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Abstract. Urbanisation poses significant challenges to a water resource management, especially in areas where wa-
ter demand is increasing. This study focuses on the impact of the urban environment on surface and groundwater 
recharge in Sofia, Bulgaria, using a geographic information system (GIS) approach. The study integrates geospatial 
data and land use analysis to assess surface and groundwater recharge in an urban environment. The results reveal the 
complex interplay between urban development and water recharge, providing insight into areas experiencing stress 
and potential opportunities for sustainable water management. The GIS-based analysis improves understanding of the 
city‘s hydrological and hydrogeological system and provides information about informed decision-making on water 
resource sustainability in the face of increasing urbanization.
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Introduction

The quantity of surface water and groundwater 
depends on natural and anthropogenic factors, in-
cluding urbanisation, industry, agriculture, etc. The 
decrease in population in villages and small towns 
leads to a proportional increase in the number of 
inhabitants in cities. According to some publica-
tions, the actual number of people living in Sofia is 
over two million. It has the 14th largest population 
in the European Union. The increase in population 
has been linked to an increase in the construction 
of housing and other office buildings, leading to a 
reduction in green spaces and the discharge of a sig-

nificant proportion of rainfall into the sewerage sys-
tem, which directly affects groundwater and surface 
water recharge. The dynamic interaction between 
urbanisation and water resources is fundamental to 
the sustainability of any city. The case of Sofia is 
no exception.

With the use of GIS, it becomes possible to cre-
ate, store and process large amounts of information. 
The purpose of this study is to gather information 
and process data from the Metropolitan Municipal-
ity‘s General Development Plan to locate areas of 
the urban environment with different surface runoff 
and groundwater forming conditions and determine 
how this affects water balance elements.
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Study area

The territory of Sofia Municipality falls within the 
boundaries of West Balkan Mountain, the Sofia 
Valley, Lyulin, Vitosha and Plana mountains and 
Ihtimanska Sredna Gora. The municipality is divid-
ed into 24 administrative districts.

The formation of groundwater depends on the 
geological structure. The Sofia Basin is filled with 
Quaternary alluvial and proglacial sands, gravels 
and clays, underlaied by Neogene terrigenous rocks. 
The surrounding mountains are built up of variety 
of igneous (effusive and intrusive), sedimentary 
(terrigenous and carbonate) and to a lesser extent 
metamorphic rocks.

In terms of surface water, the main one is the 
Iskar River. The tributaries of the Iskar River are 
the Vitoshka Bistritsa, the Perlovska River, the Le-
snovska River, the Blatna River, the Zheleznishka 
River, the Shipochanitsa, the Planstitsa. Fractured 
waters in igneous and metamorphic rocks occur 
in the southern parts of the municipality, includ-
ing most of the districts of Bankya, Ovcha Kupel, 
Vitosha, Pancharevo. Karst waters are found in the 
southern slopes of Stara Planina Mountain.

The groundwater of major importance for the 
municipality‘s water supply is the Neogene–Qua-
ternary groundwater, occupying the central part of 
the municipality. Their level is at a shallow depth 
below the ground surface. Quaternary waters are 
attached to alluvial and proglacial river deposits. 
In the Danube Region Basin Directorate, they are 
included in groundwater body BG1G00000NQ030 
Groundwater in the Neogene–Quaternary Sofia Ba-
sin, which has an area of 1090 km2. The groundwa-
ters are non-pressure. Their regime depends on the 
amount of rainfall and surface runoff. Within the 
scope of Sofia Municipality falls the central part of 
BG1G00000NQ030 with an area of 653 km2. Atten-
tion is drawn to the areas of Sofia (excluding subur-
ban areas), the territory of which is entirely within 
the boundaries of the Neogene–Quaternary pore 
water in the Sofia Basin. This area of 230.44 km2 is 
the subject of the present study.

Data and research methods

The spatial data is highly accurate as it is based on 
the Sofia cadastre as well as publicly available digi-
tal data hubs. Precipitation and temperature data are 
from NASA‘s GEWEX/SRB archive (https://pow-
er.larc.nasa.gov.) for the period 2000–2022. Addi-
tional research on the data has been conducted in 
the course of this work. The collected information 
has been integrated into a GIS database. The spatial 
processing of the data was done using ArcGISPro 
and ArcMap.

Numerical data with polygons for water areas 
and green areas and for built-up areas – residential, 
industrial, public in Sofia Municipality for the years 
2007, 2011 and 2022 were used. Street network is 
not taken into account in the study due to its visu-
alization in GIS environment as a linear file. The in-
formation on it will further reduce the area of avail-
able recharge areas, as the water from rainfall goes 
into constructed drains and not for recharge.

For the purpose of the study, the built-up areas 
from 2007, 2011, 2022 falling within the Neogene–
Quaternary pore water in the Sofia Basin were sep-
arated. Green areas, water bodies were also sepa-
rated. Areas with agricultural land and other unde-
veloped areas are marked as open space area. For a 
more detailed study, data for 2022 were selected.

Different methods have been applied to analyze 
the water regime, balance and recharge of surface 
and groundwater (Orehova, Gerginov, 2021; Mam-
moliti et al., 2021). 

From the precipitation and temperature data, the 
actual evapotranspiration by Turk‘s formula (Casta-
ny, 1968). Based on the precipitation and evapo-
transpiration, the magnitude of recharge for surface 
runoff and groundwater for the period 2000–2022 
was established. This allows to calculate by how 
much the recharge decreases due to development 
for 2022 by region. A comparative assessment of 
the municipalities which areas fall entirely within 
the groundwater body under consideration BG-
1G00000NQ030. 

Results and discussion
After processing the annual mean temperature and 
precipitation change data for the period 2011–2022 
using Turk’s formula, it was determined what por-
tion of this goes to evapotranspiration and how 
much goes to surface runoff generation and subsur-
face recharge water. It was found that these values 
differ significantly, depending on the climatic con-
ditions for a given year. For example, the magnitude 
of water quantities going to recharge under undis-
turbed conditions in the area under consideration 
varies from 7.67 to 111.68 m3/year (Fig. 1).

Urban development mostly results in runoff 
of fallen precipitation into the sewerage network. 
This reduces the amount of rainfall that could po-
tentially go to recharge surface and groundwater. 
The comparison made between the built-up areas 
for 2007, 2011 and 2022 identifies an increase of 
5 km2 at the expense of vacant land. From the spa-
tial analyses and calculations made, it can be seen 
that the reduction in the area, the area of the built-
up area of the area and the change in climatic con-
ditions. It is found that due to built-up areas, the 
total reduction in surface water and groundwater 
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recharge potential, in study area, decreases by ap-
proximately 49%. With the greatest % loss of total 
runoff is in the Serdika, Iskar, Mladost and Vrub-
nitsa areas (Table 1).

Conclusion
Urbanisation, occurring at a rapid pace and scale, is 
changing the way we live, work and interact with our 
surroundings. The most visible of Bulgaria‘s cities is 

in Sofia, as the city continues to develop and expand. 
With this evolution, however, come critical challeng-
es related to the management and recharge of surface 
and groundwater. With the help of GIS technologies, 
we can quickly assess changes in land cover and de-
termine the effects of urbanization. 

The study provides urban planners with informa-
tion on the impact of the urban environment on water 
recharge and an opportunity to increase urban resil-
ience by planning infrastructure and creating strate-

Fig. 1. Map of Sofia Municipality (https://sofiaplan.bg/portfolio/oup-sofia/) with the surveyed area and results from analyses.
1, GWB BG1G00000NQ030; 2, area of study; 3, municipality; 4, green areas; 5, open space area; 6, built-up area – 2022.

https://sofiaplan.bg/portfolio/oup-sofia/
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gies to protect surface and groundwater under climate 
change. The results obtained are preliminary and could 
be used as a basis for more detailed additional stud-
ies and analyses related to qualitative and quantitative 
patterns and features and with the updating of natural 
resources and water assessment balance.
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Table 1. Open space and built-up areas by municipality, amount of runoff (Vh m3/year) reduced and its wt % in relation to the 
total runoff

No Municipality Area
(km2)

Built-up area
 (km2)

Free area
(km2)

Vh 
m3/year

% reduces 
from total 

runoff
1 Sredets 3.00 2.11 0.89 0.51 0.9
2 Krasno Selo 6.01 4.83 1.18 1.17 2.1
3 Vazrazhdane 2.97 2.50 0.47 0.61 1.1
4 Oborishte 2.62 2.21 0.40 0.54 1.0
5 Serdika 18.78 11.26 7.52 2.73 4.9
6 Poduyane 10.72 8.32 2.40 2.02 3.6
7 Slatina 13.69 8.49 5.20 2.06 3.7
8 Izgrev 4.19 2.48 1.71 0.60 1.1
9 Lozenets 9.23 5.77 3.47 1.40 2.5

10 Triaditsa 9.26 5.35 3.91 1.30 2.3
11 Krasna Polyana 9.83 4.79 5.05 1.16 2.1
12 Ilinden 3.26 2.60 0.66 0.63 1.1
13 Nadezhda 21.08 8.91 12.17 2.17 3.9
14 Iskar 25.90 10.32 15.58 2.51 4.5
15 Mladost 16.55 10.07 6.48 2.45 4.4
16 Studentski 9.13 5.03 4.09 1.22 2.2
19 Lyulin 20.50 8.82 11.68 2.14 3.8
20 Vrabnitsa 43.72 9.87 33.85 2.40 4.3
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