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Abstract 

Flood control is considered as one of the main regulating ecosystem services (ES) by the System 

of Environmental Economic Accounting-Experimental Ecosystem Accounting (SEEA-EEA). Both 

assessment and accounts of flood regulation need various data which is usually not available 

through direct measurement. GIS-based modelling could provide the much-needed information for 

different aspects of the water cycle that could be used as indicators for flood control ES. The main 

purpose of this work is to identify the most appropriate models for flood control indicators and 

how they can be integrated in ecosystem accounting. In order to establish the relevant flood 

accounting data as indicators at the national level, as well as the adequate models, we follow these 

steps: a selection of papers on modelling, identification of the relevant indicators and models, 

statistical analysis, a test of the prominent model in a case study area. Preliminary results show 

SWAT, InVEST, KINEROS and ARIES models as the most suitable. 
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1. Background 



91 
 

Water regulation is considered as one of the main regulating ecosystem services by SEEA-EEA. It 

includes water retention, storm and high water protection (including flood control) and it is also 

closely related to erosion and sedimentation control as well as water purification. An important 

characteristic is that all of them can be regarded as both final and intermediate services i.e. it is 

usually not possible to distinguish between flow and potential. Although there is some progress in 

the accounting of water related regulating services, Vardon (2014) notes that SEEA-EEA needs 

further development in this area. GIS-based modelling of flood control could provide the much-

needed information for different aspects of the water cycle, that cannot be extracted through direct 

or indirect measurement methods. The models can be used to select appropriate flood control 

indicators. Application of different GIS-based modelling tools has been applied for flood regulation 

mapping and assessment (Nedkov and Burkhard, 2012; Strurk et al. 2014; Boyanova et al. 2016). 

Vigerstol and Aukena (2011) provide a comparison of tools for modelling freshwater ecosystem 

services which include widely used hydrological models such as SWAT and VIC as well as tools 

specifically designed for ecosystem services such as InVEST and ARIES. 

According to the EU Biodiversity Strategy (covering the period until 2020), Member States should 

map and evaluate the status of ecosystems in their territories and their respective benefits, assess 

the economic value of those benefits, and organize their integration into reporting systems. MAIA 

(“Mapping and Assessment for Integrated ecosystem Accounting”) project is a platform for 

exchange of experience, data sharing, and development of innovative approaches related to natural 

capital and ecosystem accounting (NCA). This work is part of a task, which examines how water 

regulation including flood control services of ecosystems can be analysed at the scales and accuracy 

required for NCA.  

The accounting of flood control is based on the assumption that specific ecosystems can reduce the 

extent and intensity of floods, thus reducing the risk of damage to build environments (UN et al., 

2014). For accounting purposes, the service providing areas (SPA) correspond to the service 

supply, while the service demanding areas (SDA) to the service use. In this paper, we aim to review 

the existing modelling approaches for flood regulation and define the most appropriate for NCA; 

to examine how flood regulation can be quantified at different scales and define the appropriate 

mapping units for such quantification.  
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The main objective of this work is how to identify the most appropriate models for a generation of 

flood control indicators and how they can be integrated for the needs of ecosystem accounting. 

2. Methodology 

In general, the diagram (Figure 1) below shows the approach we follow in our work. This seven-

step methodology should be considered as preliminary and experimental at this stage. 

 

Figure 1. Proposed approach for flood control accounting 

2.1. Paper Review 

Just as any research begins with a review of papers on the subject, so this development follows the 

same principle of action. We started with the review within the project “MAIA”. The search for 

the articles took place in several world search engines, using keywords. When we drew the line, 

286 water related materials had been accumulated, which include reports, research papers, 

dissertations, project results, etc. We developed in MS Excel metadata for each of the found 
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materials. This metadata contains information about case studies, papers that contain an ecosystem 

service or services, models used, whether accounting has been applied, and many other details. To 

continue with the analyses, we selected only research papers (148 in number). In this work we 

focus on flood control, so we used the available database from “MAIA” and selected papers that 

address this topic. There were 40 papers published, which have been analysed.   

We used basic statistics in MS Excel to determine (1) the number of models used in each paper, 

(2) the number of papers each of the models is used, (3) the number of papers a model is used as 

the primary model and (4) the number of papers each of the main models is the only one model. 

We used four analyses which are important for our study, because thanks to them, the most used 

models of the considered papers are derived. In order to reach the data that we can use as parameters 

for modelling the flood control service, we need to study what input requirements the main models 

have, which will come out of the above analysis.  

The most used models were subjected to more in-depth analysis in terms of four main criteria: (i) 

spatial scale of analysis; (ii) time scale of analysis, (iii) description of spatial data used and the 

level of details, and; (iv) data requirements - key input data. All four criteria are important for us, 

given the data we have and those we need to obtain, because: (1) we are looking for a model to 

apply to the entire territory of Bulgaria and/or in areas with similar natural features, i.e. larger areas; 

(2) we need to know the time range to ensure the correct data; (3) for the level of security of the 

study, we are informed by how the spatial data were obtained; and (4) data as indicators for flood 

control modelling.  

2.2. SPAs and SDAs (preliminary & test) 

To test the proposed methodology, we decided to use an alternative approach to obtain the service 

providing and service demanding areas for the flood control service. As an indicator, we took the 

results of biophysical modelling with the GIS instrument AGWA, which uses the hydrological 

model KINEROS (Nedkov and Burkhard, 2012; Boyanova et al. 2016). The results of this 

modelling represent the potential of the area for flood control and are determined expertly based 

on a six-point scale, using the matrix approach. Ratings range from 0 to 5, with the lowest being 

“no relevant supply” and the highest being “very high relevant supply”. To derive SPAs, we select 

the categories that received higher grades, and SDAs represent those with lower values. The idea 
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here is that SPAs meet the potential of service ecosystems and SDAs meet the need for services. 

The range of SPA and SDA is reported using a 1 km grid. 

3. Results 

3.1. Paper Review 

In order to establish the relevant flood accounting data as indicators at the national level, as well 

as the adequate models, we recalculated the initial statistics in MS Excel. The first analysis (Figure 

2) we present here is regarding the number of models used in each paper. The results show that the 

number of models in each paper varies from 1 to 5.  

 

Figure 2. The number of models per paper 

The second analysis shows the distribution of the models among these 40 papers e.g. the number 

of papers particular model have been applied to (Figure 3). Four models can be defined as the most 

used SWAT, InVEST, KINEROS, and ARIES. Each of them has been used in four or more papers. 

Models that are present in only one paper fall into the “Others” category of the chart. 
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Figure 3. The number of papers each of the models is used 

The third analysis shows the number of papers each of the four main models was used as the first 

one (Figure 4). This does not change the statistics for the SWAT and KINEROS models, but ARIES 

and InVEST the papers decrease by 2 for each of them. 

 

Figure 4. The number of papers a model is used as the primary model 

The fourth analysis gives information on the number of papers each of the four main models is the 

only one used (Figure 5). There is a significant decline in SWAT compared to previous statistics. 

 

Figure 5. The number of papers where the main models are applied as the only one model 

Comparing the last two analyses we can conclude that in ARIES and KINEROS there are no 

changes in the statistics, InVEST was used as the first/main model in seven papers and as the single 

model in six papers, and the largest disparities are observed in the SWAT model as it is the main 

model in 12 of the papers and single one in seven papers. 
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The idea of these four analyses was to select the most appropriate models, and we were able to 

highlight the four most used models. This gives us reason to conclude that the analysis of these 

models cannot stop here, because each of them, although used in a different number of papers, has 

different specifics. Therefore, the analysis should be further developed.  

In Table 1 we present the input requirements for the main models in terms of Spatial scale of 

analysis, Time scale of analysis, Description of spatial data used and the level of details, and Data 

requirements - Key input data. Absolute matches in all four models for the four exponents are 

bolded. This in turn does not exclude the other types of data they use in modelling. 

Table 1. Input requirements for each of the four models 

 

Based on the previous analysis, we can derive the potential parameters for flood control modelling. 

To summarize the modelling of the flood control in these models depends on the components of 

the natural processes - land cover, soil cover, slope, DEM, water storage, infiltration, and climate 

data, etc. The models compile these components and determine homogeneous mapping units, 

which are classified based on their characteristics to define the service providing area (SPAs) for 

flood control. In relation to accounts, the identification of the SPAs is of crucial importance for the 

calculation of the actual flow and further development of the flood control accounts. 
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3.2. SPAs and SDAs (preliminary & test) 

The results for the flood control service areas represent the potential of the ecosystem service, and 

those for the service demand areas represent the need for it. As can be seen from Figure 6, the SDA 

has a significantly smaller range in the territory of the municipality of Etropole. SDAs are located 

mainly in the floodplains of the Malak Iskar River. Here we illustrate the process in a GIS 

environment for modelling the capacity to provide the flood control service and crossing it with a 

1 km grid. 

Figure 6. The Service Providing Areas (SPA) and the Service Demanding Areas (SDA) in 

Etropole municipality 

4. Discussion 
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GIS-based modelling can provide the necessary data for various aspects of the water cycle that can 

be used as indicators for Ecosystem Accounting. There are different models and approaches for 

modelling the flood control service. The KINEROS hydrological model is applicable for small 

catchments, which is one of the main limitations of the alternative approach. The use of other 

models (hydrological, hydraulic, specially designed for ecosystem services) can help to overcome 

this limitation. The identification of the areas for provision and demand of the flood control service 

in this testing is based on the quantitative results of the model which are “normalized” to a relative 

scale, so this is a source of uncertainty. 

The proposed approach for Ecosystem Accounting at this stage is basic and experimental and 

should be further developed in the future. The main result of this work is the selection of the 

appropriate models and the derivation of potential parameters for modelling the flood control 

service. The accounting of the flood control for the Etropole municipality with the KINEROS 

model is to be just the beginning and is to be done with the other models presented as the main 

models in the present study. This is ongoing work and we have yet to develop a methodology for 

selecting flood control indicators. So, the next step in the process is to study what we will get at 

the output of the models to use it as an indicator for flood control accounts. 

5. Conclusion 

Flood control is considered as one of the main regulating ecosystem services by SEEA-EEA. Forty 

papers are subjected to an in-depth analysis to identify the most relevant models for flood control 

accounting, as well as what input requirements they need to display appropriate results. The paper 

review shows SWAT, InVEST, KINEROS, and ARIES models as the most suitable for flood 

control modelling. The parameters for flood modelling mainly are land cover, soil cover, slope, 

DEM, water storage, infiltration, and climate data. 

With the test of the proposed approach, we demonstrate how the results of the assessment of the 

flood control service can be used to take into account the potential (SPAs) and demand (SDAs) for 

ecosystem services at the municipality scale.  
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