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EVALUATING GIS BASED WATER BUDGET  
COMPONENTS APPLICABILITY AND AVAILABILITY  
FOR THE LAGAN RIVER CATCHMENT
UTVÄRDERING AV GIS-BASERADE VATTENBUDGETS- 
KOMPONENTER FÖR LAGANS AVRINNINGSOMRÅDE  
UTIFRÅN TILLÄMPLIGHET OCH TILLGÄNGLIGHET 

Abstract
Using open-access data sets on water and soil from Swedish authorities and compiling them in a QGIS-pro-
gramme made it possible to present and visualise the water budget of the Lagan River Catchment. Based 
on the estimations of the water volume in groundwater reservoirs and lakes the total maximum available 
volume in the Lagan River Catchment area was determined to be 9.36 km3. Of this 75.9% (7.10 km3) 
is found within groundwater reservoirs and 24.1% (2.26 km3) is present in lakes. This study indicates 
that GIS-based parameters are useful for specifying what a water budget in a catchment area looks like. 
The use of GIS-based parameters also allows for the development of interactive maps which can be used 
to visualize different conditions in the catchment area. In addition, many people who work with water 
management have a good habit of using GIS tools. Utilizing open data sources means that the number of 
additional measurements can be kept low. Furthermore, the use of open sources contributes to increased 
transparency in the development process.

Sammanfattning
Med hjälp av öppna datakällor från svenska myndigheter om vatten och mark vilka sammanställdes i ett 
QGIS-program var det möjligt att presentera och åskådliggöra vattenbudgeten i Lagans avrinningsom-
råden. Den sammanlagda vattenmängden i avrinningsområdet kunde uppskattas till 9,36 km3 varav 75,9 % 
(7,10 km3) är grundvatten och 24,1 % (2,26 km3) finns i sjöarna i området. Studien pekar på att GIS- 
baserade parametrar är användbara för att precisera hur en vattenbudget i ett avrinningsområde ser ut. 
Vidare möjliggör även användandet av GIS-baserade parametrar framtagandet av olika interaktiva kartor 
för att visualisera olika förhållanden i avrinningsområdet. Många som arbetar med vattenförvaltning har 
därtill en god vana vid att använda GIS-verktyg. Användandet av öppna datakällor från myndigheter 
innebär få eller inga kompletterande mätningar behöver göras i fält. Vidare bidrar användandet av öppna 
källor till en ökad transparensen när vattenbudgeten tas fram. 
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Introduction
Problems related to high levels of freshwater scar-
city have traditionally been associated with arid ar-
eas with low natural water availability (Mekonnen 
& Hoekstra, 2016). However, in recent years the 
number of high water scarcity level reports have 
increased from previously unaffected areas (Wada 
et al., 2013). One reason behind this is the rapid 
increase in the total global population and quality 
of life over the last few decades (Pereira, Cordery, 
& Iacovides, 2009). This is especially evident in 
the growing urban populations around the world, 
where a higher population density combined with 
an increased demand of goods increase the stress 
on water resources as well as other natural resources 
(Jiang, 2009). 

Another important reason beside the increased 
stress on existing water bodies is that it is becoming 
impossible for the developed country to ignore the 
inevitable effects of climate change (Schewe et al., 
2014). While extreme events such as droughts and 
flooding have previously been isolated incidence in 
the developed countries, the increased occurrence 
and severity of these events have highlighted the 
importance of water resource management, even in 
areas previously unaffected (Mekonnen & Hoek-
stra, 2016; Schewe et al., 2019).

In Sweden one of the more prominent recent 
drought took place in 2018, when large parts of 
Sweden, as well as northern and central Europe, 
was hit by the worst heatwave in approximately 
500 years (Fennell et al., 2020; Veijalainen et al., 
2019). As a result, many municipalities in Sweden 
were struck by high water scarcity levels and forced 
to implement temporary outdoor water-use restric-
tions and irrigation bans (Sjökvist et al., 2019). 
Despite this, many municipalities experienced 
disturbed recharge rates leading to the depletion 
of many groundwater reservoirs in the months 
following the peak of the drought (Åström et al., 
2019). 

Though the depletion of groundwater reservoirs 
underscores the extreme water stress some regions 
in Sweden experienced in the months following the 
2018 drought, it first and foremost highlights the 
lack of a quantitative understanding in the current 

water resources management. While often driven 
by good intentions, most methods for the quan-
tification of freshwater levels are heavily reliant 
on projections, assumptions, and interpolations 
(Banks et al., 2011; Krysanova & White, 2015; 
Ritchie, 1981) This not only makes it difficult to 
properly quantify individual water bodies but in-
troduce a high level of epistemic uncertainty to any 
attempt to assess the total available volume (Buly-
gina & Gupta, 2009; Chen et al., 2011). 

Beside from the difficulties associated with the 
current available methods for the quantification of 
water bodies, water resource management is fur-
ther complicated by the lack of a broad approach 
(Heathcote, 2009). Rather than developing a man-
agement system based of the natural movement 
and delineation of water sources, the supervision 
and management of water bodies have historically 
been incorporated into pre-existing administrative 
units (Liu et al., 2020). Given that water seldom 
follows man-defined administrative borders water 
resource management, the bigger picture is often 
lost or diminished, as emphasis historically have 
been placed on pressing local matters (Pollard & du 
Toit, 2005). However, with water scarcity quickly 
becoming a wide-spread problem, there is an am-
plified need to improve the accuracy and reliability 
in the quantification of groundwater reservoirs and 
surface water bodies. 

Research question & delimitation 
In this study we aim to explore to what extent the 
assessment of open-source data through the appli-
cation of Geographical Information Systems (GIS) 
based approach can be used to assess the maximum 
volume of available water in a catchment area. 

To the limit the amount of data assessed, only 
groundwater reservoirs in the saturated soil and 
lakes were included in the final assessment. How-
ever, future assessments aim to include confined 
bedrock aquifers, rivers, and streams, as well as 
some level of uncertainty analysis to strengthen the 
reliability of the assessment.  
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Materials and methods
Study area description
The Lagan River catchment is located in the south-
western parts of Sweden, see figure 1. Stretching 
244 km from Tahesjön in the north to Fagerhulta- 
sjön in the south before entering Kattegat at Snap-
parp, the Lagan River and its tributaries drain an 
area of 6 445 km2. 

The catchment area consists of four counties 
and seventeen municipalities. Of the four coun-
ties (Skåne County, Halland County, Kronoberg 
County, and Jönköping County) a vast majority 
of the catchment (86.4%) can be found with-
in Jönköping County (53.1%) and Kronoberg 
County (33.3%). Of the seventeen municipali-
ties within the catchment area the three largest 
Ljungby (22.5%), Värnamo (18.5%) and Vag-
geryd (12.2%) make up more than half of the 
catchment area (53.2%), with the rest of the 
catchment being located within Sävsjö (9.8%), 

Laholm (9.4%), Markaryd (7.8%), Nässjö (3.9%), 
Gnosjö (3.7%), Gislaved (3.2%), Hylte (2.6%), 
Jönköping (1.9%), Alvesta (1.9%), Växjö (1.0%), 
Örkelljunga (1.0%), Halmstad (0.3%), Hässle-
holm (0.2%), Älmhult (0.1%). In addition, there 
are 50 urban areas with a  population of over 200 
within the catchment area, with Värnamo (19778) 
and Ljungby (16052) being the only two major 
with a population of above 10000 (SCB, 2021).

The landscape is dominated by mixed conifer-
ous forest, although agricultural land makes up a 
large percentage of the southwestern parts of the 
catchment area. The major economic activities in-
clude forestry, agriculture, energy production, as 
well as light- and heavy industry. 

From a water perspective, the Lagan River catch-
ment area is one of Sweden’s most important wa-
ter sources, as more then 500 000 people depend 
on the continuous water supply from the many 
lakes and groundwater reservoirs located within 

Figure 1. Map showing 
the delineation of the 
Lagan River Catchment 
area. 
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the catchment. Out of these, the largest lake, Lake 
Bolmen, also happens to be the most important 
and largest water source, with a mean withdrawal 
of 1 400 l/s (Sydvatten, 2015). 

Included GIS-based parameters
For this study the following nine parameters 
were included: main catchment area, topography, 
municipal borders, county borders, lakes, mean 
depth, groundwater reservoirs, soil composition, 
soil depth. As software, QGIS version 3.16.6 and 
3.16.10 were used to prepare, analyse, and map the 
identified data components.

Geographical parameters 
Geographical parameters are often used to visual-
ize and understand the effect different physical fea-
tures have on the path and delineation of the water 
(Liu et al., 2020). This is especially true when as-
sessing drainage lines and sink from a catchment 
perspective. In addition to visualize the delinea-
tion, the use of geographical parameters such as 
“Main catchment area” can also be applied when 
analysing the movement, flow, and connectivity of 
surface water and groundwater (Krause & Bron-
stert, 2005). 

In this study, the delineation of the Lagan River 
Catchment area was obtained from SMHI through 
the datafile “Haro_y_2016.shp” available through 
the database Vattenwebb, see “Main catchment 
area (HARO)” in table 1. The information was 
then then imported to a new QGIS library, see 
“A” in figure 2. For the visualization of the main 
catchment area was then imported to a new QGIS 
library, see “A” in figure 2. 

Another important geographical parameter is 
the topography. Most commonly used in the as-
sessment of the natural movement and flow of wa-
ter (Liu et al., 2020), the parameter can also be 
used when assessing sediment transport (Llena et 
al., 2019), and effects of increased levels of organic 
compounds within a catchment area (Lintern et 
al., 2018). 

In this study, information regarding the topogra-
phy of the Lagan River Catchment area was deter-
mined using the “Fill Sinks xxl” module developed 

by Wang & Liu available within the SAGA-QGIS 
software (Wang & Liu, 2006). The data was then 
fitted to the predefined catchment delineation us-
ing the geoprocessing tool “Clip Raster by Mask 
Layer” available in QGIS 3.16.6, see “B” in figure 2. 

Administrative borders
The delineation and visualization of administra-
tive borders is predominately used to identify legal 
boundaries and the division of responsibilities be-
tween authorities (Pollard & du Toit, 2005). The 
parameter “Municipal borders” is especially used 
to assess the division on a local scale. However, the 
parameter can also be used when assessing issues 
related to land use. 

Similar to municipalities, counties also play an 
important role in water management. Visualizing 
the range of county borders is a useful tool when 
trying to understand the legal jurisdiction within 
an area (Pollard & du Toit, 2005). Predominately 
used to identify regional authorities responsible of 
a specific lake or groundwater reservoir (Heath-
cote, 2009), the parameter can also be used to 
identify areas with overlapping jurisdiction and 
shared water bodies (Griffin, 2016).

In this study, information regarding both the 
parameter “Municipal borders” and “County 
borders” within the Lagan River Catchment was 
obtained from SCB through the database Digitala 
gränser, see “Municipal borders” and “County bor-
ders” in table 1.  The data was then fitted to the 
predefined catchment delineation using the geo-
processing tool “Clip” available in QGIS 3.16.6, 
see “C” and “D” in figure 2. 

Surface water bodies
The delineation of lakes is often used when as-
sessing hydromorphological factors such as area 
(Krysanova & White, 2015), and connectivity of 
specific water columns (Eini et al., 2020). 

In this study, information regarding the location 
and area of lakes within the Lagan River Catch-
ment was obtained from SMHI through the da-
tafile “Vattenytor_SVAR_2016_3.shp” available 
through the database Vattenwebb, see “Lakes” in 
table 1. The data was then fitted to the predefined 
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catchment delineation using the geoprocessing 
tool “Clip” available in QGIS 3.16.6, see “E” in 
figure 2. 

Another parameter used in the analysis of sur-
face water bodies is “Mean depth”. Most common-
ly used when assessing the fixed capacity of lakes, 
mean depth can also be used to assess the structure 
of surface water bodies (Bulygina & Gupta, 2009). 

In this study, information regarding the mean 
depth of lakes within the Lagan River Catchment 
was obtained from SMHI through the datafile 
“sjödata_shape.shp” available through the database 
Vattenwebb, see “Mean depth (lakes)” in table 1. 
The data was then fitted to the defined groundwa-
ter reservoirs using the geoprocessing tool “Clip” 
available in QGIS 3.16.6, see “F” in figure 2.

Geohydrological parameters
Geohydrological parameters are often used when 
assessing factors such as the natural delineation 
(Heath, 1983), and carrying capacity of ground-
water reservoirs (Liu et al., 2020).

In this study, information regarding the loca-
tion and area of groundwater reservoirs within 
the Lagan River Catchment was obtained from 

SGU through the datafile “Grundvatten 1:1 mil-
jon” available through the database Geolagret, see 
“Groundwater reservoirs” in table 1. The data was 
then fitted to the predefined catchment delinea-
tion using the geoprocessing tool “Clip” available 
in QGIS 3.16.6, see “G” in figure 2. 

Another useful geographical parameter when as-
sessing the delineation of groundwater reservoirs is 
“Soil depth”. By assessing the soil depth of a spe-
cific reservoirs, the height of the reservoir can be 
estimated (Gassman et al., 2007).

In this study, information regarding the soil 
depth, d, within the Lagan River Catchment was 
obtained from SGU through the datafile “Jord-
djup_10x10m.tif ” available through the database 
Geolagret, see “Soil depth” in table 1. The data was 
initially converted into an ESRI Shapefile (.shp) 
using the geoprocessing tool “Polygonize” and fit-
ted to the defined groundwater reservoirs using the 
geoprocessing tool “Clip Raster by Mask Layer” 
available in QGIS 3.16.6, see “I” in figure 2. 

To assess the carry capacity of groundwater res-
ervoirs, “Soil composition” was included in the as-
sessment (Liu et al., 2020; Ritchie, 1981). While 
predominately used in hydrological modelling, soil 

Parameter Data host Data storage Data source Format

Main catchment area 
(HARO)

SMHI Vattenwebb Haro_y_2016 ESRI Shape (.shp)

Municipal borders SCB Digitala gränser Kommun_Swer-
ef99TM_region

ESRI Shape (.shp)

County borders SCB Digitala gränser Lan_Sweref99TM_re-
gion

ESRI Shape (.shp)

Topography NASA / NGA Shuttle Radar 
Topography Mission 
(SRTM)

SRTM-Downloader 
3.1.13

TIFF (8-bit)

Groundwater reservoirs SGU Geolagret Grundvatten 1:1 
miljon

ESRI Shape (.shp)

Soil composition SGU Geolagret Jordarter 1:1 miljon TIFF (8-bit)

Soil depth SGU / SLU Zeus.SLU.se Jorddjup_10x10m TIFF (8-bit)

Lakes SMHI Vattenwebb Vattenytor_
SVAR_2016_3

ESRI Shape (.shp)

Mean depth (lakes) SMHI Vattenwebb sjödata_shape ESRI Shape (.shp)

Table 1. Table showing the nine GIS-layers used in the assessment of total maximum available volume 
in the Lagan River Catchment..
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Figure 2. The nine GIS-layers used in the assessment of total maximum available volume in the Lagan River Catchment. 
A) The Lagan River Catchment Area B) Topography, meter above sea level C) Municipal boundaries D) County boundaries
E) Lake area (m2) F) Mean depth, lakes (m) G) Area, groundwater reservoirs (km2) H) Soil depth, groundwater reservoirs (m)
I) Soil composition, groundwater reservoirs
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composition can also be used in water management 
to identify areas with high potential evaporation (Ji 
& Unger, 2001).

In this study, information regarding the soil 
composition within the Lagan River Catchment 
was obtained from SGU through the datafile “Jord-
arter 1:1 miljon.tif ” available through the database 
Geolagret, see “Soil composition” in table 1. The 
data was then fitted to the defined groundwater 
reservoirs using the geoprocessing tool “Clip Raster 
by Mask Layer” available in QGIS 3.16.6. Next the 
data was converted into an ESRI Shapefile (.shp) 
using the geoprocessing tool “Polygonize”, see “H” 
in figure 2. 
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To assess the total available water in the Lagan Riv-
er Catchment the maximum volume must first be 
obtained for each individual lake and groundwater 
reservoir within the catchment area.

Starting with the lakes, the maximum available 
surface water, W, was determined for each individ-
ual lake, i, using:

where Ai is the area of lake I, and 
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where dn is the value on depth n where n = 1:N. 

Finally, the degree of saturation, S, was set for each available soil composition. Areas dominated by 
postglacial sand and gravel is given a coefficient of 0,3, areas dominated by glacifluvial sediment is 
given a coefficient of 0,25, areas dominated by glacial till is given a coefficient of 0,1, and areas 
dominated by rock is given a coefficient of 0,01. 

Based on the results, the total maximum available groundwater storage for the catchment area, �̂�𝐺, was 
determined using: 

�̂�𝐺 = ∑ 𝐺𝐺𝑞𝑞
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Results 
Of the 511 lakes within the catchment area, the maximum available volume could not be obtained for 
272 due to missing value for "Mean depth (m)", see A in figure 3. While constituting 53.2 % of the 
total number of surface waters, the total area only account for 12.8 % of the total surface water area.  

For the 239 lakes within the studied area, for which the maximum available volume could be obtained, 
the total maximum available volume freshwater was estimated to 2.26 km3, or 2.26 * 1012 liter. Of this, 

 is the mean 
depth of the lake.

The area, A, was obtained for all individual lakes 
from Vattenytor_SVAR_2016_3.shp.

Next, the mean depth, 
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Results 
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272 due to missing value for "Mean depth (m)", see A in figure 3. While constituting 53.2 % of the 
total number of surface waters, the total area only account for 12.8 % of the total surface water area.  
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Results 
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Results 
Of the 511 lakes within the catchment area, the maximum available volume could not be obtained for 
272 due to missing value for "Mean depth (m)", see A in figure 3. While constituting 53.2 % of the 
total number of surface waters, the total area only account for 12.8 % of the total surface water area.  

For the 239 lakes within the studied area, for which the maximum available volume could be obtained, 
the total maximum available volume freshwater was estimated to 2.26 km3, or 2.26 * 1012 liter. Of this, 
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was determined using:

Results
Of the 511 lakes within the catchment area, the 
maximum available volume could not be obtained 
for 272 due to missing value for “Mean depth 
(m)”, see A in figure 3. While constituting 53.2 % 
of the total number of surface waters, the total area 
only account for 12.8 % of the total surface water 
area. 

For the 239 lakes within the studied area, for 
which the maximum available volume could be ob-
tained, the total maximum available volume fresh-
water was estimated to 2.26 km3, or 2.26 * 1012 
liter. Of this, 1.91 km3, or 84.5 % of the total maxi-
mum available volume, was estimated to be located 
within the ten largest lakes, see table 2.

Of the 97 groundwater reservoirs assessed within 
the catchment area, the maximum available volume 
was obtained for all but one, see B in figure 3. 
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Results 
Of the 511 lakes within the catchment area, the maximum available volume could not be obtained for 
272 due to missing value for "Mean depth (m)", see A in figure 3. While constituting 53.2 % of the 
total number of surface waters, the total area only account for 12.8 % of the total surface water area.  
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postglacial sand and gravel is given a coefficient of 0,3, areas dominated by glacifluvial sediment is 
given a coefficient of 0,25, areas dominated by glacial till is given a coefficient of 0,1, and areas 
dominated by rock is given a coefficient of 0,01. 

Based on the results, the total maximum available groundwater storage for the catchment area, �̂�𝐺, was 
determined using: 

�̂�𝐺 = ∑ 𝐺𝐺𝑞𝑞

𝑄𝑄

𝑞𝑞=1
 

Results 
Of the 511 lakes within the catchment area, the maximum available volume could not be obtained for 
272 due to missing value for "Mean depth (m)", see A in figure 3. While constituting 53.2 % of the 
total number of surface waters, the total area only account for 12.8 % of the total surface water area.  

For the 239 lakes within the studied area, for which the maximum available volume could be obtained, 
the total maximum available volume freshwater was estimated to 2.26 km3, or 2.26 * 1012 liter. Of this, 
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For the 96 groundwater reservoirs, for which the 
maximum available volume could be obtained, the 
total maximum available volume freshwater was es-
timated to 7.10 km3 or 7.10 * 1012 l. Of this, 5.42 
km3 , or 76.5 %, of the total maximum available 
volume was estimated to be located within the ten 
largest aquifers in the studied area, see table 3.

Based on the estimations of the total maximum 
available volume in aquifers and lakes the total 
maximum available volume in the Lagan River 
Catchment area was determined to be 9.36 km3. 
Of this 75.9% (7.10 km3) is found within ground-
water reservoirs and 24.1% (2.26 km3) is bound 
in lakes. Maximum available volume (km3), lakes. 

Discussion
All data layers are available for free and as open ac-
cess data sets from Swedish Authorities. The results 
obtained from this study indicates that the use of 
GIS-based approaches, such as the one suggested 
in this paper in, holds several promises when ap-
plied on a catchment level.

First, no, or limited, additional sampling is re-
quired (Verma et al., 2012). This has several ben-
efits, as it not only is possible to get an adequate 
estimation without the need of a prolonged sam-
pling but ensure that the overall costs of each indi-
vidual assessment are kept at a minimum (Pereira 
et al., 2009). In addition, the use of open-access 
data further ensures that a high level of transpar-
ency is maintained throughout the assessment, as 
stakeholders and decision-makers are provided the 
same access as the one conducting the assessment 
(Martin et al., 2005). 

Secondly, GIS-based approaches allow for the de-
velopment of interactive maps (Martin et al., 2005). 
Though often overlooked, it is important to remem-
ber that the way we communicate results heavily in-
fluences how stakeholders and decision-makers per-
ceive the information (Witcher, 1999). By utilizing 
a familiar medium such as maps, managers not only 
decrease the risk of misunderstandings, but ensure 
that the information is made available to the broad 
masses. This is especially important during periods 

Figure 3. Maps showing the total maximum available volume of freshwater within the Lagan River Catchment. 
A) Maximum available volume (km3), groundwater reservoirs B) Maximum available volume (km3), lake
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of water scarcity, but also in the dialogue between 
local authorities and water intensive industries such 
as agriculture (Pereira et al., 2009).

Finally, another benefit with applying GIS-
based approach to the quantification of freshwa-
ter reserves is that many working within the field 
of water resource management are used to work 
within GIS-based programs and managerial tools 
(Gassman et al., 2007). This suggests that im-
plementing the approach suggested in this paper 
should be a straightforward affair. However, and 
more importantly, utilizing existing structures and 
competences allows assessments to be coordinated 
and carried out remotely (Verma et al., 2012). This 
is particularly important in remote and low-popu-
lated areas, as the lack of specialized personnel and 
limited fiscal space often restrict local authorities to 
carry out large-scale operations (Pollard & du Toit, 
2005).  

Though the initial case study conducted in the 
Lagan River catchment area show promising re-
sults, there are still plenty areas in need of further 
work before any general conclusion can be drawn. 
This includes structural changes such as an exten-
sion of assessed parameters and the inclusion of ad-
ditional waterbodies, but also an increased use of 
uncertainty analysis and quality assurance tools. In 

Table 2. Table showing the ten lakes with the highest 
maximal available volume (km3) within the Lagan  
River Catchment.

Name Municipality Volume 
(km3)

Bolmen Gislaved, Hylte, Ljung-
by, Värnamo

0.96

Vidöstern Ljungby, Värnamo 0.21

Flåren Ljungby, Värnamo 0.14

Rusken Värnamo 0.14

Unnen Hylte, Ljungby 0.11

Allgunnen Sävsjö, Växjö 0.11

Hindsen Värnamo 0.07

Kösen Ljungby 0.07

Furen Ljungby, Värnamo 0.05

Rymmen Alvesta, Värnamo 0.05

Table 3. Table showing the ten largest groundwater 
reservoirs with the highest maximal available volume 
(km3) within the Lagan River Catchment.

Name Municipality Volume 
(km3)

Värnamo- 
Ekeryd

Gnosjö, Vaggeryd, 
Värnamo

1.78

Skottorp-Ysby Laholm 0.87

Laholmslätten Laholm 0.65

Östra Karup- 
Våxtorp

Laholm 0.43

Mellbystrand Laholm 0.43

Laholm Laholm 0.37

Vaggeryd-Taberg Jönköping, Vaggeryd 0.36

Hinnerydsåsen, 
Torpa

Ljungby, Markaryd 0.21

Bergaåsen, 
Trotteslöv

Ljungby 0.17

Knäred Laholm 0.15

addition, further efforts are needed to strengthen 
the accuracy and reliability of the input data. This 
is especially evident when looking at a parameter 
such as mean depth from a quantitative perspec-
tive, where the inability to extract detailed infor-
mation regarding the depth of 272 lakes within the 
catchment area meant that these had to be exclud-
ed from the overall assessment. 

Conclusion
The high level of applicability combined with the 
low costs and potential of carrying out operations 
off-site suggest that the GIS-based approach pro-
posed in this paper could provide a useful tool to 
water resources managers working with quanti-
fying the total available volume of freshwater on 
a catchment level. However, further work is still 
needed to improve the accuracy and reliability of 
the suggested approach, including the addition of 
additional parameters and additional water bodies 
as well as the incorporation of uncertainty analysis 
in the assessment. 
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