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Introduction

The hydrological parameters of urban areas 
are undergoing significant artificial changes, 
which can be traced back to a variety of rea-
sons (Fletcher, T.D. et al. 2013). The pave-
ment materials and sewer systems change 
the properties of surface and groundwater. 
As a result of preferred impervious surfac-
es, the amount of surface runoff increases, 
in contrast to the storage and the residence 
time (Rodriguez, F. et al. 2008; Mejía, A.I. and 
Moglen, G.E. 2010; Kjeldsen, T.R. et al. 2013; 
Samouei, S. and Özger, M. 2020). Examining 
these processes is timely, as urban spatial and 
population growth is a fundamental trend in 
the 21st century (UN 2013; Wilby, R.L. 2019).

The flood hydrograph of the predominant-
ly artificially paved areas changes drastically, 
for which reason is short travel time and in-
tense flood waves can be expected (Shuster, 
W.D. et al. 2005; Lu, W. and Qin, X. 2020). 
Weather extremes that are intensifying as a 
result of climate change, such as heavy rain-
fall events, urban flash floods and droughts, 
are also having an impact on urban areas 
(van de Ven, F.H.M. 1990; Schmitt, T.G.  
et al. 2004; Jha. A.K. et al. 2012).

Each part of the city may have significantly 
different land cover, so for example, the pro-
portion of vegetation largely determines the 
efficiency of mitigation (Figure 1). The study 
of the various hydrological processes ongo-
ing within districts characterised by different 
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land cover structures is especially important. 
In order to install a drainage system with a 
high enough capacity to meet the demands 
of its city, knowledge about the expected vol-
ume of district level runoff, evaporation and 
infiltration are paramount (Thorndahl, S.  
et al. 2006; Li, C. et al. 2018). In addition to the 
artificial geometric elements (buildings, sur-
face infrastructure), the different land cover 
and surface morphology of the districts are 
shaped by the urban vegetation (Romnée, A. 
et al. 2015; Salvadore, E. et al. 2015).

Urban green spaces have multiple positive 
social and ecological effects on a city and its 
residents (Kolcsár, R.A. et al. 2021). Among 
the elements of green infrastructure – due to 
their size – the trees should be highlighted, 
which can also have a significant impact 

on hydrological processes 
through interception (Xiao, 
Q. and McPherson, E.G. 
2002; Holder, C.D. and 
Gibbes, C. 2016; Berland, 
A. et al. 2017; Huang, J.Y. 
et al. 2017; Kuehler, E.  
et al. 2017). The damping 
effects of urban trees and 
other green space elements 
are getting increasingly 
recognised and, thus, used 
to reduce the negative im-
pact of urbanisation on the 
water cycle (Brears, R.C. 
2018; Chatzimentor, A.  
et al. 2020). With these natu-
ral tools used in the place of 
grey infrastructure, urban 
water management can 
be made more sustainable 
and cost-effective, as well 
as a more liveable envi-
ronment for the citizens. 
By combining green infra-
structure with traditional 
elements, complex solu-
tions can be created which 
have the potential to reduce 
extreme and unwanted im-
pacts (Liu, C.M. et al. 2015; 

Berland, A. et al. 2017; Prudencio, L. and 
Null, S.E. 2018).

Knowledge of district level processes 
is also essential because most sustainable 
urban water management systems also fo-
cus on tackling problems at the local level. 
In addition to sustainable systems such as 
Low Impact Development (LID), Sustainable 
Urban Drainage Systems (SUDS), Water 
Sensitive Urban Design (WSUD), newer ini-
tiatives (Sponge cities) are building on the 
need to address water-related problems on 
local levels (Dietz, M.E. 2007; Fletcher, T.D. 
et al. 2015; Liu, C.M. et al. 2015; Palla, A. and 
Gnecco, I. 2015; Mak, C. et al. 2017). As a part 
of the sustainable urban water management 
systems, in addition to the importance of 
green infrastructure, it is necessary to em-

Fig. 1. Hydrological processes of different urban land cover
(based on FISRWG 1998)
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phasise the role of blue infrastructure. Blue 
infrastructural elements can be basically 
defined as the natural or semi-natural ele-
ments of the water network, which can also 
be found in urban environments (Haase, D. 
2015; Brears, R.C. 2018). These natural in-
frastructural elements can be applied at the 
system level – the so-called nature-based so-
lution (NBS) – which is outstandingly popu-
lar in today’s urban planning (Frantzeskaki, 
N. 2019).

The main goal in our research was to use 
hydrological modelling to examine districts 
with different land cover and to compare the 
hydrological processes taking place in their 
area, with a special focus on the role of vege-
tation in reducing runoff. In urban areas, due 
to the complexity and diversity of the envi-
ronment, it is important to use a model that 
prioritises vegetation not just as a land cover 
class (Jayasooriya, V.M. and Ng, A.W.M. 
2014; Pappalardo, V. et al. 2017; Coville, R.  
et al. 2020). In addition, it is important that the 
extent of surface runoff is handled accurate-
ly and exactly by the model. Based on these 
considerations and our previous research, the 
USDA Forest Service i-Tree Hydro (version 5) 
model was chosen (Nowak, D.J. et al. 2018).

Study sites and data

The study sites are located in Szeged, 
which is the central city of the Southern 
Great Plain Region of Hungary (168,000 
inhabitants) (KSH 2013). The area is char-
acterised by high sunshine duration and 
relatively low rainfall (the region is one of 
the most arid areas in the country). Con-
sequently, the area is heavily exposed to 
drought during the summer, which can be 
interrupted by intense rainfall (Bartholy, J.  
et al. 2014; Sábitz, J. et al. 2014; Mezősi, G.  
et al. 2016). Because of climate change, a more 
extreme distribution of summer precipitation 
is predicted (Balázs, B. et al. 2009). The annu-
al precipitation of 2015 – which was the base 
year of the modelling – was 450 mm, (slightly 
below the annual average) in Szeged.

The area of Szeged was significantly trans-
formed by the “big flood” in 1897, as a re-
sult of which a new radio-centric plan was 
formed. This design has significantly influ-
enced the future urban planning processes 
(Unger, J. and Gál, T. 2017).

One of our study sites is located in the 
strongly built-up downtown (further on in 
this document: Site1), while the other is locat-
ed in the outer, housing estate part of the city 
(further on in this document: Site2), which is 
a typical cityscape in larger Hungarian cities 
(Figure 2, Photo 1). Study sites with distinct 
building geometry and green space coverage 
provide a good basis for detecting and quan-
tifying the various hydrological properties 
that are present within the city. The selection 
of the study sites was based on the system of 
Local Climate Zones (LCZ) in Szeged (Unger, 
J. et al. 2014). In order to delineate these areas, 
a number of aspects are taken into account, 
such as land cover and surface geometry, 
which also indicate the expected hydrological 
conditions of the area. Being similar in size 
was one of the primary factors of the study 
site selection. Due to the alignment to the 
road network and buildings, however, there 
are still differences between these areas re-
garding their size. In order to avoid bias due 
to spatial differences, the data for the larger 
study site (Site2) were projected onto the size 
of the smaller sample area (Site1) (Figure 2).

Site1 is located in the downtown region, 
hence it is dominantly characterised by im-
pervious area at the expense of green areas  
(LCZ 3) (Unger, J. et al. 2014). A significant part 
of these green areas are alleys, but two larger 
urban parks are also present on the study site. 
The total area of the study site is 60.7 ha. The 
rate of impervious area is 61 percent (81%, if 
the impervious surfaces under the tree canopy 
are included), and the tree canopy coverage is 
31 percent of the area, while the herbaceous 
cover is around 7 percent (Figure 3 and 5).  
The annual precipitation is 450 mm, which 
means 273,268 m3 of rainfall fell on Site1.

Site2 is located in the north-eastern part of 
Szeged (LCZ 5), which can be characterised 
by midrise buildings and larger open spaces 
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Photo 1. The spectacle in the study sites: Site1 (A), and Site2 (B). (Photo taken by the authors)

Fig. 2. The spatial location of Szeged and the orientation of the study sites within the city
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(Unger, J. et al. 2014). The total area of Site2 
is 65.3 ha. The open spaces are covered with 
herbaceous and woody vegetation. The pro-
portion of the impervious area is 41 percent 

(63%, if the impervious surfaces under the tree 
canopy are included). The tree canopy covers 
43 percent of the area, while the herbaceous 
coverage is considerably more (14%), than in 

Fig. 3. Land cover proportion in Site1
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the case of Site1 (Figure 4 and 5). In 2015 ap-
proximately 294,013 m3 of rainfall fell on Site2.

These data show notable differences be-
tween the study sites in land cover, which 
also predicts differences in the hydrologi-
cal processes (Figure 5). Site2 is a typical 

housing estate area. Since housing estate 
areas are present in virtually every city in 
the post-socialist countries, this study may 
potentially provide useful information not 
only for Szeged but also for most cities in 
Central and Eastern Europe.

Fig. 4. Land cover proportion in Site2

Fig. 5. The land cover proportion of the study sites 
and the cover beneath under tree canopies
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Methods

For the modelling of the hydrological pro-
cesses, the USDA Forest Service i-Tree Hydro 
model (in the following: Hydro) was used. 
Unlike any other similar models, Hydro has 
the advantage to focus on vegetation in the 
urban environment. It can be used for a more 
accurate investigation of the relationships 
between precipitation and vegetation. The 
results can provide data on surface runoff 
(and its distribution on different surfaces), 
vegetation processes (interception, evapo-
ration) and infiltration (Wang, J. et al. 2008;  
Hirabayashi, S. and Endreny, T.A. 2016). 
Since i-Tree Hydro was optimised to study 
areas within the United States, its adaptation 
to European cities had serious limitations. 

The model calculates the outputs based on 
three main groups of input data: meteoro-
logical, land cover, and soil data (Wang, J.  
et al. 2008; Hirabayashi, S. and Endreny, T.A. 
2016). The basic data of the model are from 
2015. The main parameters of meteorological 
data include liquid and solid precipitation, 
wind speed, air temperature, dew point and 
net radiation. The inputs come from compre-
hensive databases and have undergone mul-
tiple processing (i-Tree 2016). The meteoro-
logical data is provided by the Department 
of Climatology and Landscape Ecology of 
Szeged and the Szeged synoptic station.

One of the most important databases in the 
model contains the land cover categories of 
the study sites. To this end, it is necessary 
to classify land cover into six classes: im-
pervious areas, trees, shrub vegetation, her-
baceous vegetation, soil and water surface. 
Furthermore, it is necessary to define the 
land cover beneath the tree canopy accord-
ing to impervious and pervious categories (i-
Tree 2016). In order to define the land cover 
categories, eCognition 9.1. software was used 
through performing segment-based multi-
resolution classification. The designation of 
the categories was divided into two stages. 
In the first stage, the traditional land cover 
categories were specified. To create the basic 
categories, a 4-band Ultra Cam X orthophoto 

(2015) with a geometric resolution of 0.4 m 
was used. In addition to the orthophoto, a 
digital surface model (DSM) from 2015, a 
normalised digital surface model (nDSM) 
and a digital elevation model (DEM) were 
also utilised as additional data (Lechner 
Knowledge Center, 2015). An NDVI vegeta-
tion index map derived from the orthophoto 
was used to refine the vegetation categories.

In the first step, multi-resolution segmenta-
tion was used on the orthophoto and the oth-
er additional data (DSM, NDVI etc.) to create 
the basis of the classification. In the next step, 
with the help of the NDVI, the data was sepa-
rated into two main classes: vegetation and 
non-vegetation classes. After this step, the 
water, soil, and impervious categories were 
delineated with the use of different limit 
values and manual classification. We also 
used a building database of Szeged to filter 
out buildings (Department of Climatology 
and Landscape Ecology of the University 
of Szeged). For better differentiation within 
the vegetation category, we used DSM and 
nDSM data. With the help of these, the three 
different vegetation types (trees, shrubs, her-
baceous vegetation) were delineated based 
on their height. In the next step, the catego-
ries beneath the tree canopy were classified. 
A 3-band orthophoto from 2011 with a geo-
metric resolution of 0.1 m (Department of 
Geoinformatics, Physical and Environmental 
Geography of the University of Szeged) was 
used to categorise the surface under the tree 
canopy. In this step, only the surfaces under 
the tree canopies were used. For this deline-
ation, we relied on manual classification in 
eCognition. The result of these two classifi-
cation processes was a high-precision land 
cover category map, completed by a high-
precision sub-canopy database (Figure 6).

For the third input category, it is necessary 
to provide pedological data, which were de-
rived from the data of a field survey (Fejes, 
I. 2014). Regarding the physical soil type, 
there are only minimal differences between 
the two study sites, meaning that based on 
the data, the soil of both sites can be defined 
as sandy clay loam. Differences occurred in 
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the depth of the root zone (Site1 50 cm, Site2 
100 cm). Besides that, there are some other 
necessary soil inputs that need to be added 
to the model (surface hydraulic conductiv-
ity, initial soil saturation condition), and in 
the advanced options, more attributes can 
be added (e.g. transmissivity at saturation, 
pervious/impervious depression storage, 
transmissivity at saturation, soil macropore 
percentage etc.). The soil data affects the vol-
ume of runoff and infiltration, so specifying 
them accurately is paramount.

The most important output data is the total 
runoff, which consists of three components: 

the runoff of impervious as 
well as pervious surfaces 
supplemented by the base-
flow (Wang, J. et al. 2008). 
Infiltration can also be 
concluded from this data. 
Taking into account the 
land cover data and the soil 
data, the model also calcu-
lates the volume of infil-
trated precipitation (using 
the Green-Ampt infiltra-
tion equations). The role of 
vegetation can be shown 
by interception, evapora-
tion, and surface storage. 
These processes can be di-
vided into trees and short 
vegetation (which includes 
herbaceous and shrub veg-
etation) (Shuttleworth, 
W.J. 1992; Wang, J. et al. 
2008; Hirabayashi, S. and 
Endreny, T.A. 2016) (see 
Figure 6).

Results

Runoff-related results

The total runoff was estimat-
ed to be 140,595 m3 in Site1 
(51% of the total precipita-
tion) and 120,643 m3 (44% of 

the total precipitation) in Site2. These results 
imply a relationship between total runoff and 
the land cover structure. The total runoff of 
the study sites per month shows a similar rate 
(mostly lower in Site2, with the exception of 
October and November) (Figure 7).

By looking at the subcategories of the run-
off of the study sites, significant differences 
can be detected. The runoff of Site1 is deter-
mined by runoff on the impervious surfaces 
each month. The runoff of the impervious 
surfaces during the year shows a broadly 
uniform picture, with the exception of the 
months with low precipitation. The propor-

Fig. 6. The structure of the assessment and the modelling results
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tion of the baseflow increased in December 
and April compared to the other components 
of the total runoff (Figure 8).

In the case of Site2, due to the different 
land cover structures (higher proportion of 
pervious surfaces), different runoff ratios are 
observable. In this case as well – similarly to 
Site1 – months with low rainfall are the ex-
ceptions. During these months, the ratio of 
the baseflow relative to the other components 
of the total runoff is higher than in the case of 
the other months. These months are respec-
tively April, July and December (Figure 9).

The differences between the two areas are 
also reflected in the total volume of runoff 
throughout the year. Site1 has a higher run-
off rate due to lower vegetation cover, lower 
pervious surface ratio and, thus, less effi-
cient infiltration than Site2. In Site2, there is 
7 percent less runoff during the year, which 
means approximately 20,000 m3 difference.

In the runoff of pervious and impervi-
ous surfaces, an opposite ratio can be ob-
served between the two study sites, which 
is also due to the differences in land cover. 
Infiltration is also higher due to the higher 
proportion of pervious surfaces Site2. Due 
to its high building coverage, sparse vegeta-
tion and, thus, infiltration rate, Site1 in the 
downtown has significantly more surface 

runoff vast majority of it is 
flowing on an impervious 
surface. Infiltration is only 
29 percent of the precipita-
tion. A large proportion of 
the rainfall is being drained 
away in the downtown 
area, and only a small pro-
portion of it infiltrates into 
the soil. In the housing es-
tate area (Site2), the volume 
of runoff is lower compared 
to Site1, and a larger part of 
it flows on pervious surface 
(Table 1). The infiltration 
rate is 35 percent, meaning 

Fig. 7. Total runoff per month in study sites

Fig. 8. Runoff subcategories at Site1 per month

Fig. 9. Runoff subcategories at Site2 per month
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a larger volume of precipitation infiltrates 
in this case (Figure 10). According to the 
preliminary assumptions, the hydrological 
conditions in Site2 are more favourable from 
the point of view of water management. In 
Site1, water management development is 
also hampered by the fact that the densely 
built-up urban structure is hard to modify, so 
there is little chance that large-scale changes 
can be made in the area.

Vegetation-related results

The role of vegetation in hydrological pro-
cesses was investigated through two vegeta-
tion categories. One is the short vegetation 
(which includes herbaceous and shrub vege-
tation), and the other is the trees. Due to their 
size, as well as their structural and spatial 
proportions in the study sites, trees play a 
key role in modifying hydrological process-
es. The proportion of trees is significantly 

higher in Site2 than in Site1, which predicts 
higher interception and evaporation values.

Due to the higher tree canopy coverage, 
a larger volume of precipitation fell on the 
tree canopy in the case of Site2, with al-
most 35,000 m3. The volume of interception 
for Site1 is 10,502 m3 (3.8% of the total pre-
cipitation) and 14,759 m3 (5.4% of the total 
precipitation) for Site2. It is observable that 
the larger extent of the tree canopy cover 
makes a higher amount of interception pos-
sible. Consequently, housing estates located 
in more open areas have a fundamentally 
higher green infrastructural value than 
downtown areas (Figure 11). Evaporation 
shows similar proportions. According to the 
calculation method of the model, captured 
rainwater completely evaporates from the 
surface of the vegetation.

Due to the ratio of short vegetation’s struc-
tural properties (less surface area to retain 
precipitation), less water is absorbed, re-
sulting in milder evaporation. In the case 
of Site2, the interception of short vegetation 
was 2,020 m3 (0.7% of the precipitation of 

Table 1. The runoff-related results by study sites

Processes, m³ Site1 Site2 Site2 original
Total runoff 
Baseflow
Runoff on pervious surfaces
Runoff on impervious surfaces
Infiltration
Precipitation

140,595
1,936

57,304
81,355
78,416

273,268

120,643
2,622

82,435
35,586
94,703

273,268

129,802
2,821

88,693
38,287

101,892
294,013

Fig. 10. Summarised runoff-related processes by 
study sites

Fig. 11. Tree-related processes by study sites
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the total area), while in the case of Site1 it 
was only 1,030 m3 (0.4% of the precipitation 
of the total area). Based on these, it can be 
seen that the interception of the study sites is 
fundamentally influenced by the trees, while 
the short vegetation – due to their smaller 
surface area – has a less important role in the 
process. Due to the difference between the 
study sites, vegetation’s contribution to rain-
water retention is much higher in the hous-
ing estate area than in the denser, downtown 
study site (Figure 12).

The monthly volume of interception is 
primary based on precipitation, the length 
of vegetation period (between 200 and 215 
days – Rötzer, T. and Chmielewski, F.M. 
2001), however, also influences its change. 
Comparing months with high precipitation in 
different seasons (e.g. January, May, August 
and October), clearly visible differences can 
be detected. In January and August, while the 
amount of precipitation was almost the same 
(58–62 mm), interception differed by almost 
twice as much (Figure 13 and 14). In August, 
due to the active vegetation period, the veg-
etation was able to retain precipitation at a 
much higher rate than in January with almost 
the same volume of precipitation. Similar 
trends are observed between October and 
May with the former having higher precipi-
tation associated with a lower interception 
rate compared to the latter.

Interception efficiency (the proportion of 
withheld rainwater relative to the total fallen 
precipitation) is higher the more arid a month 

is (Figure 15). This phenomenon is caused by 
the fact that in the case of lower precipitation 
volume and intensity, the storage capacity of 
the tree canopy does not reach its maximum, 
while in the case of a large volume of precipi-
tation, the canopy becomes saturated. The 
leaf storage maximum values are the highest 
in the vegetation period (Figure 16). When 
the tree canopy reaches the maximum stor-
age capacity, excess precipitation will not be 
stored, thus, worsening the precipitation-
interception ratio (see Figure 15 and 16).

By looking at the interception efficiency, it 
can be seen that these values are mostly high-Fig. 12. Short vegetation-related processes by study sites

Fig. 13. Interception at Site1

Fig. 14. Interception at Site2
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er during the vegetation period (additionally 
in December as well, when the precipitation 
is minimal), resulting in the volume of in-
tercepted water by the vegetation in a larger 
proportion during the vegetation period (see 
Figure 15).

Discussion

Results showed notable differences in the hy-
drological processes between the study sites 
meeting the preliminary expectations of the 
study. Runoff and infiltration are greatly in-
fluenced by the differences in the ratio of the 

various land cover types, as noticed in other 
researches (Shuster, W.D. et al. 2005; Li, C. 
et al. 2018; Zhang, N. et al. 2018).

In the city centre (Site1) – characterised by 
a higher ratio of impervious areas – the sur-
face runoff is higher than in the open, hous-
ing estate part of the city. This is caused by 
the higher proportion of impervious surfac-
es, such as lower infiltration rate and lower 
vegetation cover, similarly to the results of 
Li, C. et al. 2018. The difference is 7 percent, 
which means nearly 20,000 m3 of rainwater 
per year. The infiltration is higher in Site2 
due to the higher ratio of pervious surfaces 
(Brun, S.E. and Band, L.E. 2000; Jacobson, 
C.R. 2011). In Site1 the infiltration is only 29 
percent of the precipitation in contrast with 
Site2 where the infiltration is 35 percent of 
the precipitation. 

In the study site with high vegetation cover-
age (Site2), trees contributed to the lower val-
ue of surface runoff through interception. Tree 
canopy induced total runoff reduction has 
an important role in support of urban water 
management systems by making the surface 
flooding and sewerage network overloading 
events less frequent in this area. Among the 
vegetation elements, trees contribute the most 
to the reduction of runoff. This is caused by 
their size and structural parameters (Berland, 
A. et al. 2017), as well as by their ratio within 
the study site. The interception efficiency of 
vegetation is the highest during the vegetation 
period, but the influence of the time distribu-
tion and amount of precipitation are not neg-
ligible either. In Site2 the interception of short 
vegetation is 2,020 m3 while the interception 
of the trees is 14,759 m3, in opposition to Site1, 
where the interception of short vegetation is 
1,030 m3 while the interception of the trees is 
10,502 m3. Due to the difference between these 
sites, vegetation’s contribution to precipita-
tion retention is higher in the housing estate 
area than in the downtown study site (Li, C. 
et al. 2018).

There are not many available studies with 
i-Tree Hydro in urban areas, furthermore, 
these studies investigated significantly larger 
study areas than ours. A research in Bogotá 

Fig. 16. Tree canopy interception and leaf storage 
maximum at Site2

Fig. 15. Tree canopy interception efficiency at Site2
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(Colombia) investigated a study area of  
33.26 km2, and in another assessment in Luohe 
(China) a 75.2 km2 study area was chosen. In 
contrast with these the study areas in our as-
sessment are 0.65 km2 and 0.6 km2 (Bautista, D. 
and Peña-Guzmán, C. 2019; Song, P. et al. 2020). 
In the assessment of Song, P. et al. (2020), sce-
nario analysis was used. They ascertained the 
increased proportion of green spaces could re-
duce the surface runoff. This is in line with our 
findings that the study site with a larger green 
cover has better water management properties. 
They highlighted that the vegetation, as part of 
the green infrastructure, has positive effects on 
runoff reduction, but on its own, the vegeta-
tion/green spaces do not have enough capacity 
to avoid urban flooding. Based on our assess-
ment, we can also conclude that vegetation 
decreases surface runoff; however, with the 
increase of permeable surfaces, the efficiency 
of runoff mitigation can be further enhanced. 
Song, P. et al. (2020) divided the interception ef-
ficiency investigation of trees into two groups. 
Leaf-on period during the year means the veg-
etation period, while the leaf-off period means 
the phase when the vegetation is in a bare state. 
Song, P. et al. (2020) stated that the interception 
efficiency is higher in the vegetation period, 
which coincides with our results. Bautista, D. 
and Peña-Guzmán, C. (2019) also highlighted 
the necessity for permeable surfaces. In their as-
sessment, the increment of permeable surfaces 
under tree canopies had a significant improve-
ment in surface runoff reduction. This fact is 
of key importance because in the case of the 
study sites of Szeged, the impervious surfaces 
beneath tree canopies have a high proportion, 
which needed further investigation. 

The study sites of Szeged have different 
characteristics, and therefore need different 
management and green infrastructure de-
velopments. The SC1 is characterised by im-
pervious areas and dense building coverage. 
There are many old buildings and a narrow 
road network between them. This structure 
fundamentally determines and limits devel-
opment opportunities. The buildings cannot 
be demolished, nor can geometric structures 
be changed. Therefore, developments are 

limited to a smaller scale. Smaller-scale green 
infrastructure and sustainable water manage-
ment tools have various forms. One of the ob-
vious solutions is the raingardens which can 
be applied in narrow spaces and can reduce 
the local surface runoff. They also have a tem-
porary storage capacity. The other feasible 
improvement is to increase the proportion of 
the permeable / pervious surfaces. With the 
permeable concrete or asphalt, parking ar-
eas can be made more sustainable, especially 
if they are supplemented by underground 
stormwater tanks. In the SC2 the urban plan-
ners have more opportunities due to larger 
open spaces. In this study site, the buildings 
are at a greater distance from each other, 
and the proportion of impervious surfaces is 
lower than in the SC1. Within the study site, 
a storm basin lake already exists. In addition 
to the solutions listed at the SC1 – which can 
also be implemented here – swales and infil-
tration trenches can increase the infiltration 
and reduce the surface runoff within SC2.

The i-Tree Hydro model is an appropriate 
tool to evaluate the role of vegetation in the 
urban water cycle and water management op-
tions. There are only a few tools that build 
on vegetation in such detail. Nevertheless, its 
spread is hampered by a few factors. First of 
all, the model was developed in the US and 
is therefore optimised for US databases, in-
ternational use is relatively complicated (and 
therefore rare). Obtaining and compiling the 
necessary data is encounter difficulties, espe-
cially the meteorological and discharge data 
within cities. The data supply in Hungary 
limits the possibilities of model calibration 
and validation, so we must rely on data from 
any available international literature (e.g. 
Bautista, D. and Peña-Guzmán, C. 2019; 
Song, P. et al. 2020). These problems are not 
completely solved in other researches either, 
where the calibration or validation was pos-
sible, the studies were conducted on a larger 
area, where more data sources were available 
(Bautista, D. and Peña-Guzmán, C. 2019; 
Song, P. et al. 2020). More detailed data about 
the vegetation and its seasonal variability 
(LAI) can could further strengthen our results.
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Conclusions

The i-Tree Hydro model utilised in the 
present research is suitable for modelling 
the role of vegetation in the urban environ-
ment. In this study, two urban districts with 
different vegetation cover and geometric 
structures were compared in order to get a 
comprehensive picture of their differences 
regarding their hydrological processes. The 
district-level data provided by the model can 
be used in urban planning processes. With 
this information, the runoff of the areas, as 
well as the vegetation contribution to its re-
duction were quantified. Studies in this topic 
might contribute to making nature-based so-
lutions more popular among urban planners 
and spreading this concept to reach a wider 
range of professionals and decision-makers.

Data from different districts and their com-
parison with the processes of the whole ur-
ban area can give a comprehensive picture 
of the processes in the city, but it can also be 
extended to cities with similar climate and 
spatial structures. This research may provide 
a good basis for urban planning in Central-
European cities. This assessment has high-
lighted the advantages and disadvantages of 
the model and has emphasised some problem 
that needs to be solved. We have investigated 
different study sites within Szeged, similar of 
which can be most likely found be in other 
Central-European cities. This research has 
also focused on which types of green infra-
structure elements can be feasible in these 
districts. Hopefully, the modelling can pro-
vide a basis for a similar endeavour of urban 
planners in other cities. While the data and 
the results might be different in many cities, 
this method and the main points can never-
theless be used in other cities as well. Future 
studies in this topic should aim to complete a 
runoff analysis based on green infrastructure 
for the entire administrative area of Szeged. 
Further investigation in connection with the 
model is planned. Assessment for the whole 
administrative area of Szeged could give a 
comprehensive picture about the city-scale 
usability of the model on a city level and 

could highlight the differences between the 
different scales. Another possibility is to cre-
ate a scenario analysis between different land 
cover cases. Furthermore, longer time scale 
investigations may provide more accurate re-
sults. Working with hourly resolution output 
data is a way to analyse the effects of rapid 
meteorological events, which makes the as-
sessment more current, based on the future 
climate predictions.
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