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Abstract: This article att empts to map out accessibility to places of evacuation from 
fl ood-prone areas to the nearest and most-accessible public utility facilities 
within the boundaries of the Mazovia province of Poland with the use of the 
two-step fl oating catchment area method (2SFCA). A fl ood-prone area is de-
fi ned as an area of the so-called 100-year water that was delineated on fl ood 
hazard maps. In order to accomplish the aim of the work, it was necessary to 
use data from the resources of the Topographic Objects Database (BDOT) and 
OpenStreetMap (OSM). It was concluded that the worst accessibility to places 
of evacuation within 15 minutes may be found in the southeastern part of the 
Mazovia province as well as along the Bug and Narew Rivers, which is where 
fl ood plains are wide and many residential buildings are located.
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1. Introduction
Floods are considered one of the most dangerous and frequent natural disasters 

throughout the world. Not only do they generate huge fi nancial losses, but they also 
represent a hazard to human life. There are many diff erent types of fl oods as well 
as a multitude of diversifi ed fl ood-protection measures. Potential fi nancial losses 
increase due to the fact that fl ood hazard areas are becoming more and more de-
veloped, and people are putt ing too much faith in technical means of fl ood pro-
tection such as levees, reservoirs, etc. [12, 14]. Floods cannot be completely elimi-
nated, which is why societies need to learn how to live with them [13]. Methods of 
fl ood-loss reduction are included in the Flood Directive [5].

To reduce the extent of fl ooding and its adverse consequences, the following 
tasks (fl ood hazard and fl ood risk management) should be integrated [4]:

 – prevention: preventing losses caused by fl oods through halting development 
in fl ood plains, especially in those places where it is economically justifi ed, 
rethinking facilities that will be constructed for potential fl ood hazards, and 
fostering the appropriate use of land, (including agricultural and forest prac-
tices) so as to reduce the loss of natural soil retention;

 – direct protection against fl ooding: undertaking technical and other measures 
in order to reduce the likelihood of occurrence and/or the impact of fl ooding 
in certain places;

 – readiness: an adequate system of forecasts and warnings; i.e., notifying peo-
ple about fl ood hazards and rules of conduct in the event of fl ooding;

 – eEmergency proceedings: reacting to fl ooding; i.e., elaborating emergency 
plans in the event of fl ooding and anti-fl ood action;

 – reinstating normal conditions and drawing conclusions: mitigating social 
and economic consequences in the cases of people aff ected by fl ooding.

There is, however, a fundamental diff erence between individual stages of fl ood 
risk management; i.e., fl ood protection or emergency proceedings. In the case of 
fl ood protection, its primary objective is the eff ective protection against the conse-
quences of high water levels in such a way as to avoid the water directly contacting 
people and property. In turn, the aim of the emergency proceedings is to conduct 
an anti-fl ood action in the most-effi  cient manner rather than utilizing the protection 
understood as the modernization or construction of a protection system.

The anti-fl ood action consists of the following [4]:
 – protecting human life and health as well as reducing the fi nancial conse-

quences of fl ooding during rescue operations;
 – transport effi  ciency concerning the evacuation of people and property as well 

as providing materials and devices to reduce losses;
 – securing damage-prone facilities and devices that may pose a threat to the 

environment during a fl ood, such as sewage systems, fi lling stations, or 
chemical plants;
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 – securing public utility facilities in which there are many people;
 – other activities tailored to the specifi city of a given region.

This article focuses on only one aspect of reacting to a fl ood event: transport 
effi  ciency concerning the evacuation of people. Evacuation is understood here as 
moving people away from a (potentially) fl ood-prone area before there is direct con-
tact of people with “water” and housing them in “safe” places until it is no longer 
necessary [9, 15]. The degree of evacuation success depends on a number of factors, 
such as warning time, reaction time, dissemination of information and instructions 
on how to act during evacuation, evacuation routes, possibilities of traveling on 
roads, etc. [20].

The aim of this article is to map out the spatial diff erentiation of accessibility 
to places of evacuation from fl ood hazard areas to the closest and most-convenient 
public utility facilities within the Mazovia province. The research, therefore, was 
conducted on a regional scale [19].

2. Research Area

For detailed research, the authors selected the Mazovia province situated in the 
central-eastern part of Poland. It is the biggest province in the country (with an area 
of 35,600 km2). Its capital is Warsaw (which is also the capital of the country) with 
its 1.7 m inhabitants, whereas the whole region is populated by 5.2 m people [22]. 
The Mazovia province is comprised of 37 districts, 5 towns with county rights, and 
314 communes.

Its sett lement network is made up of 85 urban units, including the following 
breakdown [28] (Fig. 1):

 – 1 city with more than 1,000,000 inhabitants (Warsaw);
 – 2 cities with 100,000 to 250,000;
 – 4 with 50,000–100,000;
 – 13 with 25,000–50,000;
 – 29 with 10,000–25,000;
 – 36 with fewer than 10,000 inhabitants (as well as numerous villages).

The basic road network in the analyzed area is comprised of national and prov-
ince roads; its layout is centralized, and most of the main routes meet at the capi-
tal [33] (Fig. 1).

The whole area of the province in question is situated in the Vistula basin in the 
water region of the central the Vistula River. Its basin is asymmetric, with prevailing 
right-bank tributaries; the longest of which is the Narew River. In turn, the longest 
tributaries of the Narew within the boundaries of the discussed area are the Bug, 
Wkra, and Orzyc Rivers. The longest left-bank tributaries of the Vistula (considering 
the size of catchment area surface) in the Mazovia province include the Radomka 
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and Pilica Rivers [22] (Fig. 2). The area of 100-year water within the Mazovia prov-
ince is 1,300 km² (Tab. 1), of which the largest is on the Vistula River (about 400 km²), 
the Narwia (about 300 km²), and the Bug (about 250 km²). In the event of fl ooding, as 
many as 136 communes (out of 314) may be inundated (Tab. 1). The largest surface of 
the fl ood plains can be found in the communes in the southern part of the Mazovia 
province; i.e., in Magnuszew, Maciejowice, and Kozienice. Within their boundaries, 
the Radomka, Pilica, and Zagożdżonka Rivers meet the Vistula, which is why the 
fl ood plains are very wide there; their surface in each of them amounts to between 
50 and 60 km² within area exposed to fl oods, where 15,131 residential buildings are 
located and 34,101 people live (Tab. 1).

Fig. 1. Location of Warsaw in transport and sett lement network of Mazovia province

Table 1. Statistical characteristics of 100-year fl ood zone 

Surface 
[km2]

Number of 
sett lement units

Number of 
inhabitants

Number of residential 
buildings

Surface of residential 
buildings [m2]

100-year 
fl ood zone 1315 164 1,642,126 15,131 1,224,574.5
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The largest number of residential buildings are situated in places where the 
fl ood plain is the greatest (where the river is joined by its tributaries): the upper 
section of the Vistula within the Mazovia province along with the middle sections of 
the Bug and Narew. Moreover, residential development can be found along smaller 
rivers in the region, such as the Pilica, Radomka, Wkra, and Bzura Rivers (Figs. 2, 3).

Warsaw was classifi ed in 12th position considering the size of the fl ood plains in 
the communes of the Mazovia province. The so-called 100-year fl ood zone occupies 
about 25 km² in the capital (the risk level was also described as very high there). The 
Vistula River fl ows through the very center of the city, dividing it into two parts: the 
left bank and right bank. Larger fl ood-prone cities in the Mazovia province (outside 
Warsaw) include the following: Płock (with 122,000 inhabitants), Pruszków, Legion-
owo, Ostrołęka, and Otwock (40,000–60,000 inhabitants), and Sochaczew, Nowy 
Dwór Mazowiecki, Wyszków, and Płońsk (20,000–40,000 inhabitants) (Figs. 1, 2).

Fig. 2. Rivers and fl ood hazard areas in Warsaw region
Source: own study based on [34]
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3. Source Materials and Research Methods

This article concentrates on one element of fl ood-hazard management: the evac-
uation of people. It was assumed that, in the Mazovia province, there will be a fl ood 
with a probability p = 1% (the areas of the so-called 100-year water). These areas 
were delineated on fl ood-hazard maps, which was one of the stages of the Flood 
Directive implementation by the EU member states [29, 30]. Flood-hazard maps 
show areas of diff erent probabilities of fl ooding; yet, due to the fact that researchers 
most-frequently use the areas of the so-called 100-year water (Qp = 1%; i.e., discharge 
of probability of occurrence p = 1%), the researchers also decided to limit themselves 
to their scope [2, 3, 8]. The area was divided into primary fi elds (174,816) of a square 
shape with sides of 100 m, which was connected with the features of the spatial dis-
tribution of residential development exposed to the fl ood hazard. As it is distributed 
in “islands”, the obtained results would also allow us to assess accessibility levels 
only to the areas of these “islands”, and the aim of the research was to map out the 
diff erentiation of accessibility levels for the whole fl ood-hazard area. Moreover, the 
use of artifi cial primary fi elds allows us to show levels of accessibility to places of 
evacuation on the areas where development may occur in the future.

The number of both one- and multi-family residential buildings was calculated 
within each primary fi eld. The potential number of people living in the analyzed area 
was estimated on the basis of the number and types of residential buildings as well 
as their surface (which was multiplied by the number of stories in each building). In 
order to obtain the highest-possible accuracy while establishing the number of inhab-
itants of a given building, estimations were made on the level of the commune. Using 
the Local Data Bank of the Main Statistical Offi  ce (BDL GUS), the authors obtained 
data on the number of inhabitants in each basic territorial unit. Subsequently, the 
number and surface of residential buildings was calculated on the basis of the Topo-
graphic Objects Database (BDOT) for each commune. The quotient of these two values 
allowed us to determine how many people there are in each commune for each 1 m2 of 
residential building surface in each of the basic units in the Mazovia province (Fig. 3).

Then, the authors identifi ed public utility facilities in the Mazovia province to 
which people can be evacuated. To accelerate the research, further deeper analyses 
included only those located within 15-minute travel isochrones from the boundary 
of the so-called 100-year water. They are comprised of churches, schools, research 
institutions, physical education buildings, cultural institutions available to the gen-
eral public, hospitals, and healthcare centers. Buildings with their functions, num-
bers of stories, and types of development were also taken from the resources of the 
Topographic Objects Database (BDOT) obtained from the Provincial Center of Geo-
detic and Cartographic Documentation in Warsaw. The adopted research accuracy, 
together with the assumed regional scale of the research, allows us to determine 
the adjustment of distribution and the size of potential places of evacuation for the 
distribution of the region’s population.
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Travel time of the fi re brigades to the place of an event has a direct impact on 
saving human life and health as well as the eff ectiveness of the activities carried 
out during rescue operations [11]. According to the Regulation of the Minister of 
Internal Aff airs and Administration of 18 February 2011, all entities located outside 
of the city, municipality, or county incorporated into the National Rescue and Fire 
Fighting System carry out basic salvage operations in their area of activities referred 
to commuting times: 8 and 15 minutes. When units of the State Fire Services are not 
able to reach within a 15-minute drive of the fi rst forces and means to place an event 
(in this case, the objects located on fl oodplains) should be provided by units of the 
Volunteer Fire Brigade [7]. Therefore, the authors decided to perform their analysis 
for within 15 minutes.

Fig. 3. Distribution of residential buildings in fl ood-prone areas and public utility facilities 
located in “safe” areas of Mazovia province
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In turn, information regarding the potential route and allowed maximum 
speeds on individual road network sections was obtained from the resources of the 
General Directorate for National Roads and Motorways (GDDKiA), the Mazovia 
Province Roads Authority, as well as OpenStreetMap (OSM) databases. The latt er 
project was launched in 2004, and it is one of the biggest free editable sources of geo-
graphic information [16, 17]. Additional data included in this resource has att ributes 
ascribed to them; in the case of roads, this is data on their categories, maximum 
permissible speeds, etc. [18].

In order to accomplish the research aim, the two-step fl oating catchment area 
method (2SFCA) was used in a modifi ed version so as to capture the gist of the 
research in the best-possible way. This is one of numerous methodological ap-
proaches used in research into accessibility. Spatial accessibility is a research top-
ic that is frequently discussed, especially in the fi eld of geography. The literature 
devoted to this topic is rather vast, both as related in publications from Poland 
and elsewhere. Clear intensifi cation of the research into accessibility is connected 
with analyses conducted by the Stanisław Leszczycki Institute of Geography and 
Spatial Organization of the Polish Academy of Sciences in Warsaw. This group of 
literature includes, among other publications, a book by R. Domański [6], which is 
an introduction into the topic of accessibility (also from the transport perspective). 
Preliminary issues concerning transport accessibility analysis may also be found 
in texts by K. Warakomska [31] and W. Sobczyk [26]. The issues of accessibility 
measurements are also raised by S. Baradaran and F. Ramjerdi [1]. Similarly, pub-
lications by P. Rosik (for instance, from 2008 and 2012) [23, 24] are invaluable for 
research into accessibility. Publications by T. Komornicki and others [10] on the 
relationship between spatial accessibility and transport policy, or those by W. Pie-
trusiewicz [21], M. Stępniak [27], or P. Śleszyński [25] comprise an equally vast 
source of information on notions concerning transport accessibility and the methods 
used to measure it.

The analysis uses the time scope of traveling from fl ood-prone areas of resi-
dence to places of potential evacuation that do not exceed 15 minutes. The choice 
of the interval was preceded by a repeated simulation of research with diff erent 
values of travel time. Even though it is not supported by objective research, the 
value adopted in the end seems to best refl ect the scale. The distance between each 
analyzed fl ood-prone building and individual places of evacuation is expressed in 
units of travel time by passenger car. It is assumed that changes in travel time by 
car during evacuation are aff ected solely by traffi  c regulations referring to maxi-
mum permissible speeds. Despite the fact that drivers may not obey speed limits 
during an evacuation, it may be alleged that project speeds determine the max-
imum speed that allows drivers to reach a “safe” place in a secure way. In this 
way, the authors excluded all other factors such as road congestion or weather 
conditions. A car moves on the shortest path between two points. Each section of 
the road network was given att ributes in the form of length and permissible speed. 
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Considering that drivers will likely utilize on every type of transport infrastructure 
during an evacuation, our analysis also considers footpaths or foot and vehicle 
paths. This is the basis on which the travel time of each section was calculated. 
This allowed us to select subsequent sections of the network that would ensure the 
shortest total travel time between the starting point and the destination (Dijkstra’s 
algorithm).

All of the elements of cartography that were included in this article as well as 
the associated calculations and analyzes were performed using ArcMap software.

In the fi rst part of the two-step fl oating catchment area method, the area acces-
sible from each potential place of evacuation is mapped out, assuming 15 minutes as 
the maximum travel time. Subsequently, for each public utility building, the authors 
calculate individual indicator Rj being the quotient of weight (surface of building) 
of individual buildings to the number of people living in fl ood-prone buildings in 
the area delineated by the given isochrone of travel from the concrete place of evac-
uation [32]:

 

max{ }ij
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where:
 Sj – weight (surface) of potential place of evacuation j,
 Ppi – number of inhabitants of a residential building exposed to fl ood haz-

ard p in research fi eld i,
 dij – travel time between potential place of evacuation j and centroid of re-

search fi eld i,
 dmax – isochrone delineating maximum travel time by passenger car (15 min-

utes).

In this way, the theoretical load of individual places of evacuation is calculat-
ed for the Mazovia province. In the second part of the two-step fl oating catchment 
area method, att ention shifts to research fi elds within whose boundaries residential 
development is located from which evacuation may take place. For each centroid of 
primary fi eld i, an area is delineated as it was in the fi rst stage of the analysis with 
the use of the adopted border value of travel time. Then, for each fi eld i included 
into the research, the authors estimated accessibility indicator Ai, which is the sum 
of value Rj obtained for all places of potential evacuation distributed on the area of 
individual fi eld surface [32]:
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The numerical results of accessibility to potential evacuation places from indi-
vidual primary fi elds within fl ood-prone areas were transformed into a fi ve-step de-
scriptive scale (very low, low, average, high, and very high accessibility) in order to 
facilitate the reception and interpretation of the results. The average value of acces-
sibility levels and the standard deviation of this variable were defi ned for individual 
variants of the research (travel distance to the stop/node). Therefore, the boundaries 
of class ranges represent multiplications of the standard deviation added to or sub-
tracted from the average, depending on whether the accessibility is above or below 
the average (e.g., very low accessibility is the level of accessibility not higher than the 
average reduced by three times the standard deviation).

4. Results

Carrying out the research proceedings allowed us to determine the num-
ber of fl ood-prone residential buildings (numbering 151,131). Their surface is 
1,224,574.5 m2 in total in accordance with the building’s outline, but this number 
increases to 1,838,351.3 m2 if other stories are considered. Having adopted the above 
assumptions of estimating the extent of the population, it was established that these 
buildings are inhabited by 34,101 people.

After drawing an isoline of identical travel time to fl ood-prone areas at a value 
of 15 minutes, it was also possible to determine the number of public utility build-
ings representing potential places of evacuation: 8,257. This amounts to a total of 
6,250,588.5 m2 on the ground fl oor and as much as 14,707,316 m2 after summing up 
the remaining stories.

An especially alarming situation concerns 1,593 fl ood-prone residential build-
ings whose inhabitants are incapable of reaching any facility that could provide 
them with shelter within 15 minutes (Fig. 4). These are buildings located mostly on 
the area of communes in the northeastern part of the province (such as Obryte, Rze-
wnie, or Dąbrówka) as well as in the southeastern part (in places like Maciejowice 
or Kozienice) (Fig. 4).

Acting in accordance with the assumptions of the fi rst part of the two-step 
fl oating catchment area method, the authors analyzed the impact of the interrelat-
ed distribution of residential development and public utility facilities against the 
background of the region’s road network on the possible “load” of potential places 
of evacuation of the population from fl ood-prone areas. In the fi rst place, the load 
in absolute terms was referred to the number of potentially evacuated people who 
are capable of reaching a “safe” public utility facility from their home in 15 minutes 
(Fig. 5). The markedly largest group of people may reach facilities located in the 
southeastern and central parts of the region.



Fig. 4. Spatial diff erentiation of time transport accessibility of residential buildings located on 
fl ood plains in Mazovia province

Fig. 5. Spatial diff erentiation of absolute load of potential evacuation towns 
(public utility facilities) in Mazovia province



Fig. 6. Spatial diff erentiation of relative load of potential evacuation towns 
(public utility facilities) in Mazovia province

Fig. 7. Spatial diff erentiation of accessibility levels to potential places of evacuation 
(public utility facilities) in Mazovia province
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If Warsaw and its immediate vicinity are characterized by a large number of 
potential places of evacuation, they still remain unused in the majority of cases, since 
there is no fl ood-prone residential development from which evacuation could be 
eff ected in their vicinity. These resources, however, are so large and well-connect-
ed with the territory of the province that they may become invaluable in the case 
of evacuation that allows for travel time longer than 15 minutes. In turn, there are 
many residential buildings on the Bug and Narew Rivers; however, due to the large 
number of public utility facilities in their vicinity, their load is rather small.

The existence of a potential place of evacuation does not fully refl ect the safety 
level of a given area. A much-truer picture of reality is conveyed by analysis con-
cerning the extent to which such facilities are accessible to fl ood victims, as they 
may reach the given place of evacuation in the assumed time yet will not fi nd shelter 
there due to overcrowding. This is why it was decided that the load of facilities will 
also be defi ned in relative terms (Fig. 6), which specifi es how many victims there are 
in theory per unit of space of a facility allocated to provide such shelter.

This approach points to an especially disturbing situation in the southeastern part 
of the region, where there are many residential buildings in fl ood-prone areas, and the 
size of the facilities available to potential victims seems rather disproportionate.

Exclusion of results in the relative form from further calculations connected with 
the 2SFCA brought the answer concerning the shape of the spatial diff erentiation of 
inhabitants in fl ood-prone areas to places of evacuation (Fig. 7). In general, it should 
be concluded that the larger part of the so-called 100-year water areas are character-
ized by very good conditions as far as potential evacuation is concerned. Due to the 
high degree of narrowing down the research (i.e., introduction of the primary fi eld 
of 1 ha), two areas were revealed (Figs. 8, 9) that, in the event of fl ooding, should 
remain under observation of those services responsible for crisis management.

The fi rst of them (A) comprises a fragment of fl ood-prone areas situated along 
the Bug and Narew Rivers (Fig. 8), whereas the latt er (B) are areas located in the up-
per section of the Vistula within the boundaries of the Mazovia province, together 
with the Radomka River (Fig. 9). Fragments of fl ood plains in the communes south 
of Zegrze Lake (i.e., Nieporęt and Marki) are characterized by average, low, and 
very low accessibility to places of evacuation. A similarly unfavorable situation can 
be found along the Bug, and it refers to fl ood plains in the communes of Łochów, 
Brańszczyk, Wyszków, Zabrodzie, Somianka, and Dąbrówka. In turn, along the Na-
rew River, average accessibility can be found in some areas of the so-called 100-year 
water in the communes of Olszewo-Borki, Młynarze, Gaworowo, Długosiodło, Rze-
wnie, Rząśnik, Obryte, and Pułtusk (Fig. 8).

Besides this, fragments of fl ood plains located in the communes of Kozienice 
and Maciejowice have average (and even low and very low accessibility in some 
areas) in those places where there are the greatest number of residential buildings 
along with too-few facilities to which inhabitants could be potentially evacuated 
(Fig. 9).
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Fig. 8. Spatial diff erentiation of accessibility levels to potential places of evacuation 
(public utility facilities) for Area A
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Fig. 9. Spatial diff erentiation of accessibility levels to potential places of evacuation 
(public utility facilities) for Area B
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5. Conclusions

In order to reduce the extent of fl ooding and its consequences, tasks (fl ood haz-
ard and fl ood-risk management) should be integrated to include prevention, direct 
protection against fl ood, readiness, emergency proceedings, reinstating normal con-
ditions, and drawing conclusions. These are activities that are performed at a dif-
ferent time: both before and after a fl ood event. It should be remembered, however, 
that each element of fl ood risk management is of paramount importance in mini-
mizing losses. The literature rarely addresses the issues of one of these elements; 
namely, reacting to a fl ood. This is why the authors made an att empt to map out 
the accessibility to places of evacuation from fl ood-prone areas to the nearest and 
most-accessible public utility facilities within the boundaries of the Mazovia prov-
ince. In the aftermath of the conducted analyses, it was concluded that the worst 
situation concerning accessibility to places of evacuation within 15 minutes can be 
found in the southeastern part of the Mazovia province, with fl ood plains along the 
Vistula and its tributaries (such as the Radomka). It is precisely there that the fl ood 
plains are the widest, which is why the inhabitants are willing to situate residential 
buildings there. A similar situation refers to the fl ood plains of the Bug and Narew 
Rivers.

The theoretical approach of the process of population evacuation from 
fl ood-prone areas on the spatial plane may represent diagnostic material for possi-
ble activities aimed at increasing the eff ectiveness of the present system of services 
operating within crisis management or the implementation of technological, legal, 
administrative, or informative solutions to the indicated problematic areas that 
might prevent or minimize possible losses. The research carried out to a large extent 
theorizes the multi-faceted activities of the evacuation process and may serve only 
as a basis for further deepened research. It seems advisable to compare the results of 
this analysis with an analysis of the distribution of real evacuation paths, their types, 
duration times, or eff ectiveness. Such deepened research is particularly recommend-
ed for those communes that obtained the lowest accessibility levels and have a large 
number of residential buildings within the fl ood plains. It also seems invaluable to 
conduct a separate analysis aimed at comparing the obtained results referring to 
individual research planes on the commune level and the level of transport accessi-
bility from a synthetic standpoint.
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Dostępność do miejsc ewakuacji dla mieszkańców terenów 
zagrożonych powodziami w województwie mazowieckim

Streszczenie: W artykule podjęto próbę określenia dostępności do miejsc ewakuacji z te-
renów zagrożonych powodzią do najbliższych i osiągalnych obiektów uży-
teczności publicznej w granicach województwa mazowieckiego przy wyko-
rzystaniu dwuetapowej metody określenia obszarów rynkowych (2SFCA). Za 
teren zagrożony powodzią przyjęto obszar tz w. wody stuletniej, który został 
wyznaczony na mapach zagrożenia powodziowego. Dla realizacji celu pra-
cy niezbędne było wykorzystanie danych pochodzących z zasobu BDOT oraz 
OSM. Stwierdzono, że najgorsza sytuacja pod względem dostępności miejsc 
do ewa kua cji w czasie do 15 minut występuje w południowo-wschodniej częś-
ci województwa mazowieckiego oraz wzdłuż Bugu i Narwi, czyli tam, gdzie 
tereny zalewowe są szerokie i znajduje się dużo budynków mieszkalnych.

Słowa 
kluczowe: ochrona przed powodzią, ewakuacja, dostępność transportowa, wojewódz-

two mazowieckie, GIS, tereny zalewowe


