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Abstract: Land use – land cover change of Słu-
żewiecki Stream basin and theirs hydrological 
consequences. The basin of the Służewiecki Stream, 
hydrologically uncontrolled, is urbanised, but it 
has a mosaic-like character, consisting of urban 
and agricultural land use. This is shown by the 
graph of the basin and its subcatchments that takes 
into account the changes of the runoff coeffi cient 
in its subcatchments. The land cover changes in 
1993–2002 and the forecast for the years until 2012, 
together with the calculated rainfall hyetograph 
are input elements to the rainfall-runoff model. 
The isochrone method with the Kirpich equation 
constitute the transforming function, and the 
runoff hyetographs are the output elements from 
the system. The paper presents also practical 
problems occurring in the implementation of the 
recommendations of the local spatial plan as well 
as consequences resulting from disregarding the 
recommendations.

Key words: urban impact, design storm hyetograph, 
hydrograph, runoff coeffi cient.

INTRODUCTION

Changes of the hydrological system, 
especially those occurring under the 
infl uence of urbanization, have scientifi c 
and practical aspects related to forecas-
ting, prevention, and minimization of their 
consequences. High-intensity rain occurs 
more and more often in the Warsaw 
metropolitan area; an example of this is 

the Służewiecki Stream. After intensive 
rains, water overfl ows the riverbed, 
inundates or fl oods the nearby housing 
estates in the Arbuzowa Street, localized 
in the lower part of the basin. Another 
often-fl ooded part of the basin is located 
below the Arbuzowa Street estate, in 
Wilanów. For many decades, the area had 
been formed as ecologically valuable 
and extensively utilized meadows, which 
were well suited to be polders. Nowadays, 
however, a large complex of housing 
estates is being built there: the Wilanów 
Village.

In the basin of the Służewiecki Stream, 
the degree of urbanization is increasing. 
By the degree of urbanization the authors 
mean the share of the intensely develo-
ped impermeable surfaces. The intense 
development had begun in the years 
1918–1939, when the Okęcie Airport 
was built. Reconstruction of the districts 
of Rakowiec and Upper Mokotów after 
the II World War changed the upper 
part of the basin. The development con-
tinued: many industrial plants (Industrial 
Służewiec), as well as the housing estate 
Służewiec for 26 thousand of people had 
been built. The most intensive period 
of urbanization of this area took place, 
however, in the 1970s and 1980s; it was 



140    M. Oksiuta, M. Gutry-Korycka

related to the construction of the housing 
estate Ursynów-Natolin for 150 thousand 
of people (Łyszka 2000). The beginning 
of the 21st century is characterized by 
an even greater density of the high-rise 
buildings of Ursynów and Wilanów; the 
fi rst stage of their construction was 
completed in 2007.

Anthropogenic changes of area are 
decrease of the basin. The course of the 
Służewiecki Stream was also changed, 
and stormwater drainage was included 
in its river system. Contemporary trends 
consist in the further change of the land 
use character and in the expansion of 
the underground drainage system which 
channels rain and melt water.

LOCALIZATION OF THE BASIN 
AND AIMS OF THE STUDY

The Służewiecki Stream is a third-degree 
watercourse, which fl ows into the 
Wilanówka river, a left-side tributary 
of the Vistula river. The stream drains 
the southwestern districts of Warsaw. 
Its length is ca. 15 km and the surface 
area of its topographic basin is 55 km2 
(Banasik 2002) or according to earlier 
data, it was changing between 53 and 
58 km2 (Nowicka 2002). This was a result 
of the unclear course of the watershed in 
its southern part. Distinct borders of the 
topographic basin are delimited by the 
range of the stormwater drainage (Fig. 1).

FIGURE 1. Watersheds of urban Służewiecki Stream basin
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The paper aims at the estimation of 
the changes of the high-water runoff of 
the Służewiecki Stream in 1993–2012. 
The estimation is based on the differen-
ces in the management state of the basin 
in the decade 1993–2002 and a forecast 
for 2012, because they are the “variable” 
operator of the urbanized system in the 
simplest rainfall-runoff model. It is also 
important to verify the usability of the 
classic method of isochrone in deter-
mining of the hydrograph of the runoff 
caused by a given rainfall in urban basins. 
Additionally, a study of the spatial struc-
ture of the runoff and the role of the 
hydrographical nodes in the storm-water 
drainage system has been made. For this 
purpose, a modifi ed graph, called the 
basin expansion, was used. Measure-
ments were also conducted whose aim 
was to estimate the runoff of the basin 
under various hydrometeorological con-
ditions, by means of the longitudinal 
profi le of the simultaneous runoff from 
the basin (Oksiuta 2007a).

LAND USE – LAND COVER 
CHANGE (1993–2002)

Changes during utilization makes possible 
the detection of a specifi c reaction of the 
basin to the supply. Due to the lack of 
detailed maps of the basin in the scale 
1:10 000 from before 1993 as well as 
to the heterogeneity of their reference 
systems, the analysis of land use maps is 
imprecise and nonuniform. For that reason, 
it was decided to apply a comparative 
analysis of the management changes 
of the Służewiecki Stream basin to the 
period as late as 1993–2002.

For the purpose of identifi cation of 
the management state of the Służewiecki 

Stream basin, the Land Use Map... (2002) 
in the scale 1:10 000 was used; it was 
made in the cartographic system 1992, 
and used for planning. 140 forms of land 
use and their scope were distinguished 
on the map. By aggregation according to 
the criterion of morphological similarity 
and that of the similar share of imper-
meable and weakly permeable surfaces, 
the number of forms was reduced to 
17 (Fig. 2). Runoff coeffi cients were 
assigned to the forms (Bedient and Huber 
1989; Radwan-Dębski 1995), as shown 
in Figure 3. As mentioned before, the 
management state in 1993 was identifi ed 
from the topographic maps in the scale 
1:10 000 made in the 1992 system, and 
therefore their geodetic conversion with 
respect to the state of 2002 was not nec-
essary. It was assumed that the kind and 
range of the development in 1993 did not 
change with respect to 2002. Therefore, 
it was suffi cient to reconstruct the land 
use type existing before the development 
of the decade 1993–2002 from topographic 
maps. This was mostly agricultural lands, 
allotment gardens, parks, and wasteland 
(Oksiuta 2006).

In 1993–2002 changes of the agri-
cultural land use occurred in eight sub-
catchments, of which four were of small 
surface (< 5 ha). In the remaining catch-
ment areas the changes of land use did 
not exceed 1 km2; the largest changes 
occurred in the basin of the Wolicki canal 
(14). The surface area of agricultural land 
and of allotment gardens decreased by 
100 ha (13%), while the area of housing 
development > 12 m above ground level 
increased, as did the area of service 
facilities and of detached housing. The 
wasteland area remained the same, but 
the former farmland had been used for 
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housing development. The signifi cant 
changes (75 ha) which occurred in the 
Okęcie catchment (1)1 were related to 
the use of wasteland and green areas for 
facilities and for the paved surface of 
the airport. The largest changes of the 
Grabowski Ditch basin (3) (65 ha) were 
caused by the construction of service 
facilities – the hypermarket West Ursy-
nów. Moreover, the areas of fi ve types 
of housing development were increased, 
in particular those of detached housing 
with backyards and gardens. In the 
Ursynowski canal basin (10), the density 
1 The numbers of the subcatchments are marked 
in Figure 1.

of the development was also gradually 
increasing, in particular that of housing 
development.

In the period 1993–2002, the greatest 
changes of land use occurred in the upper 
and middle parts of the Służewiecki 
Stream basin. The changes in the lower, 
high-plain part of the Wolicki canal basin 
(14) were not signifi cant, but the largest 
changes occurred in Ursynów, due to the 
construction of the underground railway 
and its base.

Land use character is still mosaic-like, 
and land fragmentation results in hetero-
geneity of the runoff from subcatchments 
(Figs 2, 3). The basin expansion shows an 

FIGURE 2. Change of land use in Służewiecki Stream basin in 1993, 2002, 2012 year
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FIGURE 3. Growth of area basin and length of streams in Służewiecki Stream (1993, 2002, 2012)
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asymmetry of the drainage fi eld, despite 
of the same number of right-side and left-
-side tributaries. The right part of the 
basin (39 km2) is over twice as large as the 
left part (16 km2), but the left one is more 
intensely developed, which is conducive 
to the increase of rain runoff coeffi cient 
(> 60%). The right part of the basin is, on 
the other hand, more varied, and consists 
of strongly and weakly developed sub-
catchments (Oksiuta 2007b).

The most important hydrographical 
node is the confl uence of the Ursynowski 
canal (10) (a right tributary) and the 
Bach Street collector (9) (a left tributary) 
in the Służewiecka Little Valley (Fig. 3), 
which drains intensely the housing 
districts of Ursynów and Służewiec. 
Another important drainage node is the 
confl uence of the Wolicki canal (14), 
which collects water from the strongly 
developed catchment area (ca 8 km2). All 
the signifi cant changes in management 
in the period 1993–2002 affected sub-
catchments on the right-hand side of the 
stream.

PROGNOSIS OF LAND COVER 
CHANGE (2012)

The map of the future (2012) state of the 
management of the Służewiecki Stream 
basin (Fig. 2) was made on the basis of 
the Land Use Map... (2002), updated 
with help of the local plans of spatial 
management of the Wilanów district 
(Dz. Urz. Woj. Maz. nr 47, 2001; Dz. 
Urz. Woj. Maz. nr 52, 2001). Areas not 
taken into account by the local plans 
were completed by fi eld charting of land 
use, marking those developments where 
construction has already started (Oksiuta 
2006).

In the 2002–2012 decade, the direction of 
the planned changes in use is moving from 
the upper basin towards the lower basin. 
The changes will encompass fi ve sub-
catchments, including the smallest ones: 
Okęcie (1) (30 ha) and the Grabowski 
Ditch (3) (60 ha). The largest transfor-
mations are planned in the basin of the 
Wolicki Ditch (17), and affect both the 
surface area (180 ha) and the share of the 
changed utilization (88%). The agricul-
tural lands will be used for service areas 
and housing estates > 12 m above ground 
level. Detached housing development 
and service facilities for public transport 
will take only insignifi cant fragments. In 
the Wolicki canal basin (14) as much as 
140 ha of agricultural land and waste-
land will be used for housing develop-
ment, especially for detached housing. 
In the catchment of the segment of the 
Służewiecki Stream near the Arbuzowa 
and Przyczółkowa streets (15) over 70 ha 
of agricultural lands will be used by 
apartment houses of 12 m height, as well 
as by detached housing with backyards 
and gardens.

In the decade 2002–2012 the changes 
in utilization of the entire basin will con-
tinue. They consist in further transforma-
tion of wasteland into an area with high 
investment. Apart from the constantly 
increasing density of housing development, 
both multi-family and single-family, a 
large complex of housing estates is being 
created: the Wilanów Village. This will 
cause the closing of the open terrains in 
the lower part of the basins as a result 
of the development, which will move the 
bulk of land use changes from Ursynów 
to Wilanów. This will be the last change 
in use of such large spatial scope.
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Analysis of the transformations in the 
period 1993–2012 shows a clear and 
intense rate of urbanization. In the period 
1993–2012 the changes in use will 
encompass over 10% of the area of the 
entire basin. If the rate of development 
remains the same, in 2050 the basin will 
become entirely urbanized.

HYDROLOGICAL CONSEQUENCES 
OF LAND USE
The sum and the intensity of precipitation 
as inputs into the runoff system of an 
urban catchment area form the basis for 
the estimation of hydrological reaction. 
The amount of the maximum rainfall 
measured at the Okęcie station and 
studied by Bogdanowicz and Stachy 
(1998), as the function of intensity and of 
the probability of surface runoff became 
the basis for the design hyetograph2, 
characterized by a constant time step 
and a symmetric shape with the maxi-
mum intensity in the middle time step 
(Bognanowicz 1998). In the case of the 
Służewiecki Stream basin, the one-hour 
time step was used for the calculation 
of rainfall. Intense rains of convective 
(3 hours) and expansive (8 hours) types 
were analysed.

An estimation of the high-water runoff 
from the analysed uncontrolled catch-
ment undergoing urbanization depends 
on the degree of development in the basin. 
The identifi cation of the rain runoff 
coeffi cient (α) can be used as a basis for 
the estimation of the runoff by means of 
the hyetograph of the effective rainfall. 
Such rainfall is quickly conducted to the 
2 A design hyetograph is a theoretical rainfall 
hyetograph with the most disadvantageous (high) 
runoff. It is used to calculate capacity of storm 
drainage (Bogdanowicz 1998).

main watercourse and causes a sudden 
increase in the fl ow rate (Banasik, Ignar 
1986). The volume of the effective 
rainfall is not suffi cient to calculate the 
high-water fl ow and the maximum fl ow. 
To determine the reaction of the basin to 
a given rainfall, the isochrone method 
with the Kirpich equation was used (after 
Chow, Maidment, Mays 1988), which 
allows to calculate the time needed to 
reach the closing profi le from the water-
shed, according to the function:

Tc = (0.868 ⋅ L3/ΔH)0.385

where:
L – actual length from the node to the 

closing profi le [km],
ΔH – denivelation of the basin [m].

Hyetographs of the total ordinary3 
rainfall of three and eight hours duration, 
after the method of Bogdanowicz (1998), 
are shown in Figure 4. A characteristic 
feature of the method is the assumption 
that the constant rainfall time step, inde-
pendently of the number of the steps and 
of the duration of the rainfall. The almost 
symmetrical shape of the design hyeto-
graph differs from the majority of hyeto-
graphs of actual rainfalls, in which the 
maximum occurs in the beginning phase 
of rainfall duration. This shape was, howe-
ver, regarded as the least advantageous, 
and that’s why it is applied to calculate 
the outfl ow from the storm drainage and 
of other drainage installations. 

The hydrograph of the high-water 
runoff in the profi le closing the basin of 
the Służewiecki Stream above the Palace 
Park in Wilanów is located near the 
Przyczółkowa Street, where the hydro-
3 Ordinary rainfall is characterised by a 99% proba-
bility of occurrence, that is, it occurs statistically 
99 times in 100 years.
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metric profi le of the SGGW is also locat-
ed. Since there are no tributaries between 
the two profi les, it is possible to compare 
the results obtained. Simplifi ed calcula-
tions do not take into account the trans-
formation of the high-water fl ow in the 
riverbed. Because of that, the shape of 
the analysed runoff hydrographs is simi-
lar (Fig. 5). The maximal fl ow, caused by 
a three-hour rainfall, is ca 14–18 m3/sec. 
During 20 years urbanization will cause 
an increase of the maximal fl ow by ca 

4 m3/sec, that is by 26%. A similar reaction 
of the basin to the high-intensity rainfall 
lasting eight hours shapes the high-water 
wave with the maximal fl ow of ca 16–20 
m3/sec, depending on the state of basin 
urbanization. In the second variant of 
the calculations the increase of the maxi-
mal fl ow rate is also ca 4 m3/sec (25%), 
which shows that the difference of fl ow 
effected by rainfall of various durations 
is small. The shape of the hydrograph of 
fl ow caused by the three-hour rainfall 

FIGURE 4. Design storm hyetogram in Służewiecki Stream basin, 1 year exceeding frequency, 3 and 8 
hour duration calculated according to Bogdanowicz method (1998). Maksimum total rainfall calculated 
according to Bogdanowicz and Stachy method (1998)
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FIGURE 5. Służewiecki Stream runoff hydrographs in response to rainfall of 1 year exceedings 
frequency, 3 (P1) and 8 (P2) hours duration for different land-use in the basin
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is fl atter and lower than that of the fl ow 
caused by the eight-hour rainfall. This 
follows from the specifi c feature of the 
isochrone method: a characteristic feature 
of the method is that the largest fl ow is 
reached at the moment when water from 
the entire area of the basin’s surface fl ows 
into the closing profi le. Such situation 
occurs precisely during a longer rainfall. 
During a three-hour rainfall, when water 
from a part of the basin fl ows into the 
closing profi le, the hydrograph of the 
runoff is fl atter. In the case of an eight-
-hour rainfall, the maximum fl ow in all 
three management states occurs at the 
same time (ca 7 hours 45 min.) and is 
equal to the time that it takes for water to 
fl ow in from the farthest end of the basin. 
When the rainfall lasts three hours, the 
time of the occurrence of the maximum 
fl ow changes and depends on the degree 
of basin management. In the case under 
investigation, the maximal fl ow is 
delayed.

The calculated maximum fl ow is very 
high, and that is why the results obtained 
have been compared with the calculations 
of Banasik (2002) and Banasik et al. 
(2007). In the case of runoff with the 
1% probability of occurrence, the calcu-
lated rate of fl ow is almost three times 
as large as the one obtained by Banasik 
(2002), who used the SCS method to 
calculate the effective rainfall and the 
Nash model to transform the effective 
rainfall into the high-water runoff. The 
most recent results of the runoff from 
the Służewiecki Stream basin indicate 
smaller differences between the results. 
The authors again used the SCS method 
to estimate the effective rainfall and the 
Nash model as the operator of the transfor-
ming function system. As the rainfall input, 
both the SGGW team and the authors 

of this paper, used the Bogdanowicz 
and Stachy method (1998). Comparison 
of the results is, however, not possible, 
because the SGGW team analysed two 
subcatchments: the upper one (Okęcie) 
and the middle one (Ursynów) with the 
total surface area of ca 39 km2, while in 
this study the entire basin (ca 55 km2) 
has been analysed. Moreover, in each 
study a different probability of the maxi-
mal rainfall excess was assumed: once in 
10 years (10%) in the study by Banasik 
et al. (2007) and once a year (99%) in the 
authors’ own study. The different results 
are caused by a different assumed rain-
fall duration and by taking into account 
one meteorological station (Warszawa–
–Okęcie in the authors’ study) or two sta-
tions (Warszawa–Okęcie and Warszawa–
–SGGW Campus) when calculating its 
synthetic amounts. The runoff calculated 
by the SGGW team depending on the 
management state of the basin is lower 
(past state), similar (current state) and 
higher (future state), respectively, than 
the obtained by the authors. Moreover, 
the differences are caused also by the 
imperfection of the isochrone method 
(delineated manually) which assumes 
the rainfall in the entire basin as uniform. 
Although the urbanized basin under 
investigation is not large, the storm 
rainfall and the expansive rainfall with 
such spatial range do not occur often, 
and therefore the runoff should be lower 
than it had been calculated.

LOCAL SPATIAL PLANNING 
– THEORY AND PRACTICE

One of the tasks of spatial planning is 
to maintain order and harmony in the 
management of infrastructure space. An 
important element of this is the Study 
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of Conditions and Directions of Spatial 
Management of the City of Warsaw 
(2006). The Study determines the plan-
ning policy of the capital city districts and 
coordinates the comprehensive planning 
of the city development. The Study is 
important in the creation of long-term 
investment plans, but it has no legal 
power; it performs an advisory function 
to the administrative decision-making 
regarding building permits. This is 
a very disadvantageous legal situation, 
because it allows to disregard the recom-
mendations and guidelines contained in 
it (Study of Conditions..., 2006). 

In the Study, terrains of great and 
medium importance for the creation of the 
City Natural System were distinguished. 
The System has a very strong impact on 
the level of comfort or nuisance of life 
in a great city. A considerable part of the 
Wilanów meadows should, according to 
the Study, form the core of the System; 
the core should be surrounded by some-
what less valuable areas. At the same 
time, a forecast of the transformations of 
natural conditions unambiguously shows 
that the housing estate Wilanów Village 
planned on the Wilanów meadows is 
particularly disadvantageous (Study of 
Conditions..., 2006). Unfortunately, the 
fi rst part of this investment has already 
been completed, and its negative con-
sequences, which are anyway hard to to 
be foreseen, will continue to effect their 
impact.

CONCLUSIONS
An approximate estimate of the rainfall 
– surface runoff from the ungauged 
urbanized basin and of its changes can 
be performed on the basis of a land use 
structure map. The identifi cation of the 

amount of impermeability of an urbani-
zed basin is not, however, suffi cient to 
quantitatively estimate the runoff even 
at the planning stage. Only one category 
of land use (roads) can be uniquely 
classifi ed as impermeable surfaces. In 
1993–2012 their surface areas increased 
insignifi cantly and they constituted 
ca 11% of the basin. For this reason, the 
impermeability of the basin was estimated 
on the basis of the runoff coeffi cient 
(> 60%). Surfaces defi ned as imper-
meable (roads included) in consequence 
constituted 46% of the basin in 1993, 
and as much as 51% in 2002. According 
to the forecast the impermeability of the 
basin will be 57% in 2012. The absolute 
degree of basin urbanization is not 
high, but the concentration of intensely 
managed areas around the Służewiecki 
Stream speeds up the concentration of 
the runoff and increases the rate of maxi-
mum fl ow. The maximum fl ow values 
calculated here (14–18 m3/sec in a three-
-hour rainfall events and 16–20 m3/sec an 
eight-hour one) are only approximate. 

The planning of a storm drainage 
system, and particularly of the dense 
development around the drainage network, 
should utilize a calibrated mathematical 
rainfall-runoff  model. This enables the 
simulation of the changes in runoff condi-
tions and for the determination of endan-
gered zones, both direct and secondary, in 
which there is a hazard of fl ooding by the 
main watercourse during a high-intensity 
rain. Every mathematical model, howe-
ver, close to perfection, must be supported 
by input data and by the current state of 
the basin development. The problem of 
the impact of urbanization remains open, 
and its solution is not possible without 
meteorological and hydrological moni-
toring.
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Streszczenie: Zmiany użytkowania ziemi w zlewni 
Potoku Służewieckiego i ich konsekwencje hydro-
logiczne. Niekontrolowana hydrologicznie zlew-
nia Potoku Służewieckiego o powierzchni zlewni 
wynoszącej 55 km2 jest w 51% zurbanizowana. 
Charakteryzuje się nadal mozaikową strukturą 
użytkowania miejskiego i rolniczego. Obrazuje 
to wykres trójkątny rozwinięcia zlewni (dopływy 
prawe i lewe) uwzględniający zmiany współczyn-
nika odpływu w zlewniach cząstkowych. Zmiany 
użytkowania w latach 1993–2002 i ich prognoza 
do 2012 roku (z planu zagospodarowania prze-
strzennego) wraz z obliczonym metodą Bogda-
nowicz (1998) hietogramem opadu są elementami 
wejścia do modelu opad-odpływ. Metoda izochron 
połączona ze wzorem Kirpicha jest funkcją trans-
formującą, a hydrogramy odpływu są elementami 
wyjścia z systemu. Zmiany użytkowania terenu 
w latach 1993–2012 obejmą 10% powierzchni 
zlewni. Spowoduje to ok. 25% wzrost przepływu 
maksymalnego wywołanego opadem trwającym, 
zarówno 3 godziny (14–18 m3/s), jak i 8 godzin 
(16–20 m3/s). 
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