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Abstract: The protection of larger built-up areas that constitute sections of actively functioning
urban zones is a challenge, even under favourable political and economic conditions. The case of
Krakow’s historical town centre, which is protected as a historical site by national law and it was
placed on the UNESCO World Heritage Sites List in 1978, clearly demonstrates how difficult it is to
reconcile the passive character of current conservation doctrines with the demands of the free market
and growth-oriented economy, when developer pressure is not sufficiently balanced out by public
opinion and urban activist movements, when planning tools are incomplete or insufficient, and the
criteria according to which strategic decisions are made are of a quantitative rather than a qualitative
character. Apart from commonly encountered problems that are associated with the gentrification of
town centres or the negative impact of mass tourism, Krakow must also face a growing flood hazard
that stems from its specific and unfavourable hydrological and hydrogeological conditions that are
compounded by the uncontrolled and uncoordinated expansion of urbanised areas, the decay of the
natural environment, and the consequences of climate change. This article presents the multi-aspect
site-specific conditions of the historical centre of Krakow, as well as the analysis of its protection as a
UNESCO World Heritage Site, in the context of flood protection, while taking into consideration the
environmental, economic, and social dimension of heritage. The critical conclusions that are featured
in the work indicate both areas of possible immediate remedial action and the potential directions
that new integrated protection strategies would take.
Keywords: UNESCO world heritage site in Krakow; Poland; world heritage site protection
and management; protection and preservation of built heritage; flood protection; climate-related
radicalisation of natural threats and hazards

1. Introduction
When civilisation development and climate change combine, they bring along an increase in
water-related risks. In the case of cities and urban areas, these are, in particular, an increased risk of the
occurrence and the severity of water-related events: torrential rains, flooding caused by inappropriate
infrastructure, urban flooding, river flooding, pluvial flooding, high soil dampness, and a shallow
groundwater table [1–8]. Previously used strategies that are based on technical solutions are becoming
ineffective and increasingly costly, and the lack of a reaction to the coming change will result in an
even greater part of the population coming under threat, as well as greater flood-related losses [9].
The Thames Barrier, which protects London against tidal and fluvial foods, built in the years 1974–1984,
was used two times per year during the twentieth century, while in the years 2000–2018 it was used
Sustainability 2019, 11, 4886; doi:10.3390/su11184886

www.mdpi.com/journal/sustainability

Sustainability 2019, 11, 4886

2 of 26

more than six times per year [10]. Substantial evidence indicates that the Thames Barrier can become
insufficient to protect global heritage sites, like the Westminster Palace or the Tower of London, against
a thousand-year flood in as early as 2025 [3]. In the Netherlands, in turn, almost a quarter of the
entire country is located on depressed land, whose protection if not its very existence is ensured
by embankments and pump systems that drain excess water from overtopping [11–13]. At present,
around 1.3 billion euro is spent yearly on maintaining this infrastructure, while rising sea levels will
require additional investment and increasing maintenance costs, if not a complete overhaul of the
protection paradigm [13].
The decreasing effectiveness of technical solutions that arises from increasing risk (climate change,
changes in development, rising property prices) caused a change in the philosophy of “protection
against water” to one of “living with water” [13–16]. The European Commission, in the document
entitled Towards Better Environmental Options for Flood Risk Management, recommends that:
“Flood risk management should work with nature, rather than against it” [17]. The concept of
nature-based solutions to lower flood risk by expanding flood areas, old riverbeds, and swamps or
returning them to nature, as well as the establishment of green and blue-green urban infrastructure,
which, among other things, reduces surface runoff, is currently used more frequently [11,13–16,18–22].
In European Union (EU) Member States, the basic principles of flood risk management are
regulated by the Floods Directive (2007/60/EC) [23]. The original provisions of the directive and the
latest recommendations concerning amendments to its interpretation and implementation [24,25]
both do not refer to the protection of cultural heritage in detail. The directive defines flood risk as a
combination of the probability of flooding and its impact on people, environment, cultural heritage,
and economy. Member states identify areas under threat and cultural heritage sites in their planning
documents. However, during the first planning cycles, for instance, only 13 Member States reported
potential adverse consequences to cultural heritage; seven others have also included cultural heritage
features on their national maps [25].
Member States document cultural heritage on risk maps in different ways. There are maps on
which cultural heritage is only generally marked, while in some countries certain types of cultural
assets are distinguished, such as archaeological digs, buildings, museums, religious sites, landscapes,
and other types of cultural heritage [25]. Approaches that include cultural heritage protection in flood
risk management strategies are prepared for the local scale (Seville in Spain [4], Genoa in Italy [26],
the Sucevita River basin in Romania [27], Taiwan [28], or Aytthaya in Thailand [2]); however, both
Polish and European recommendations concerning risk assessment and flood risk management do not
provide explicit, clear guidelines in this regard.
2. Materials and Methods
This article is a critical review of the flood risk management solutions that have been employed
in Poland in the context of protecting heritage areas, presented in the example of the Old Town
complex in Krakow, which was placed on the UNESCO World Heritage Sites List in 1978, and it is
protected under national law. This makes it possible to demonstrate the complex relationship between
historical, economic, and environmental values of heritage areas that constitute a part of the living and
functioning organism of the city and their role in the face of growing environmental threats.
The aim of the study was to answer the following research questions:
•
•
•

determine whether, and if and to what degree do current heritage site protection and flood
protection strategies complement each other in the case of Krakow; and,
what is the current relationship between the city’s heritage area and its hydrographic situation,
what was it like in the past, and how it may change in the future.
What are the existing and potential impacts of additional factors that shape the city’s development
and functioning policy (demography, mass tourism, economy, other environmental hazards, etc.)
on adaptability, vulnerability, and resilience of the built heritage area in the context of flood hazard.
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What is the role that a built heritage area can and should play in development and flood protection
strategies while considering the future challenges that the city will face.

In the research strategy applied here, the built heritage area was analysed from a systemic
perspective and it was treated as a living element of the city’s tissue, instead of being seen as a
historically isolated creation. This approach made it possible to include a scenario, in which built
heritage is both the subject and object of protection strategies. It also emphasises the need for using
both qualitative and quantitative criteria in the formulation of flood protection strategies and actions
instead of being limited exclusively to quantitative ones.
A holistic research strategy combines interdisciplinary thematic studies on various sectors as well
as a variety of materials. Meta analysis was hierarchically applied to the following subjects:
•
•

•

•

Structural, spatial, and hydrographic conditions of the city and the resulting hazards presented
against a briefly outlined historical background.
Current built heritage protection strategies and flood protection strategies, in their legal and
formal context, ranging from local solutions (resolutions, strategies, spatial development studies,
spatial development plans, spatial risk mitigation plans, etc.), to national legal standards (acts of
law, ordinances), EU legal standards (EU resolutions), and international law (conventions).
Additional factors that are responsible for the vulnerability of this layout, e.g. the negative
demographic phenomena associated with the mass tourism model that occur in the UNESO World
Heritage Site area, as well as the rapid and uncontrolled urbanisation of the peripheral areas.
The constraints of the current tools and methods as well as the criteria of their evaluation and
application among which the very definition of the limits of the area that should be subjected to
protection strategies.

3. Results
3.1. Krakow—A Monument to History and a UNESCO World Heritage Site of Universal Values
3.1.1. Krakow—A Brief History of Spatial Development
The oldest uncovered traces of the first settlements founded during the Mesolithic period amidst
the bogs, swamps, and overflow areas of the Vistula River and its tributaries—that slowly meandered
across what is now Krakow at the time—are over 10,000 years old. Wawel Hill was the most defensible
area—a limestone hill located near a bend of the Vistula—and it was here that a defensive gord had
been built and, over time, converted into a royal residence.
The spatial layout of all historical towns is, to a degree, dependent on the layout of watercourses.
In the case of Krakow, this link is particularly strong and it has left a clear mark on its surviving structure
of historical development. The knightly settlement at the foot of Wawel Hill, from its north-eastern
side, in the area of what is now Kanonicza Street, and a market settlement located near what is now
the Little Market Square, were placed on dry, safe land. Two trade routes intersected here, forking
in the direction of two fords on the Vistula—one near Wawel Hill, which led towards Bohemia and
Moravia, and one that led across an island that formed by two branches of the Vistula, on which the
town of Kazimierz was to be founded later.
The naturally defensible character of the area was not enough for a timber and otherwise unfortified
town to resist the Mongol invasions in the middle of the thirteenth century. Krakow burned down twice
during this period. In 1257, between the first and the second invasion, King Bolesław the Chaste signed
Krakow’s town charter: deprived of any graphical appendices, the document featured a description
of the new town’s parcellation strategy that was based on the so-called Magdeburg law. The largest
market square of Medieval Europe was delineated, along with a grid of streets and urban blocks
further divided into plots. The new plan was adapted to existing elements, hence local departures
from its rigid geometry, facilitating the uniqueness of the entire layout that has survived to this day.
A similar principle was adopted during the founding of two additional towns that co-created Krakow’s
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Figure 1. Colored woodcut town view of Krakow (1493) [29]. Public domain.
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The crises that stopped the city's expansion and preserved its Medieval urban layout were not
conducive to the preservation of its historical substance. Insofar as in the first half of the sixteenth
century, when fires consumed both Wawel Hill and the town's individual districts, the city rebuilt
itself with great care and under the eye of the best Polish and Italian masters, but the gradual loss of
significance that was associated with the relocation of the royal court to Warsaw after another fire at
the castle was not favourable to maintaining this tendency. After the catastrophes of the seventeenth
century—a great flood (1625) and two sieges of the town by Swedish forces (1655 and 1656–57), which
ended with its complete destruction and many movable heritage objects being stolen—Krakow did
not regain its former splendour.
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In 1792, the Medieval agglomeration, along with its suburbs, was formally combined into a
single city with an area of 46.9 km2 (the Old Town and Wawel Hill comprise an area of 0.89 km2) [30],
and it was in this shape that it was taken over by the Austro-Hungarian Empire during the third
partition of Poland in 1795. The city enjoyed relative autonomy and it was able to amortise the
consequences of royal-imperial decisions for only a brief period of the partitions (1815–1846). When
a decision to demolish the city's walls was issued in 1810, it was possible to save only a small fragment
of their northern section, with the Florian Gate, three towers, and the Barbican, while the site of the
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K.u.K. Reichs
Reichs Kriegs
Kriegs Ministeriums
Ministeriums ausgefrührt
ausgefrührt im
K.u.K.
im fortificatrischen
fortificatrischen Evidenz
Evidenz Bureau
Bureau des
des K.u.K.
K.u.K. Technischen
Technischen
Militär
Comité,
als
photolitographische
Reduction
der
Special
Übersichts
Pläne
1:10,000.
National
Archive
Militär Comité, als photolitographische Reduction der Special Übersichts Pläne 1:10,000. National
Archive
in
in
Kraków
(Archiwum
Narodowe
w
Krakowie,
Zbiór
kartograficzny,
sygn.
Zb.
kart.
III-9).
The
impact
Kraków (Archiwum Narodowe w Krakowie, Zbiór kartograficzny, sygn. Zb. kart. III-9). The impact
of
of the
internal
of Festung
and integration
of Stradom
and Kazimierz
given
by the
the
internal
ring ring
of Festung
KrakauKrakau
and integration
of Stradom
and Kazimierz
given by the
melioration
melioration
of the (Stara
Old Vistula
Wisła) are visible.
of
the Old Vistula
Wisła)(Stara
are visible.

During
thethat
interwar
period,
when
Poland had
regained its
partially
The
crises
stopped
the city’s
expansion
and preserved
its independence,
Medieval urbanKrakow
layout were
not
developed
on
the
basis
of
the
so-called
Plan
of
Greater
Krakow
of
1910,
whose
implementation
was
conducive to the preservation of its historical substance. Insofar as in the first half of the sixteenth
interrupted
by fires
the start
of the Second
WorldHill
War,
and
that
was largely
based
on the existing
of
century,
when
consumed
both Wawel
and
the
town’s
individual
districts,
the city grid
rebuilt
streets
and
squares
(Figure
3).
During
the
Nazi
German
occupation
(1939–1945)
Krakow,
the
capital
itself with great care and under the eye of the best Polish and Italian masters, but the gradual loss of
of the General
Government,
sawwith
the construction
districts,
alongafter
withanother
efforts aimed
significance
that
was associated
the relocationofofnew
the housing
royal court
to Warsaw
fire at
at germanising
thefavourable
city—towntohouses
were remodelled
to feature
arcades,
the colour
of seventeenth
facades was
the
castle was not
maintaining
this tendency.
After the
catastrophes
of the
altered, etc.great
Theflood
destruction
brought
by wartime
operations
wasforces
relatively
small—the
greatest
century—a
(1625) and
two sieges
of the town
by Swedish
(1655 and
1656–57),
which
damage
thatitsheritage
buildings
suffered
was caused
a Soviet
artillery
barrage
in January did
1945—
ended
with
complete
destruction
and many
movablebyheritage
objects
being
stolen—Krakow
not
while the
and
consequences of the extermination of the local population are difficult to imagine.
regain
its scale
former
splendour.
The transformation
of the city's
demographic
structure
terms ofwas
origin,
education,
and religion
was
In 1792, the Medieval
agglomeration,
along
with itsinsuburbs,
formally
combined
into a single
2
2
completed
theofstart
the(the
construction
theWawel
town and
of )Nowa
Huta
city
with anby
area
46.9ofkm
Old Townofand
Hillmetallurgy
comprise anplant
area complex
of 0.89 km
[30], and
it
in
1949.
Although
it
was
located
7
km
to
the
east
of
the
city,
it
was
already
incorporated
into
it
two
was in this shape that it was taken over by the Austro-Hungarian Empire during the third partition
years
later.inThe
broad
grid-based
circulation
was
created
between
city and its
of
Poland
1795.
Thebelt
cityfeaturing
enjoyed relative
autonomy
and that
it was
able
to amortise
thethe
consequences
new
district woulddecisions
gradually
become
with of
housing
estates and,
over time,When
after the
explosion
of
royal-imperial
for
only a filled
brief in
period
the partitions
(1815–1846).
a decision
to
of
the
free
market
economy—with
big-box
stores
and
parking
lots.
demolish the city’s walls was issued in 1810, it was possible to save only a small fragment of their
The section,
Spatial with
Planning
and Development
Act ofand
1994
largely
liberalised
control
over moat
new
northern
the Florian
Gate, three towers,
the [32]
Barbican,
while
the site of
the former
development
projects.Planty
On thePark—a
31 December,
2003 all previously
enforced
plans
was
used to establish
belt of greenery
surrounding
the Oldspatial
Town,development
today constituting
wereofvoided,
with
lawmakers electing not to introduce a mandatory requirement to prepare new
one
Krakow’s
hallmarks.
ones Two
[33]. decisions
Individualstopped
projects Krakow’s
and the change
the form of useThe
of afirst
given
area
an
spatialofdevelopment.
was
the(primarily
relocationfrom
of the
agricultural
use
to
a
buildable
plot)
were
coordinated
neither
on
the
local
scale—as
local
spatial
seat of the governorship of Galicia to Lviv and, as a consequence, Krakow losing its significance
development
conditions
that The
weresecond
issuedwas
for assigning
every newthe
development
project proved
completely
as
an administrative
centre.
status of a fortress
to the city
in 1850
insufficient
for this
purpose—nor
onWawel
the scale
ofwas
the redeveloped
entire city. Krakow
has reached
its current
shape
(Germ.:
Festung
Krakau).
As a result,
Hill
and fortified,
while the
city itself
was
2, being
having
been
developed
in
a
practically
uncontrolled
manner:
it
occupies
an
area
of
324
km
surrounded with two rings of fortifications, which were supplemented with infrastructural buildings
officially
by just below
770 thousand
(data
for 2017)
and used by metres
more than
a
and
otherinhabited
military structures
and facilities.
In the people
inner ring,
inside
a belt[34]
several-hundred
wide,
including
areacircumstances,
(with an area of
4.065property
km2), contract
amillion,
demolition
edict the
wasresidents
enacted.of
Inthe
themetropolitan
case of military
every
withinworkers,
this belt
students,
and tourists.without
Its most
important
well-defined
element still remains
the fragment
with
could
be demolished
their
owners and
having
a right to compensation.
As a result,
the processes
2
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of the coordinated urbanisation of the suburbs were put to a stop, which included the area of the
railway station adjacent to the city’s military barracks. Despite this, or perhaps because of it, Krakow’s
population density towards the nineteenth century exceeded 21 thousand people/km2 —which was ten
times more than the present figure [31] (p. 231).
During the interwar period, when Poland had regained its independence, Krakow partially
developed on the basis of the so-called Plan of Greater Krakow of 1910, whose implementation was
interrupted by the start of the Second World War, and that was largely based on the existing grid of
streets and squares (Figure 3). During the Nazi German occupation (1939–1945) Krakow, the capital
of the General Government, saw the construction of new housing districts, along with efforts aimed
at germanising the city—town houses were remodelled to feature arcades, the colour of facades was
altered, etc. The destruction brought by wartime operations was relatively small—the greatest damage
that heritage buildings suffered was caused by a Soviet artillery barrage in January 1945—while
the scale and consequences of the extermination of the local population are difficult to imagine.
The transformation of the city’s demographic structure in terms of origin, education, and religion was
completed by the start of the construction of the town and metallurgy plant complex of Nowa Huta in
1949. Although it was located 7 km to the east of the city, it was already incorporated into it two years
later. The broad belt featuring grid-based circulation that was created between the city and its new
district would gradually become filled in with housing estates and, over time, after the explosion of
the free market economy—with big-box stores and parking lots.
The Spatial Planning and Development Act of 1994 [32] largely liberalised control over new
development projects. On the 31 December, 2003 all previously enforced spatial development plans
were voided, with lawmakers electing not to introduce a mandatory requirement to prepare new
ones [33]. Individual projects and the change of the form of use of a given area (primarily from
an agricultural use to a buildable plot) were coordinated neither on the local scale—as local spatial
development conditions that were issued for every new development project proved completely
insufficient for this purpose—nor on the scale of the entire city. Krakow has reached its current shape
having been developed in a practically uncontrolled manner: it occupies an area of 324 km2 , being
officially inhabited by just below 770 thousand people (data for 2017) [34] and used by more than a
million, including the residents of the metropolitan area (with an area of 4.065 km2 ), contract workers,
students, and tourists. Its most important and well-defined element still remains the fragment with
an area of 1.49 km2 , the area of the Medieval Old Town, which constitutes a world heritage site of
outstanding universal value [35–37].
3.1.2. Krakow—Forms and Strategies for Protecting Built Heritage
The legal basis for the protection of the Old Town along with Wawel Hill, Stradom and Kazimierz
(Figure 4) as a UNESCO World Heritage Site is the Convention of 1972, ratified by Poland in 1976 [38].
Section 97 of the Convention’s operational guidelines states that “all properties inscribed on the World
Heritage List must have adequate long-term legislative, regulatory, institutional and/or traditional
protection and management to ensure their safeguarding. This protection should include adequately
delineated boundaries”. The 1985 Convention for the Protection of the Architectural Heritage
of Europe [39] requires its signatories to, among other things, appropriately supervise and enact
regulations for the issuing of decisions and to create an integrating heritage conservation policy.
The scope and requirement of heritage protection is specified in the Historical Monuments
Protection and Preservation Act [40,41]. The Act of 2003 [40] necessitated the inclusion of protective
tasks in spatial planning and development, as well as the shaping of the environment (Art. 4, section 4);
however, it specified neither the scope nor the assessment criteria for such actions. The Act of 2010 [41]
made it mandatory to establish new heritage site lists: a national list [42], as well as voivodeship and
municipality-level lists. Within Krakow’s city limits there are 1218 heritage sites that are listed in the
historical monuments registry and placed under full protection (data for June 2019) [43], as well as
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and municipality-level
in
the historical monuments registry and placed under full protection (data for June 2019) [43], as well
as 6359 sites that were listed in the municipality heritage site list (data for May 2018) [44] placed
6359 sites that were listed in the municipality heritage site list (data for May 2018) [44] placed under
under supervision and partial protection.
supervision and partial protection.
Related acts among which the Construction Law Act [45] and the Ordinance on the Matter of
Related acts among which the Construction Law Act [45] and the Ordinance on the Matter of the
the Technical Conditions that Must be Met by Buildings and Their Placement [46] feature provisions
Technical Conditions that Must be Met by Buildings and Their Placement [46] feature provisions that
that largely concern the possible lifting of the applicability of the necessity to adapt heritage buildings
largely concern the possible lifting of the applicability of the necessity to adapt heritage buildings to
to certain technical requirements.
certain technical requirements.
Guidelines that are found in the conventions and the act are meant to shape local law. The
Guidelines that are found in the conventions and the act are meant to shape local law. The Advisory
Advisory Body Evaluation document (ICOMOS) of 2010 [37] imposed an obligation to extend the
Body Evaluation document (ICOMOS) of 2010 [37] imposed an obligation to extend the protection of
protection of the world heritage site to include a buffer zone (Figure 4), in accordance to section 103
the world heritage site to include a buffer zone (Figure 4), in accordance to section 103 of the UNESCO
of the UNESCO Convention Guideline [38]. This was confirmed by a provision in the Spatial
Convention Guideline [38]. This was confirmed by a provision in the Spatial Development Study
Development Study of 2014 [47,48] (Figure 5). The recommendation to cover the entirety of the buffer
of 2014 [47,48] (Figure 5). The recommendation to cover the entirety of the buffer zone with a local
zone with a local spatial development plan (LSDP, MPZP in Polish) has not been implemented to this
spatial development plan (LSDP, MPZP in Polish) has not been implemented to this day [49].
day [49].
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cultural heritage requiring integration; intensive red hatch—Wawel and Stare Miasto (the area of
of Cultural Park), mid red hatch—Kleparz, Wesoła, Kazimierz and Stradom (parts of medieval
Cultural Park), mid red hatch—Kleparz, Wesoła, Kazimierz and Stradom (parts of medieval
agglomeration and historical suburbs); bright red hatch—Podgórze (Austrian city charted in 1793,
agglomeration and historical suburbs); bright red hatch—Podgórze (Austrian city charted in 1793,
situated on the southern river bank). Neither the area of the UNESCO world heritage site of universal
situated on the southern river bank). Neither the area of the UNESCO world heritage site of universal
value, nor its buffer zone are marked [47].
value, nor its buffer zone are marked [47].

All of the currently applicable protection strategies are based on protecting the originality and
All of the currently applicable protection strategies are based on protecting the originality and
integrity of the substance and form of heritage sites as the results of a historically closed process [50,52].
integrity of the substance and form of heritage sites as the results of a historically closed process
Such an approach, according to the modus tollendo tollens principle, suffers from a methodological
[50,52]. Such an approach, according to the modus tollendo tollens principle, suffers from a
error. In addition, the scale, intensity, and chaos that are present in spatial development policy have
methodological error. In addition, the scale, intensity, and chaos that are present in spatial
all led to a situation in which the Old Town area, with a resilient form and function in its former
development policy have all led to a situation in which the Old Town area, with a resilient form and
functional, spatial, demographic, economic, and—perhaps most importantly—environmental context,
function in its former functional, spatial, demographic, economic, and—perhaps most importantly—
is becoming a vulnerable one. Its protection in the context of threats generated by the city, of which it
environmental context, is becoming a vulnerable one. Its protection in the context of threats generated
is a central and integral part, cannot be boiled down solely to a building, or a complex of buildings
by the city, of which it is a central and integral part, cannot be boiled down solely to a building, or a
and their substance, while the goal of the modernisation of public spaces should not be restricted to
complex of buildings and their substance, while the goal of the modernisation of public spaces should
their aestheticisation.
not be restricted to their aestheticisation.
3.2. Krakow—An Agglomeration Built on Wetlands and Dwelled by One Million Inhabitants
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3.2.1. A Brief History of Flooding in Krakow
3.2.1.A Brief History of Flooding in Krakow
Throughout its history, Krakow has survived many severe floods. These were primarily fluvial
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Photographic documentation making it possible to assess the scale of the destruction has survived
(Figure 6).
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Year Water level [cm] Maximum water flow [m3/s]
1813 flooding
995 in the last century
3300
Table 1. Catastrophic
and prognosticated [56] events (1% and 2%).
1903 952
2250
Year
Water Level [cm]
Maximum Water Flow [m3 /s]
1940 920
2200
1813
995
3300
1960 916
2000
1903
952
2250
1970 907
2300
1940
920
2200
1972 864
2040
1960
916
2000
1997 872
2100
1970
907
2300
1972
864
2040
2001 838
1800
1997
872
2100
2010 957
2480
2001
838
1800
1%
̴ 970
2400
2010
957
2480
0.2% ̴ ∼970
1090
3530
1%
2400
0.2%

(a)

∼1090

3530

(b)

Figure
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NAC)
(b)
1925,
the
foot
of
the
Wawel
Hill
(National
Digital
Archive,
NAC).
Archive NAC) (b) 1925, the foot of the Wawel Hill (National Digital Archive, NAC).

The cause of the flood of 1997 was intensive rain. However, natural causes were not the only things
The cause of the flood of 1997 was intensive rain. However, natural causes were not the only
at the foundation of the magnitude of this flood. There was the inappropriate technical condition of a
things at the foundation of the magnitude of this flood. There was the inappropriate technical
significant portion of flood protection infrastructure along with imperfect legal regulations, and poor
condition of a significant portion of flood protection infrastructure along with imperfect legal
communication with the local population prior to, during, and after the flood. The lack of knowledge
regulations, and poor communication with the local population prior to, during, and after the flood.
and effectiveness concerning crisis events also played their part. In Krakow, the passage of the flood
The lack of knowledge and effectiveness concerning crisis events also played their part. In Krakow,
wave was associated with the flooding of areas adjacent to rivers due to the closing of embankment
the passage of the flood wave was associated with the flooding of areas adjacent to rivers due to the
floodgates and the inability of storm drains to effectively drain the water. A critical situation to the
closing of embankment floodgates and the inability of storm drains to effectively drain the water. A
safety of the D˛ebnicki Bridge also developed—the space underneath the bridge was almost completely
critical situation to the safety of the Dębnicki Bridge also developed—the space underneath the
filled, with only the central, tallest point having around 1 m of space between the underside of the
bridge was almost completely filled, with only the central, tallest point having around 1 m of space
bridge and the water surface. According to Pawłowska [57], this bridge is a sort of indicator of the
between the underside of the bridge and the water surface. According to Pawłowska [57], this bridge
threat level to the Old Town, as its height is only slightly greater than the elevation of some of its most
is a sort of indicator of the threat level to the Old Town, as its height is only slightly greater than the
precious historical parts.
elevation of some of its most precious historical parts.
The flood of 1997 initiated studies regarding increasing the height of the existing Vistula River
The flood of 1997 initiated studies regarding increasing the height of the existing Vistula River
boulevards that protect the Old Town from flooding, which started recently. The proven hazard level led
boulevards that protect the Old Town from flooding, which started recently. The proven hazard level
to the acceptance of the proposal to build additional retaining walls with a height of around 1 m, which
led to the acceptance of the proposal to build additional retaining walls with a height of around 1 m,
were initially criticised as interfering with the landscape of historical areas and buildings. The project to
which were initially criticised as interfering with the landscape of historical areas and buildings. The
increase the height of the embankments was supported by landscape analyses, with different solutions
project to increase the height of the embankments was supported by landscape analyses, with
being used depending on the visual assets of a given area’s vicinity and, apart from a concrete retaining
wall, the areas were also secured with demountable barriers, meant to be erected only when the hazard
presents itself [57]. Apart from the Vistula River boulevards, almost the entirety of the city’s flood

from a concrete retaining wall, the areas were also secured with demountable barriers, meant to be
erected only when the hazard presents itself [57]. Apart from the Vistula River boulevards, almost
the entirety of the city's flood embankments was assigned for modernisation. The design and
construction work that began in 1997 is being carried out to this day (Figure 7).
In 2000,
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flooding and flood prevention for Krakow. The primary objective of this plan was to define the
technical and non-technical measures (to be taken prior to, during, and after a flood) that are for
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7. Temporary and permanent safety measures at the Vistula River boulevards near the Royal
Figure 7. Temporary and permanent safety measures at the Vistula River boulevards near the Royal
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around 85% is the Vistula River basin upstream of Krakow. The Vistula's tributaries that flow into it
3.2.2.
Hydrographic
Context
Risk Factors
within
the city limits
are anand
additional
threat. The combined area of the river basins of all of the
2, out of which as much
tributaries
that
flow into
thecity
Vistula
within the
limits
is around
1200
The flood
hazard
of the
of Krakow
is acity
result
of many
types
of km
threats.
First, the area of the
2
as 900 km is in the areas of neighbouring municipalities (Figure 8). As a result, in the case of the
Vistula River basin, exceeds 8800 km2 in its closing cross-section downstream of the city, of which
Vistula River basin upstream of Krakow, as well as in that of a significant area of direct tributaries,
around 85% is the Vistula River basin upstream of Krakow. The Vistula’s tributaries that flow into
the city does not have the ability to control changes that take place in the outflow from the tributaries
it within the city limits are an additional threat. The combined area of the river basins of all of the
that flow into the river. Thus, it is merely a passive receiver of outflow that is subsequently increased
tributaries that flow into the Vistula within the city limits is around 1200 km2 , out of which as much as
by the constant and progressive process of the urbanisation of the surrounding municipalities.
900 km2 is in the areas of neighbouring municipalities (Figure 8). As a result, in the case of the Vistula
River basin upstream of Krakow, as well as in that of a significant area of direct tributaries, the city
does not have the ability to control changes that take place in the outflow from the tributaries that flow
into the river. Thus, it is merely a passive receiver of outflow that is subsequently increased by the
constant and progressive process of the urbanisation of the surrounding municipalities.
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The Vistula River's barrages are an additional threat. They are composed of six damming
that werebarrages
built in the
1949–2002, threat.
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threeare
arecomposed
located within
thedamming
city limits.barrages
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areyears
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They
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Under
normal
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the
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level
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city,
but
in
the
case
of
a
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they normal
that were built in the years 1949–2002, of which three are located within the city limits. Under
increase flood risk due to the additional damming of significant water surges [61]. This particularly
conditions they stabilise the water level within the city, but in the case of a flood, they increase flood risk
applies to the barrages located within the city limits. Furthermore, the barrage structures, in
due to theparticular
additional
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water has
surges
[61].
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˛ barrage, which feature historical buildings
featuring 37 drainage wells, which are placed on both sides of the Vistula in order to maintain a safe
and complexes, as well as a significant part of the area placed on the UNESCO World Heritage Site List
water table level (Figure 9). Water is pumped from the wells to a combined sewer network or directly
and its buffer
draining
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the wells to a combined sewer network or directly to the Vistula and its tributaries (the Wilga and the
interference with the existing geological system disrupts hydrogeological conditions and it can
Rudawa)Any
[60],
however, rivers are incapable of receiving water during a flood. This is a significant
cause a local, groundwater-based increase in flood risk when combined with heavy rain, which seems
factor that
increases
the flood hazard in the features of the construction of the structures and the
underestimated in the case of many of the new investments that have foundations going as deep as
densification
of meters
development
in the
city centre. Any interference with the existing geological system
a dozen
below ground
level.
Krakow's sewerage
system isand
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a combined
sewer system (sewage water
and in flood
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conditions
it can cause
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increase
surface
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transported
whilewhich
using aseems
shared underestimated
pipe or tunnel) in the
areas
the city,
risk when
combined
with
heavy rain,
in central
the case
of of
many
of the new
while in its outer areas a separate sewer system is utilised (sanitary sewage and surface runoff are
investments that have foundations going as deep as a dozen meters below ground level.
transported separately). In those districts of Krakow that are undergoing urban development, it is
Krakow’s
sewerage system is predominantly a combined sewer system (sewage water and surface
the Vistula's tributaries that are surface runoff receivers, both directly and through sewerage. Outfalls
runoff arethat
transported
whilewater
using(ofa shared
pipeare
or 38),
tunnel)
in are
thelocated
centralatareas
of the city,
while in its
discharge storm
which there
which
the combined
sewer
collectors,
all feature
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that prevent
the rising
waters and
of thesurface
Vistula from
entering
the
outer areas
a separate
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system is utilised
(sanitary
sewage
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are transported
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flooding
the city.
In the case
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locks on the urban
storm water
outfalls, the itsewerage
separately).
In and
those
districts
of Krakow
that
are undergoing
development,
is the Vistula’s
cannot drain surface runoff from rain greater than 20 mm [60].
tributaries that are surface runoff receivers, both directly and through sewerage. Outfalls that discharge
storm water (of which there are 38), which are located at the combined sewer collectors, all feature
shutters—locks that prevent the rising waters of the Vistula from entering the sewers and flooding the
city. In the case of closed locks on the storm water outfalls, the sewerage cannot drain surface runoff
from rain greater than 20 mm [60].
Current surface runoff management solutions pose threats whose primary sources are the lack
of the retention of surface runoff; the inefficiency of the current combined sewerage and storm drain
systems, which in many areas of the city are incapable of draining and transporting surface runoff, and
it results in flooding in heavily developed areas; in addition to the inability to discharge water through
storm water outfalls during periods of flooding (when the Vistula’s water levels are high), as their
outlets are located below the flood water levels.
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of deformation and puts the safety of the boulevard floodwalls at risk. The embankments were
modernised numerous times, with the latest significant changes being introduced after the flood in
1997, when the boulevards were extended upwards through the construction of retaining walls with
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In Poland, flood risk management is based on cyclical planning (performed every six years), which
is comprised of preparing four planning documents, as recommended in Directive 2007/60/WE on the
assessment and management of flood risk [23,64]: Preliminary flood risk assessment (WORP), which is
meant to identify sections of river valleys with significant flood risk, for which flood hazard maps and
flood risk maps will be prepared first; Flood hazard maps (MZP), which depict the boundaries of areas
that are under the risk of the occurrence of p = 1%; p = 10% and p = 0.2% flooding and areas under the
risk of flooding because of embankment breaches during a p = 1% flood; Flood risk maps (MRP), which
depict the potential losses that can be incurred in areas depicted on flood hazard maps, combined
with areas under flood hazard because of embankment breaches; and, Flood risk management plans
(PZRP), which cover a listing of measures meant to minimise the identified hazards and limit potential
negative consequences of floods on the life and health of people, the environment, cultural heritage,
and economic activity, i.e. the purpose of flood disaster mitigation as stated in Art. 1 of the flood
directive [23].
All of the abovementioned four documents should refer to threats to cultural heritage. For instance,
the Water Law Act and its executive ordinances [65,66] specify that WORP documents should feature
analyses that cover the descriptions of historical floods that have caused significant adverse effects to
human health, the environment, cultural heritage, and economic activity. As a part of preparing flood
risk maps, two types of maps are to be prepared: (1) flood risk maps showing adverse consequences
for the population and the value of potential losses as a result of flooding and (2) flood risk maps
depicting the negative consequences for the environment, cultural heritage, and economic activity.
During the first planning cycle, the maps depicted cultural heritage areas and sites that were divided
into five categories: (1) heritage area, site; (2) site inscribed in the UNESCO list; (3) genocide memorial;
(4) open-air museum, museum; and, (5) library, archive.
A preliminary flood risk assessment was first performed in 2011, while, at present, as a part of the
second planning cycle, a review, and update of the Preliminary Flood Risk Assessment (aWORP) was
performed (2018). As a result of the update, the area under flood hazard was made smaller (Figure 10).
Due to this change, the most important built heritage areas—the Old Town—are not classified as an
area at risk of flooding. This change is a result of taking into consideration the provisions of the flood
risk maps and flood risk management plans that led aWORP authors to conclude that the current
technical safety measures for this area significantly limit the flood hazard, providing a basis for the
introduction of such an amendment. However, a large part of the area inscribed in the UNESCO World
Heritage Site List and a significant part of its buffer zone have been marked as an area at risk.
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It is noteworthy that, in terms of taking cultural protection into account, the methodology of
flood risk assessment as a part of the WORP has been changed. During the second cycle, apart from
an assessment of the impact of flooding on economic activity and infrastructure, the criterion of the
impact of flooding on cultural heritage has been included, being measured as the density of heritage
sites within the analysed area [68].
The results of the preliminary flood risk assessment, i.e. identifying areas at risk of flooding, is
grounds for preparing flood hazard maps (MZP) for these areas. The MZP maps show areas with a
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zones marked.
marked. (https://wody.isok.gov.pl/imap_kzgw/).
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MZP maps, which depict, among others, the range of flooding, were then used to prepare flood
risk maps, which include a population risk map and flood damage map, which includes information
regarding the size of the population in danger from flooding in a given area and the potential value of
the losses that are caused by flood damage, indicatively assessed for such land use classes as housing
areas, industrial areas, agricultural areas, circulation areas, recreational areas, and forests; it also
includes a map of protected areas and of economic and industrial activity, which only depicts the
industrial installations, water sources, recreational areas, and wildlife protection areas, etc. Cultural
heritage is marked only by points symbolising the location of heritage buildings, while palatial
complexes were shown as zones—while areas under protection as UNESCO World Heritage Sites were
not included (Figure 12; Figure 13).
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The final document of the entire planning process is the flood risk management plan (PRZP) for
a river basin. In the case of Krakow it is the Vistula River basin, and the plan was approved by the
Ordinance of the Council of Ministers in 2016 [69]. Five main objectives and 14 detailed objectives
have been defined for the PRZP. The primary objectives include [64]: preventing an increase in flood
risk; minimising existing risk; minimising consequences during a flood; minimising consequences
after a flood and formulating conclusions; and, developing instruments to support the
implementation of legal, financial and information measures.
The selection of actions that are meant to ensure a decrease in flood risk was performed on the
basis of alternative analyses of possible flood protection methods, while taking into consideration
their efficacy and economic efficiency. The selection of the optimal alternative was performed by
using a multi-criteria analysis. Among the 16 assessment criteria that were used there was also the
criterion concerning possible impact on cultural heritage. All the criteria of the analysis were divided
into four categories of assigned weight in evaluation: (1) economic, with the weight of 15%; (2) social,
with the weight of 30%; (3) environmental, with the weight of 22%; and, (4) flood-related, with the
weight of 34%. Cultural heritage was among the six criteria included in the social category. Its weight
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was selected as optimal and leading to the lowering of flood risk for Krakow. In addition, nontechnical measures were planned—improvements to the meteorological and hydrological event
forecasting and alert systems. The planned cost of these endeavours is around 940 million PLN (220
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concerning possible impact on cultural heritage. All the criteria of the analysis were divided into
four categories of assigned weight in evaluation: (1) economic, with the weight of 15%; (2) social,
with the weight of 30%; (3) environmental, with the weight of 22%; and, (4) flood-related, with the
weight of 34%. Cultural heritage was among the six criteria included in the social category. Its weight
within the category was equal to 21%, which gives a weight of 6% in the total evaluation. It does not
discriminate this criterion; however, it does not allow for differentiating among specific objects and
sites. Furthermore, it does not refer to either the UNESCO heritage site or its buffer zone [cf. Figure 4].
Hence, it ignores the 1972 Convention [38] and the 1985 Convention [39]. As a result, this criterion
is insufficient to provide correct flood risk management in relation to this type of areas and sites.
It appears that it would be necessary to prepare a different, more comprehensive criterion for the next
planning cycle, one that would enable the relative evaluation of heritage areas and sites and allow for
taking the presence of the UNESCO world heritage site into consideration.
Analyses that were performed for Krakow covered not only the area of the city, but also the
upstream section of the Vistula (from the mouth of the Soła River), because of the fact that the threats
(fluvial floods) are largely generated there. Analyses also included the Vistula River section downstream
of Krakow (to the mouth of the Nida River), as the flood risk is transferred there (Figure 14). The threat
identification that had been performed led to the conclusion that the existing infrastructure in the form
of embankments (and its parameters and technical condition), as well as the character of areas being
protected (development of high value which constantly increases), does not provide the desired safety
level. It was estimated that an embankment failure could result in around a quarter of the area of
the city becoming flooded—including housing areas, infrastructure, strategic industrial plants, and
numerous world-class heritage sites [70].
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According to the Water Law Act [65], responsibility for the task of flood protection falls not only
on the central government administration, but on the local one as well. Krakow was included in,
among others, the regional Upper Vistula basin flood protection programme, approved in 2011 by
the Council of Ministers [77]. The programme was meant to coordinate efforts across five
voivodeships and ensure funding for measures that are associated with flood protection. The tasks
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the effects are estimated to result in lowering flood damage losses by 710 million PLN (165 million Euro)
and lowering 1% flood water flow by 243 m3 /s.
Of note is the fact that during the first planning cycle Poland did not take the risk associated with
flooding from groundwater and pluvial floods into account, only focusing on fluvial floods [64,71–76].
During the second cycle, attempts are also made to take these types of flood into account, but the pluvial
flood consequences analysis had an estimative and qualitative character because of insufficient data,
with areas at risk of pluvial floods and floods being caused by groundwater remaining unspecified yet
again because of the lack of data [68].
According to the Water Law Act [65], responsibility for the task of flood protection falls not only
on the central government administration, but on the local one as well. Krakow was included in,
among others, the regional Upper Vistula basin flood protection programme, approved in 2011 by the
Council of Ministers [77]. The programme was meant to coordinate efforts across five voivodeships
and ensure funding for measures that are associated with flood protection. The tasks of the Programme
were being implemented for close to four years, becoming voided after the preparation of the PRZP for
the Vistula River basin, but its provisions were used during the preparation of the PRZP.
Apart from national plans, local plans are also being prepared, with significant documents
for Krakow in terms of flood risk management including, among others, The Local Flood Effect
Minimisation and Flood Prevention Plan, prepared in 2000 by the Office of the City of Krakow in
cooperation with central and local government administration agencies that are responsible for flood
protection in the city [58]. It was successively implemented and applied, with the city publishing
yearly reports on its implementation in the years 2005–2018. The plan was voided in 2018 due to the
approval of the Flood Effects Minimisation and Drainage Plan for the City of Krakow; The Flood
Effects Minimisation and Drainage Plan for the City of Krakow—prepared by the Office of the City of
Krakow [78], and approved for implementation in 2018; and, The 2030 Climate Change Adaptation
Plan for the City of Krakow [79].
The Flood Effects Minimisation and Drainage Plan for the City of Krakow is a local municipal
sectorial plan, but it functions in connection with the city’s strategic planning documents, including
the “This is where I want to live. Kraków 2030” City Development Strategy [78,80]. The plan defines
the following goals: the strategic goal—creating a city that is friendly to live in, as well as operational
goals—a sustainable environment and a high safety level in Krakow. As key measures meant to
implement these goals, the plan assumes the modernisation and extension of municipal infrastructure
and the improvement of crisis management [78]. This plan also does not feature direct references to
building heritage areas and sites.
The 2030 Climate Change Adaptation Plan for the City of Krakow was prepared as a part of the
Ministry of the Environment’s national project entitled “Preparation of climate change adaptation
plans for cities with more than 100 thousand inhabitants”. Krakow participated in the project as
one of the 44 Polish cities that did so. The plan includes a diagnosis of major threats, among which
the following have been identified as the most significant: heat waves, non-rainy periods, torrential
rains and storms, fluvial and pluvial floods, and air pollution. The plan specifies a series of adaptive
measures, the implementation of which is to lead to an increase in the city’s resilience to the effects of
these threats, including water-related risks [79]. The plan does not directly refer to building heritage
areas and sites, however it does so indirectly by means of the planned measures for high-density
housing areas that, of course, cover the area of the Old Town. The planned measures meant to improve
the city’s resilience to water-related risks include: blue and green infrastructure, the modernisation
of flood embankments, and the establishment of a surface runoff management and usage system.
The estimated costs of the implementation of the informational and educational, organisational, and
technical measures are around 8,2 billion PLN (1,9 billion Euro), while their implementation has been
planned for the next 12 years.

Sustainability 2019, 11, 4886

18 of 26

3.3. Krakow—A Single-Hazard City?
Floods are currently the most significant, if not the only threat included in protection plans and
strategies. At present, the only essential problem, one that has a constant, rather than a catastrophic
character, but one that has a catastrophic dimension, is environmental pollution—primarily air
pollution. Poland has the worst air in the entire European Union and at the same time the most
liberal regulations concerning informing society about air quality [81]. Concentrations that in many
European Union Member States are considered as alarming levels are treated as permissible in Poland.
For instance, the PM10 alert-level average 24-h concentration is 300 µg/m3 (in the Czech Republic,
Slovakia, and neighbouring countries that, similarly to Poland, used to belong to the Eastern Bloc,
alert-level concentration levels are 100 and 150 µg/m3 , respectively). Low air quality during summer
makes heat waves that keep hitting the city even more severe. There is no political will to limit
air pollution and climate radicalisation by securing the necessary reserves of green open areas and
constraining the filling of the city with concrete or even reversing the process altogether. Blue-green
parks featured in the latest protection strategies and their drafts are limited to using these labels
to describe the already existing areas. Their protection, although undoubtedly necessary, will not
be sufficient.
Climate change forecasts for the region assume increasingly frequent and longer heat waves with
less frequent but increasingly torrential rains, which lead to increased flood hazard and the soil turning
barren. Perhaps the integration of flood protection, built heritage protection as well as smog and climate
change prevention strategies could help to convince stakeholders to limit the share of free-market
mechanisms in the shaping of the city. The current atomisation of these strategies is not conducive to a
systemic take on the problem, in which the individual elements have a permanent influence on each
other. Of note is the fact that a sizeable portion of the stone elements and sculptural decorations in
the area under protection has been irreversibly damaged by acid rains (up to the 1990’s Krakow was
surrounded by a greater amount of industrial plants that were equipped with poorer filtration systems
than those used today). What follows is that both surface runoff retention and its impact on heritage
sites cannot be solely analysed in a quantitative manner, ignoring its chemical makeup.
Local temporary measures are also necessary in light of the lack of political will to counter climate
change itself, instead of merely its consequences—on 20 June, 2019 Poland, declaring the welfare
of its citizens and entrepreneurs as justification, blocked the introduction of regulations concerning
achieving energy neutrality by the EU by 2050.
4. Discussion
The article presents the multitude and complexity of factors that are responsible for Krakow’s
vulnerability, including that of the historical urban complex and the resultant difficulties in the
formulation of protection priorities. An interdisciplinary analysis allowed for shedding some light on
problems of local, regional, and global scale:
•
•
•

•

•

Different water-related risks are treated separately.
Traditional, technical approach to eliminating water-related risk is becoming inadequate in the
case of complex urban systems, in particular those containing built heritage sites.
Lack of coordination and correlation of different actions and countermeasures, including
non-complementary tools and legal regulations, results in limited efficiency of atomised
sectorial strategies.
Using solely quantitative criteria in risk estimation, risk mitigation strategies and protection
strategies and ignoring qualitative ones, as well as an intrinsic relation of the urban system, is one
of the methodological weaknesses of the standards that are still considered to be valid.
Additional factors, as well as non-infrastructural countermeasures, are still being underestimated,
despite new approaches and guidelines being declared or established on different levels, be they
local, national, or global [82].
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Definitions and limits of protected areas should be revised as the case study presented here
proves that the area covered by the protection strategies is and must be bigger than the protected
area itself.

The necessity of abandoning the sectorial approach to planning, protection, and management
resulting from the article fits in with the latest UN guidelines [83]. Unfortunately, Polish methodological
standards and—perhaps most importantly—planning, design, and construction practice seem to ignore
this necessity. Hence, despite the constant development of methodological approaches, risk, including
flood risk, remains the subject of narrow, sectorial analysis. What is worse, the solutions that are
employed are still among the traditional, single-task technical ones. As presented in the paper, especially
in the context of built heritage, non-coordinated sectorial actions in the field of risk and climate change
crisis mitigation are ineffective. It should be noted that a solely quantitative consideration of built
heritage in protection strategies as their passive object will result in the construction of costly flood
prevention infrastructure, the maintenance of which will become more expensive. Meanwhile, just as
the protection of a built heritage area should start outside its borders (the buffer zone), flood protection
measures should be introduced not only outside of the zone, but also inside it.
The rigidity of the current built heritage protection strategies—oriented towards the preservation
of form and substance and treating the city as a historically closed creation—is not conducive to
adapting the city to the growing threats that it faces. Insofar as measures that aimed at a single building
or a complex thereof can be focused on its form and substance, this being the subject of decisions made
between the developer, the architect, and the voivodeship conservator of historical monuments, the plan
should coordinate them at the higher level of relations. At the same time, as the analysis presented in
the paper suggests, in the context of other negative factors ranging from gentrification of the city centre,
through intensive and non-coordinated urbanisation of the peripheral areas, to the consequences
of climate change, current atomisation of the separate sectorial strategies might significantly limit
efficiency of any of them. Additionally, on the contrary, if properly coordinated, they can support
and consolidate each other, and the fixed costs in one sector will become countermeasures in another,
making the zero-sum game [13] of the city budget possible.
The analysis of Krakow’s protection strategies—both those concerning the protection of built
heritage and the historical layout of the city and its flood protection strategy—constitute a starting point
for a discussion about what should be the subject and object of protection and how, provided
that the adopted development model increases the threat to the protected heritage area—and
the abovementioned gentrification of inner city areas and uncontrolled urbanisation. It also
encourages further studies on flood protection measures that are different from infrastructural
solutions—particularly those that come at a high energy cost, due to the fact that energy generation in
Poland is still based on burning fossil fuels. Currently, there is a lack of political will to change this
state of affairs—or even to search for and define new integrated protection paradigms, which include
qualitative criteria, instead of merely quantitative and economic ones [82,83]. Perhaps Poland and
Krakow, and its historical Old Town along with it, will soon have to learn to live with the heat and
not despite of the heat, abandoning the controlled regulation of the natural environment in favour of
controlled deregulation and live with water, instead of in spite of it.
5. Conclusions
In Poland, fluvial flood risk is practically the only water-related risk discussed in national and
regional plans, with pluvial floods or groundwater-based floods not being considered at all, even
though they are closely tied to one another. Only at the local scale, at the level of individual cities that
implement their own measures—for instance, draining surface runoff in urbanised areas—and that
face the problem of pluvial floods, is the risk posed by surface runoff and groundwater incorporated
into the broadly understood water management of the city. The climate change adaptation plans that
were prepared for 44 cities have, in turn, introduced a broader approach to natural risks and climate
change. The plans highlight both the mutual linkages between individual threats and underscore
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the necessity of pursuing adaptive solutions and the assessment of their effectiveness in relation
to all of the risks posed by climate change. Thanks to this approach, a series of projects involving
blue-green infrastructure and information and education-oriented measures have been introduced in
the Adaptation Plan for Krakow.
In Krakow, water-related risk is a combination of threats that derive from groundwater, rainfall,
and the river itself. Each threat is addressed by providing a separate type of infrastructure and safety
measures. Current surface runoff management solutions pose threats whose primary sources are the
lack of the retention of surface runoff; the inefficiency of the current combined sewerage and storm
drain systems, which in many areas of the city are incapable of draining and transporting surface runoff,
which results in flooding in heavily developed areas; in addition to the inability to discharge water
through storm water outfalls during periods of flooding (when the Vistula’s water levels are high),
as their outlets are located below flood water levels.
It seems that the very first step to be immediately taken should be focused on integrating actions
regarding river basins in the city area. Such an approach would bring forward a detailed evaluation of
this problem and, eventually, solutions to be applied within current guidelines, technical solutions,
and investment plans. This intrinsic relation between permanently elevated groundwater and flooding
(both fluvial and pluvial), as well as its severe impact on the historical city and the UNESCO world
heritage site have not been properly addressed. This situation requires an immediate change of
approach in flood risk mitigation and management on at least three levels: (1) introducing new
methodical standards in estimating impact of the groundwater on the risk of flooding and integrating
it in risk estimation; (2) considering both cause and effect in choosing safety measures as well as in
prevention strategies; and, (3) implementing a joined, participated effort of both local and national
administration in defining local, regional, and inter-regional development strategies the cost of which,
realisation and maintenance included, would be shared.
Existing planning documents concerning flood protection of all of the analysed levels do not
take the protection of built heritage into particular consideration. The maps and plans that have been
prepared thus far, as it has been mentioned above, approach the inclusion of the subject matter of the
impact on cultural heritage in an extraordinarily simplified matter—using the criterion of the number
of heritage sites, without rating them in any way. Meanwhile, 2/3 of the buffer zone (the western,
south-western, southern, south-eastern, and eastern section), as well as the entirety of Kazimierz and
Stradom (a part of the UNESCO World Heritage Site area that is not a part of the Cultural Park) are
areas that are threatened by a one-hundred-year and thousand-year flood. Other protection strategies
(apart from flood protection plans) and relevant legal acts (acts of law, ordinances, resolutions, the
spatial development conditions, and directions study for the city of Krakow) do not clearly take this
factor into account, nor do they try to minimise it. This issue requires synergic interdisciplinary actions
and, while dealing with interpretation and evaluation of various social conditions, it should meet both
national and international legal standards.
In the last two decades, Krakow has become one of the most popular tourist destinations in
Europe. In 2018, Krakow was visited by almost 13 million tourists, who spent around 1,5 billion euro in
the city [34]. It resulted in unprecedented—and currently irreversible—spatial, economical, functional
and socio-cultural changes. Factors that result from these changes have a significant impact on hazards,
including those threatening the historical city centre itself, as well as the spatial development of the
city and protection of its environmental qualities. They can be considered to be a threat that increases
flood hazard (both pluvial and fluvial), but they can also be considered yet another argument for
taking a synergic approach to protecting built heritage in the face of rising environmental threats.
One of the factors that should be accentuated to a greater degree is the actual number of users of
the city centre—the historical layout along with the development that is either under the protection
or supervision of conservation services and that is a part of the UNESCO World Heritage Site area.
It appears that it is underestimated in the current strategies. 40 thousand beds in hotels (information
that is already out of date, as it refers to the latest statistical yearly from 2018, which lists data for 2017)
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are only a section of the available lodgings, which in the centre of the city is primarily provided by
apart-hotels and apartments for short-term rent. The attempt at ensuring the preservation of housing
as a form of use by the provisions of the local spatial development plan for the Old Town within its area
has merely resulted in an increase of offers of this type of lodgings and the further gentrification of the
centre. The presence of tens of thousands of users—who do not know the city and its conditions too well
and who do not necessarily understand Polish—in areas under the flood hazard—primarily as a result
of embankment breaches, which results in a much more sudden event—is another weak link during
a crisis. The challenge here is, without a doubt, the system of communicating and informing about
threats and the competencies, primarily language-related ones, of emergency services. Meanwhile,
here, the opportunity is the favourable location of the strict city centre (the Old Town with Wawel
Hill), outside of the area at risk of flooding and therefore a “dry corridor” that leads to the rail and
bus station (that provide, among others, transport to the Krakow Airport). This area is located within
the buffer zone of the UNESCO World Heritage Site and is one of those fragments that are not even
covered by planning works, despite the explicitly stated necessity of conducting them, as specified in
the current Spatial Development Study from 2014 [47], as well as the last ICOMOS report [37].
The analysis that was performed by the authors indicates that the protection of the buffer zone
of the UNESCO World Heritage Site in the physical, functional, and landscape sense, with the
greatest possible share of non-invasive compensatory infrastructure, including blue-green dual public
spaces, is a priority. Meanwhile, the plan of protecting green areas that are valuable in terms of
wildlife—already highly conservative—that had been submitted for approval was rejected under
pressure from developers. In the cut version of the plan for selected natural areas of the city of
Krakow—stage A approved on 12 September, 2018 [84] covers only two short sections along the shores
of the Vistula River upstream of the historical development complex and otherwise—out of the many
valuable green areas located inside the outline of the historical complex considered a monument
to history and the UNESCO World Heritage Site and in their immediate vicinity—only mentions
the Botanical Garden of the Jagiellonian University. It should be added that green areas currently
constitute less than 14% of the city’s area, of which forest and park areas constitute 7,2% (data for 2017).
Meanwhile, and it must be emphasised, as the protection of the protected area must start outside the
area itself, so flood protection countermeasures should be implemented not only outside the area,
but also in the area. Otherwise, their lack will have to be compensated far beyond the limits of the
protected area, and the current buffer zone may not be enough.
The analysis of Krakow’s protection strategies—both those concerning the protection of built
heritage and the historical layout of the city and its flood protection strategy—constitute a starting
point for a discussion about what should be the subject and object of protection and how, provided
that the adopted development model increases the threat to the protected heritage area; what role can
and what role should be played by the heritage of the past in countering the negative consequences of
climate change, and what consequences are accompanied by the negative aspects of mass tourism
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Springer: Cham, Germany, 2016; pp. 279–292. [CrossRef]
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