Phosphorus, 
respectively Chlorophyll-a for the two methods and for 
possible scenarios can be defined to track changes in the 
ecosystem if a physical or biochemical parameter varies 
its value. Figure 4 shows, for example, comparative 
evolution for total nitrogen, total phosphorus and 
chlorophyll-a when the flow speed is changed.  
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Total nitrogen 

 
Total phosphorus 

 
Chlorophyll-A 

Fig. 4. Water flow speed effects 
 

Also, the abiotic processes can be interpreted using output 
data cube, figure 5 and 6 shows the distribution of 
dissolved organic matter and SiO2 in depth. 

 
Fig. 5. Dissolved organic matter 

 
 

 
 

Fig. 6. Dissolved SiO2 
 

4. Conclusion 

The QWet model for ecosystem analysis is a very powerful 
tool, but it depends on the accuracy of the data provided 
at the input. Thus, confidence in the results obtained can 
be gained by: testing different configurations and 
calibrating the model using physical measurements. An 
important aspect is also the influence of the adjacent area, 
the QWet model can be connected to the SWAT 
application to obtain a series of additional information 
related to the climate (rainfall, land erosion, etc.), 
respectively, to the infusion of nutrients due to the use of 
the land for different purposes (agriculture, for example). 
Due to the lack of data related to the evolution of some 
parameters of interest, the next step is to correlate the data 
measured in the field with the data calculated from satellite 
data to obtain substitutes for previous or future periods, 
when possible - the presence of clouds can disrupt this 
process. 
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