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Summary: Urban environments are very different from natural ones in many cases. The geometry of the buildings 

and the various artificial surface elements can significantly influence the microclimatic and hydrological processes. 
In urban areas, the surface is mostly artificial and it is hard to find natural, undisturbed surfaces, in addition, the vast 

majority of soil surfaces are generally under strong anthropogenic influence. Models can provide a comprehensive 

view of the hydrological processes in the city and can help to investigate the different impacts of them. In this study, 
our aim is to introduce the preparation of a widely applicable model (UFORE-Hydro) for Hungarian pilot areas. 

Thus, we intend to introduce the procedure of preparing the weather and evaporation files and their local databases 

which we used for the model. 
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solutions 

1. INTRODUCTION 

Growing urban areas and the increasing number of urban citizens are the results of 

urbanization which is one of the greatest challenges of the 21st century. Nowadays, the 

worldwide proportion of urban population is over 54%, which is gradually increasing and 

could reach 66% by 2050 (UN DESA 2019). The territorial and population growth is 

accompanied by changes in the natural environment and the spread of townscape. The 

problems of urban areas cannot be separated from the future effects of climate change. 

Among the negative effects of climate change, urban water volume and its time distribution 

is a major problem, which is even more relevant in connection with the growing urban 

population. 

Urban environment shows a fundamentally different picture compared to natural 

areas. The geometry of the buildings as well as the various artificial surface cover elements 

can significantly influence the microclimatic and hydrological processes. The most 

significant change in land cover is the increase of built-up areas, including the use of artificial, 

mostly impervious pavements (e.g. concrete, asphalt, bricks, various stone pavers, etc.). 

Furthermore, the major part of soils is usually under strong anthropogenic effects (e.g. soil 

sealing, compacting). These factors can significantly affect the hydrological sub-processes. 

The most important side effect of impervious surfaces is that they significantly increase 

surface drainage ability, thus surface runoff (Department of Water 2007, Gayer and Ligetvári 

2007). 



Csete A K, Gulyás Á 

6 

 
Fig. 1  The route of water in urban and natural areas (based on [2]) 

In urban watersheds, the route of precipitation that actually reaches the surface differs 

significantly from natural areas. The afore-mentioned impervious surfaces do not allow water 

to infiltrate into the deeper layers. The primary reason for this is the presence of impervious 

pavements; the other is the drainage system, of which primary purpose is to drain the excess 

water as quickly as possible. Compared to natural areas, temporary or long-term storage does 

not occur in urban areas. Due to the rapid drain ability of the impervious surfaces, 

watercourses flowing through urban areas are exposed to the significant impact of erosion 

(Fig. 1). Nevertheless, the real problem is the increase in surface runoff volumes. In case 

large amount of precipitation furthermore, if there is an undersized sewer network, there is a 

high chance of an urban flashflood (Fig. 2). In a short-term, heavy rainfall event, surface 

runoff may also reach 80-90% for pervious surfaces, which may be even higher in the case 

of paved surfaces (Buzás 2012). 

 
Fig. 2  Hydrological processes of different built-up areas (based on US EPA 2003) 

In the sustainable urban water management, green infrastructure ‒ as a nature-based 

solutions (NBS) ‒ plays a key role, within which woody vegetation (trees) has a particular 

importance for urban ecology (Romnée at al. 2015, Raymond et al. 2017). Trees, among 

others, participate in the more efficient utilization of precipitation (e.g. runoff reduction, 

increase in infiltration), influence the microclimate of a city in a positive direction, and play 
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a significant role in pollution sequestration (Xiao and McPherson 2002, Berland et al. 2017). 

Due to their size and physiological properties, their importance in water management is 

significant compared to other vegetation types, because they are able to interact with 

precipitation on a larger surface. As a result, they significantly reduce surface runoff, which 

is a key issue for urban areas with predominantly impervious surfaces. The large amount of 

rainwater, which is stored in the trunk, branches, and in the tree canopy, also significantly 

influences the micro-climatic characteristics (e.g. humidity) (Fletcher et al. 2015, Berland et 

al. 2017). 

For these reasons, examining the role of urban vegetation in water management is a 

very actual issue. Considering growing urban population and the increasing frequency of 

intense rainfall events, there is an increasing need to change the traditional urban water 

management approach (which did not focus on vegetation in the past), as global trends are 

increasingly showing the potential how urban vegetation can and should be used in water 

management. It is evidenced by the increasingly widespread use of modern water 

management systems (e.g. WSUD in Australia) and design projects focusing on water 

retention (e.g. the “Sponge City” project in Berlin, China, and Taiwan) (Liu et al. 2015). 

Researches in this scientific area are still relatively rare in Hungary, so we find it particularly 

important to support the claims with more accurate data and model calculations, which are 

valid for Hungarian conditions and can help to consider green infrastructure as an opportunity 

for local decision-making processes (Buzás 2012). Therefore, the central element of our study 

helps the adaptation of a widely applicable model (UFORE-Hydro) to Hungarian study sites. 

The model is available as part of the i-Tree model family developed in the US, and it is 

outstanding in many respects, as it focuses on the impact of vegetation on urban hydrology 

(Kirnbauer et al. 2013, Jayasooriya and Ng 2014, Nowak et al. 2018). 

The purpose of this work is to present the methodological steps that help the 

adaptation of the model to the Hungarian circumstances. Furthermore, we intend to present 

the procedure of the complex input data preparation (weather and evaporation data files) used 

in the model, based on the Hungarian databases. We would also like to draw the attention of 

Hungarian decision-makers to the diverse opportunities in the application of urban green 

infrastructure combined with urban water management. Our data processing steps and results 

can support the work of professional and scientific experts who can contribute to the decision-

making processes. 

2. APPLICATION OF THE UFORE-HYDRO MODEL 

The UFORE-Hydro model accessible as a part of i-Tree model family (the model can 

be run through the computer interface of the i-Tree Hydro program, hence referred to as 

Hydro). The model was developed in the US by various institutes (SUNY College of 

Environmental Science and Forestry, USDA Forest Service, Syracuse University and the 

Davey Institute) (Yang et al. 2011, Kirnbauer et al. 2013, Jayasooriya and Ng 2014, Nowak 

et al. 2018). The Hydro is an ideal tool for analysis different areas and land cover scenarios 

as well as their hydrological impacts. It can be use at various scales, from a part of urban 

watershed to a whole city. The advantage of the UFORE-Hydro model (in comparison with 

other stormwater models), that it can simulate the effect of changes in urban vegetation and 

its impact on the urban hydrological system more detailed. Most of the urban hydrological 
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model cannot handle the different types of vegetation and other features (LAI, leaf-off day, 

etc.). 

Among the outputs of the model, information can be obtained about the total runoff, 

including the base flow, and the two components of the surface runoff: the flow of impervious 

surfaces and the flow of pervious surfaces. The effect of vegetation on the runoff can be 

concluded from the data of interception, evaporation, canopy storage, and infiltration. 

The model consists of two main input data sources: meteorological and spatial data. 

When providing meteorological data, we need to create a weather file and an evaporation 

file, which will be detailed in the next chapter. 

When specifying spatial data, we need a terrain model that allows the model to 

calculate the direction of the surface flow and its accumulation locations. However, the most 

important spatial data relate to the land cover of the sites. The percentage of land cover data 

should include the following: tree canopy cover, herbaceous vegetation cover, shrub 

vegetation cover, open soil surfaces, water surfaces, and impervious surfaces (buildings and 

pavements). Additional data are also required for tree canopy and shrub vegetation, as the 

surface cover beneath their canopy of these types may vary by area. Therefore, it is necessary 

to define the proportion of impervious and pervious surfaces beneath them. Within both 

types, we also need to define the spatial distribution of evergreen species. 

To define the land cover categories, we used eCognition 9.1 Developer (Baatz and 

Schape 2000, Manakos et al. 2000, Hay et al. 2005). For this, we used a leafage orthophoto 

from 2015 and a leafless orthophoto from 2016, in both cases with a geometric resolution of 

0.4 meters. We used a digital surface model and a normalized digital surface model (2015) 

to define the height classes within the vegetation and impervious surfaces. To define these 

categories, eCognition was used, which requires proper consideration of the spectral and 

formal characteristics of the data. With Hydro, in addition to real land cover ratio, we have 

the opportunity to work with alternative land cover ratio, which can be an important tool for 

urban planning. The real land cover data based on the values of the orthophotos, in contrast 

with the alternative land cover, where we can define hypothetical land cover rate. In this case, 

we can run model scenarios and these can be used to estimate the effect of a future square 

renovation or greening. 

For the international use of the Hydro model, in the previous studies it is necessary to 

designate a reference city with similar climatic conditions in the US, where the most 

important temporal and spatial distribution of climatic parameters are similar to Szeged or 

other Hungarian cities ([1]). This step was necessary for the model matching. However, with 

the steps described below, running the model, which is exclusively based on Hungarian 

databases, now is available, and it will significantly reduce the number of errors. In this work, 

our aim is to simplify the international use of the model, especially for Hungarian cities. 

2.1. Selection of the study areas 

Our study sites are in the city of Szeged, which is the center of the southern region of 

the Great Hungarian Plain with its special climatic conditions. The area is characterized by 

low annual precipitation (497 mm), high sunshine duration and consequently frequent 

drought (Balázs et al. 2009). However, while precipitation is relatively low, the intensity of 

rainfalls varies greatly. Besides, in the summer long drought periods there are frequent 

flashfloods, which are a major overload for the outdated sewer network and can cause 

flooding and damage in large areas. Both factors are major challenges for urban water 

management (Unger and Gál 2017). Four different urban districts were selected in Szeged as 
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study sites in order to represent the impact of different land cover characteristics on the 

hydrological character of the areas. When designating the areas, we took into consideration 

the local climate zones (LCZ) system (complex climatological category system based on 

surface structure and geometry moreover the thermal and energy features of the surface) 

applied to Szeged (Unger et al. 2014a, 2014b). In order to achieve better comparability, the 

area of the study sites are nearly the same. 

The description of areas shown below are only needed to present our future 

examination which based on these methodologies. These areas will be used in other studies, 

but it is necessary to show them for better understanding the model. 

Study site I. is located in LCZ 2, which is characterized by a dense mix of midrise 

buildings. This area is the most built-up part of Szeged, which can be described as an absolute 

downtown location.  The study site II. is located directly northeast from study site I. Compact 

installation is also typical in this area, but with low-rise buildings, so this site can be classified 

as LCZ 3. As a housing estate district, study site III. shows a fundamentally different picture 

compared to the previous areas. It is located in LCZ 5, which is characterized by open spaces 

and midrise buildings. Study site IV. is in the southwestern residential part of Szeged. The 

characteristics of LCZ 6 can be observed here, such as open spaces and low-rise buildings. 

As it is a relatively newly built part of the city, the arrangement of the buildings follows a 

very regular, square layout (Fig. 3) (Mucsi et al. 2007, Unger et al. 2014b). 

 

Fig. 3  Study sites within Szeged 

2.2. Preparation of the input data 

The accurate production of the data in the files is essential to run the model correctly 

(Wang et al. 2008, [1]). The two files have been produced in the United States so far, which 

raises accuracy issues (such as the availability of certain national data), on the other hand, it 

also requires a long waiting time. In order to overcome these problems, we needed to produce 

the necessary data by ourselves. We used several national databases for the process: the 
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databases of the Department of Climatology and Landscape Ecology (Szeged) (Unger et al. 

2017), the Synoptic Station’s database of Hungarian Meteorology Service (HMS Szeged), 

the SYNOP (Surface Synoptic Observations) database, the i-Tree Eco LAI (Leaf area index) 

database (run in Szeged) (Kiss et al. 2015), and the ECMWF ERA Interim database 

(Berrisford et al. 2011). 

2.3. Weather file 

The weather file forms the basis for the evaporation file, so its accurate production is 

a top priority (Wang et al. 2008, Hirabayashi and Endreny 2016, [1]). Hydro works with 1-

hour resolution data, so the diverse measurement intervals within different databases (10 

minutes, 15 minutes) need to be aggregated uniformly. This file contains basic 

meteorological data that characterize the weather in a given area and time. 

The file requires two types of temperature data: air temperature TairF and dew point 

TdewF  in °F. These two types of temperature data needed to the weather file base data, but for 

the equations temperature data are needed in other units. These data, as well as wind speed 

were obtained from the HMS synoptic station (Szeged) data. 

Wsadj is the windspeed data adjusted by the measurement height and the surface 

roughness (if the wind gauge is at 2 meters, this step is not necessary). The wind gauge of 

Szeged synoptic station is positioned at a height of 10 meters, but the model calculates with 

wind speed at 2 meters during the run. To solve this problem, we used a formula in Eq. 1: 

 Wsadj[m s−1] = wsm ⋅ (hr ⋅ hm
−1)α (1) 

α = 0.12 ⋅ z0 + 0.18 

where wsm is the measured wind speed, hm is the height of wind measurement, hr is the desired 

wind speed measurement height, α is an empirical exponent in which z0 is the roughness 

height in meter (Davenport et al. 2000). 

The liquid precipitation (Precip) and the snow quantity (Snow) are need to be given 

in m h-1. The model handles separately the two type of precipitation, which gives more 

accurate results (Yang et al. 2011). 

The most complex task within generating the weather file is the calculation of net 

radiation (Eq. 2): 

 Rn[W m−2] = Sn + Ln (2) 

where Rn is the net radiation, Sn is the net shortwave, and Ln is the net longwave radiation. 

For net shortwave radiation (Eq. 3) the surface albedo is required, which obtained is from the 

ECMWF ERA Interim database (Berrisford et al. 2011). After the conversion of the available 

NetCDF files, we made its export in ArcGIS software for 12 and 18 hours within 8-9 days in 

a month for the area of Szeged. The resulting averages reflect the monthly albedo of the area, 

which was used to help filter out the outliers. 

 Sn[W m−2] = (1 − ALB) ⋅ Rg (3) 

In Eq. 3, the ALB is the average monthly albedo in decimal format, and Rg is the 

global radiation measured at the given time. The net longwave radiation equation contains 

the following elements: 

 Ln[W m−2] = ES ⋅ (Lsky + Lcld − Lsfc) (4) 
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where ES is the surface emissivity for longwave radiation (constant: 0.97), Lsky is the 

downwelling longwave radiation from the sky, Lcld is the downwelling longwave radiation 

from clouds, and Lsfc is the upwelling longwave radiation from the surface (Eq. 4). 

 Lsfc[W m−2] = σTairK
4  (5) 

In the Lsfc σ is the Stefan-Bolzmann constant (5.67⋅10-8 W m-2 K-4), TairK is the air 

temperature in K (Eq. 5). The Lsky and the Lcld consist of the following elements (Eq. 6 and 

7): 

 Lsky[W m−2] = E ⋅ (1 −
TOTAL

10
) ⋅ σTairK

4 (6) 

  Lcld[W m−2] =
TOTAL

10
⋅ σTairK

4 (7) 

where E is the emissivity of the clear sky, TOTAL is the total current cloud cover in decimal 

format. In the above equation, the emissivity of the clear sky is an important parameter, if 

there is no or minimal cloud coverage. 

 E = 0.741 + 0.0062 ⋅ TdewC   (8) 

In Eq. 8 TdewC is the dew point in °C (Eq. 8). It can be seen that the temperature data 

used in the weather file are in English units, while in the equations they are given in SI units, 

which must be taken into account during processing. However, the key element of the file is 

the net radiation, which is one of the basic data of the evaporation file. 

2.4. Evaporation file 

The evaporation file in the model could actually be called potential evaporation and 

evapotranspiration file. The file is designed to allow Hydro to calculate the actual evaporation 

rate from actual rate of land cover, depending on potential evaporation data (Wang et al. 

2008, Hirabayashi and Endreny 2016, [1]). For this, five different data types need to be 

created:  (potential evapotranspiration from trees), PE (potential evaporation from the 

ground), PETree (potential evaporation from trees), PESnow (potential evaporation from 

snow on the ground), and PETreesnow (potential evaporation from snow on tree canopy). It 

can be clearly seen that, in addition to the evaporation from the liquid precipitate, the model 

can also take into account the evaporation from the solid precipitate, depending on whether 

it originates from the canopy or from the surface. As an additional data, the 

evapotranspiration of the trees is also needed. For calculating the potential evaporation 

values, a modified Penman-Monteith equation is used (Shuttleworth 1992). The basic data 

needed for the processing were obtained from the department database (Unger et al. 2017) 

and from the data of the HMS Synoptic Station. 

Basic relations 

In order to fill the potential evaporation equations with data, it is necessary to define 

a few basic relationships and constants. To produce the data of latent heat caused by 

vaporization (λ) the air temperature (TairC) is required in °C (Eq. 9). 

 λ[MJ kg−1] = 2.501 − 0.002361 ⋅ TairC (9) 

The density of water in the air (ρw) is necessary to calculate the available water 

quantity (Eq. 10). 
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 ρw[kg m−3 ] = −0.0051 ⋅ TairC
2 + 0.018 ⋅ TairC + 999.88  (10) 

∆ is the slope of the vapor pressure temperature curve (Eq. 11): 

 ∆[kPa °C−1] =
4398es

(237.3+TairC)2 (11) 

where es is the saturated vapor pressure. The es can be calculated from Eq. 12. In addition to 

the saturated vapor pressure, the vapor pressure is also calculated (e) (Eq. 13). 

 es[kPa] = 0.6108 exp (
17.27⋅TairC

237.3+TairC
) (12) 

 e[kPa] = 0.6108 exp (
17.27⋅TdewC 

237.3+TdewC 
)  (13) 

The vapor pressure and the saturated vapor pressure can also be used to calculate the 

vapor pressure deficit (D) (Eq. 14). 

 D[kPa] = es − e (14) 

We also need the psychometric constant (γ) (Eq. 15): 

 γ[kPa °C−1] =
Cp⋅P

λ
  (15) 

where Cp (=1013 J kg-1 °C-1) is the specific heat of moist air, P (in kPa) is the measured 

surface pressure. 

Wind equations 

The potential evaporation and evapotranspiration also strongly depend on the wind 

conditions, therefore wind speed values, which are projected on the average height of 

different vegetation types represent a significant factor in the equations. There are several 

constants in the equations, out of which roughness factors are important. Wind speed varies 

on the different roughness of the different surfaces, so it is important to define a separate 

roughness height for each vegetation type: 

 The roughness height for water rdw [m]=0.00137 

 The roughness height for trees rdt [m]=0.95 

 The mass transfer coefficient Zov [m]=0.0123 

Since wind measurement at measurement stations is at a given altitude, therefore it is 

important to assign a height to the different vegetation types, which represents a hypothetical 

measurement at the height of the vegetation: 

 The wind measurement height constant Zu [m]=2 

 The estimated wind measurement height constant for trees Zut [m]=7 

 The estimated wind measurement height constant for the ground Zug [m]=0.1+rdw 

After generating the different heights and roughness, the wind speed values for the 

canopy and the ground can be set. The Ut is the wind speed projected for the tree canopy (Eq. 

16), and Ug is the wind speed projected for the ground (Eq. 17): 

 Ut[m s−1] = U ⋅
ln(

Zut
rdw

)

ln(
Zu

rdw
)
 (16) 
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 Ug[m s−1] = U ⋅
ln(

Zug

rdw
)

ln(
Zu

rdw
)
 (17) 

where U is the adjusted wind speed for evaporation, which is calculated in the precipitation 

file (Wsadj). (In equation (1) and (16,17) we used different notation for the wind speed 

(Wsadj/U according to the corresponding references because of the easier traceability). 

Evaporation equations 

The model calculates the potential evapotranspiration of trees (Eq. 18): 

 PET [m h−1] =
1

λ⋅ρw
[

(∆⋅Rn)+
ρa⋅Cp⋅D

ra1

∆+γ⋅(1+
rs

ra1
)

] ⋅ 10−3  (18) 

where ra1 is the aerodynamic resistance as described above (Eq. 19), and since transpiration 

is also investigated, rs is the stomal resistance (Eq. 20). 

 ra1[s m−1] =
208

Ut
 (19) 

 rs[s m−1] =
200

L
  (20) 

For ra this simplified formula refers to general vegetation surfaces (such as urban 

areas), where we do not know the exact composition of vegetation. There is also a plant-

specific formula, but for this, it is necessary to have sufficient data on the vegetation of the 

area. For rs L denotes the leaf area index (LAI). 

It is also necessary to make two aerodynamic resistance values for the calculation of 

PETree and PE, which are different from those used in the previous equation, as in this case 

there is no transpiration through the vegetation. The aerodynamic resistance for trees rat (Eq. 

21) and the aerodynamic resistance for ground rag (Eq. 22) are the following: 

 rat[s m−1] =
4.72⋅(ln

Zut
Zov⋅rdt

)
2

1+0.536⋅Ut
 (21) 

 rag[s m−1] =
4.72⋅(ln

Zug

Zov⋅rdw
)

2

1+0.536⋅Ug
  (22) 

The PETree is used to calculate evaporation from the surface of the trees (leaf, bark). 

Thus, this equation does not include the amount of transpiration processes of trees (Eq. 23). 

 PETree [m h−1] =
1

λ⋅ρw
[

(∆⋅Rn)+
ρa⋅Cp⋅D

rat

∆+γ
] ⋅ 10−3  (23) 

The equation of PE is needed to calculate the amount of water evaporated from the 

ground of the study site (pervious and impervious surfaces) (Eq. 24). 

 PE [m h−1] =
1

λ⋅ρw
[

(∆⋅Rn)+
ρa⋅Cp⋅D

rag

∆+γ
] ⋅ 10−3 (24) 
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Since Hydro also handles snow precipitation (Yang et al. 2011), the calculation of 

evaporation from snow surfaces is also solved. It also consists of two components of the 

evaporation: evaporation from the canopy and from the ground. In the case of PETreesnow 

we can calculate the evaporation of snow falling on the canopy (Eq. 25). 

 PETreesnow [m h−1] =
0.1

P
⋅ {

Ut

[ln(
Zut
rdw

)]
2 ⋅ (611.2 − e)} ⋅ 10−3 (25) 

For PESnow the potential evaporation of the snow falling on the ground is calculated 

(Eq. 26). 

 PESnow [m h−1] =
0.1

P
⋅ {

Ug

[ln(
Zu

rdw
)]

2 ⋅ (611.2 − e)} ⋅ 10−3 (26) 

After the exact substitution of the equations, we obtain the desired data that Hydro 

can handle properly. The model works with a comma-delimited file format, so preformatting 

is necessary. 

3. FEASIBLE RESULTS 

The Hydro model gives many results, which can help the planners to evaluate the 

hydrological potential of the vegetation and can be used to draw the attention of decision-

makers to the importance of vegetation in urban water management. The model output 

contains the results in hourly resolution with the help of which, can be analyzed the process 

and quantity on a given time. The results can be summarized, and these data can show 

monthly and yearly quantity of processes. The summarized result can be shown the study 

area hydrological state, and with the help of which can be used to draw the attention of 

decision-makers the potential water management problem of the study area. If we use the 

opportunity of modeling different hydrology scenarios, they can be show the consequence of 

planned greening or square renovation. 

The model result can be arrange two main groups. The first main group is the flow 

results, which can show the quantity of the different flow type. The other main group contains 

the vegetation processes, and within this, can be distinguish the short vegetation and the tree 

vegetation type (Table 1). 

Table 1  The main result types of the model 

Main results Unit Main results Unit 

Rainfall [mm] Tree canopy evaporation [m3 h-1] [m] 

Total runoff [m3 h-1] Tree canopy throughfall [m3 h-1] [m] 

Baseflow [m3 h-1] Tree canopy storage [m3 h-1] [m] 
Flow on pervious surface [m3 h-1] Precipitation on short vegetation [m3 h-1] [m] 

Flow on impervious surface [m3 h-1] Short vegetation interception [m3 h-1] [m] 

Infiltration [m3 h-1] [m] Short vegetation evaporation [m3 h-1] [m] 
Precipitation on tree canopy [m3 h-1] [m] Short vegetation throughfall [m3 h-1] [m] 

Tree canopy interception [m3 h-1] [m] Short vegetation storage [m3 h-1] [m] 

 

As the Fig. 4 shows, the model gives comprehensive picture about the flow and the 

processes of the vegetation on the study site. Based on these results, we can provide 
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information about a whole year hydrological state and the vegetation contribution to the 

runoff reduction. The quantitative data can provide a good basis for the urban planning 

documents. 

 
Fig. 4  Sample flow and interception results of Hydro 

4. CONCLUSION 

The advantage of the UFORE-Hydro model compared to other available hydrology 

and stormwater management models is the high consideration of vegetation surfaces 

(Kirnbauer et al. 2013, Jayasooriya and Ng 2014, Nowak et al. 2018). However, in the study 

of meteorological and hydrological processes, due to their complexity, there is a great chance 

for error. Complexity is further enhanced by the consideration of different vegetation 

surfaces, thereby the chance of error also increases. Therefore, it is important that the input 

files of the model are based on accurate databases. The required files have been created in 

the US so far (with some basic data), but the additional data came from databases with low 

geometric resolution. For the regular and high-precision use of the model in Hungary, it is 

necessary that the files are based on entirely Hungarian databases and files built by individual 

users. In this paper, we made a step-by-step introduction guide of the structure of the input 

files from the basics and the available databases for their production. We listed the databases 

that can be used to generate the files. At national level, few cities have a measuring network 

density such as Szeged (Unger et al. 2017); in their case, the HMS and SYNOP databases 

can serve as appropriate bases. For the albedo we used the free database of ECMWF ERA 

Interim (Berrisford et al. 2011), which available for everyone. The leaf surface index can be 

obtained either by field measurements or from literature and modeled data. After obtaining 

the data, it is important to load the equations accurately, as several other equations (e.g. Rn) 

are based on each basic equation. 

With these steps, the UFORE-Hydro's adaptation in Hungary is feasible from the point 

of view of meteorological data. The refinement of the databases is naturally desirable, but 

the requirements of the model input parameter can be done with these solutions. By using 

Hydro, we can obtain a picture of the current hydrology processes in the study sites, but as 

we have the ability to run scenarios, it can also be used in urban planning. Research on a 

small study site can contribute to a whole city level research. As a result of our adaptation, 
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the input data comes from a reliable, accurate source, and can be extended to a significant 

part of Hungarian cities. 
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