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Abstract. On the morning of 18 September 2017, the center of the city of Elblag in northern Poland was inundated
by the rapidly rising waters of the Kumiela River, resulting in considerable damage and chaos in the city. The present
paper provides information about this event, which was caused by intense precipitation lasting two days. We put
this individual event in perspective by examining the climate track in the observation and projection of flood hazard
through analyzing changes in temperature, precipitation and intense precipitation. We also examine the non-climatic
factors of flood risk, such as spatial development and river regulation. Further, we pose the question of whether
actions aimed at flood risk reduction, predominantly by way of structural defenses in the catchment of the Kumiela
River, really reduce the flood risk in Elblag. We also offer more general remarks pertaining to flood risk reduction in
Poland, primarily based on technical measures, and we unveil the shortcomings of the current flood risk management
system in Poland. In the social consciousness, the structural flood defense strategy has become the norm of thinking
in terms of methods for reducing the effects of floods in Poland, but this does not always contribute to reducing flood

damage either locally or nationally. We refer to some good examples of preparedness for urban inundations caused by
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heavy precipitation in other cities.
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1. Introduction

On the morning of 18 September 2017, the center of the
city of Elblag (121 191 inhabitants; GUS 2017) in northern
Poland was inundated by the rapidly rising waters of the
Kumiela River. According to the IMGW-PIB SYNOP sta-
tion Elblag-Milejewo, located approximately 10 km east
of Elblag, the 24 h precipitation total from 17.09.2017
18 UTC to 18.09.2017 18 UTC reached 90 mm. Storm
clouds were present over the Elblag Highlands for two
whole days, and a considerable part of the precipitation
fell onto the Kumiela catchment, generating a flash urban
flood. This amount of rainfall in urban areas in the region
has led to other violent events. For instance, on 09.07.2001,
precipitation of 80 mm within only 4 hours in the area of
the Radunia Channel caused a rapid increase in river flow
and a devastating flash flood, which hit the city of Gdansk
(Majewski 2016).

Several streets were flooded in Elblag on 18 September
2017, resulting in considerable chaos and traffic jams in
the city. There was water in the cellars of houses at streets
including Zwiazku Jaszczurczego St., Grunwaldzka St.,

Wyspianski St. and Fromborska St. The water level on the
streets reached up to 0.5 m. A private hospital, located at
Zwiazku Jaszczurczego st., and in particular its electricity
generators and dialysis pumps, were in jeopardy.

The preliminary estimates made by the City Office
show that some twenty educational establishments suf-
fered losses. Basements in 26 houses were inundated,
communication infrastructure was destroyed, and some
80 individuals requested help. According to the fire brigade
records, its units intervened 52 times during those days.
The interventions mainly concerned residential buildings,
but also public facilities and infrastructure. The flood
caused damage mainly to private owners (37 facilities),
but also in buildings owned by the commune and other
entities (companies, associations, etc.). The city estimated
losses at the level of PLN 14 million (EUR 3.37 million).

More than 450 firefighters and policemen participated
in the action during the flood. The army helped with the
placement of sand bags on the dikes'.

' A gallery of photos can be found at https:/info.clblag.pl/galeria,
5510,1,80,Powodz-w-Elblagu.html#szlak
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The Kumiela is a small river with a length of almost
17 km. Its catchment (ca. 40 km’ in area) is largely located
in the Elblag Highlands, which gives the river the nature
of a piedmont river, with considerable bottom slope.
The difference in elevation over the upstream reach of the
Kumiela (11 km) is 150 meters (i.e. the mean bottom slope
in nearly 1.4%), so river runoff can be violent after heavy
rains.

The Kumiela River is known for having caused serious
flood hazard in the past. The violent increases of the water
level in the river and its uncontrollable nature explain why
the inhabitants of Elblag call it “a savage river”.

In the end of August 1924, due to intense rainfall, the
Kumiela inundated a large area of Elblag (then Elbing in
the Western Prussia Province, Germany), including the
railway station. Also the present streets, Grunwaldzka St.
and Zwigzku Jaszczurczego St., as well as many others,
were under water.

Another flood inundated the city a year later, affecting
the residents of the same streets. These floods mobilized
the city authorities to undertake flood protection activities.
The embankments were built in the area of the mouth of
the river, the bed was covered with stone slabs, the bridges
on the Kumiela River were raised, and the river was
dredged. These activities resulted in deepening of the river
by I m. However, this did not protect the city from floods.
The last one before 2017 took place in 2007.

In the present paper, we examine the observed and pro-
jected climate track in relation to flood hazard (changes
in temperature, precipitation and intense precipitation, in
particular). Also, the non-climatic factors of flood risk are
analyzed, such as spatial development and river regula-
tion. Then, we pose the question of whether actions aimed
at flood risk reduction, with structural defenses in the
catchment of the Kumiela River, really reduce flood risk
in Elblag. More general remarks pertaining to the flood
risk reduction strategy in Poland are also offered.

Using the example of a flood in Elblag, the aim of
the analysis presented in the article is to show projected
changes in rainfall hazards as well as problems related to
the preparation of local communities for current and future
floods. This is a case study that illustrates a typical situa-
tion for many cities in Poland.

2. Factors driving changes in flood risk
2.1. Ubiquitous warming

A strong warming signal has been detected, being actu-
ally ubiquitous at every scale from global to continental,
regional to local, and this is likely related to changes in
precipitation.

The annual mean areal temperature in Poland in the
interval 1951-2008 was 7.9°C. It has increased at the rate
of ca. 0.24°C/10 years, and the change is statistically sig-
nificant (Wibig, Jakusik 2012). Winter, with a mean tem-
perature —1.2°C, is the season when temperature increases
the most: 0.38°C/10 years. Spring (mean temperature
7.4°C) has warmed at the rate of 0.36°C/10 years, summer
(17.1°C) by ca 0.17°C/10 years, and autumn (8.4°C) by
0.06°C/10 years, whereas the latter change was statisti-
cally insignificant (Wibig, Jakusik 2012). Owczarek and
Filipiak (2016) analyzed the air temperature in Poland at
18 meteorological stations for 1951-2015 and concluded
that the mean temperature increased by 0.18-0.34°C/
10 years, that is the mean annual air temperature increased
by 1.1-2.2°C since 1951. Warming is also observed in
extreme temperatures in Poland. The increase in intensity
and frequency of heat waves is noted. The number of
hot days in summer and the number of tropical nights in
a year has significantly increased. In turn, cold extremes
have become less frequent, and decreases in the number
of extremely cold days in a year have been observed.
Also, the maximum number of consecutive very cold and
extremely cold days in a year has decreased. However,
the trends are not ubiquitous, and natural variability is
strong (Graczyk, Kundzewicz 2014; Graczyk et al. 2017;
Wibig 2018).

Temperature records at Elblag (54.16 N, 19.43 E;
40 m a.s.l.) are available from 01.01.1951 to 31.03.2013.
Next, the station was relocated about 10 km to the north-
east to Elblag-Milejewo (54.22 N, 19.54 E; 189 m a.s.L.)’.
The annual mean temperature for the station Elblag for
1951-2012 was 7.82°C. The rate of increase of annual
mean temperature was 0.22°C/10 years, and the change
was found to be statistically significant at the level of
0.05 using the non-parametric Mann-Kendall test with
the help of the Hydrospect software 2.0 (Radziejewski,
Kundzewicz 2000). The five warmest years occurred in
2000 (mean annual temperature: 9.37°C), 1989 (9.31°C),
2007 (9.26°C), 1990 (9.22°C), and 2002 (9.19°C).
For the examined period of 1951-2012, the strongest warm-
ing (statistically significant) was detected during spring:
0.39°C/10 years. Table 1 presents values of annual and
seasonal temperatures for each decade, as well as rates of
change, for 1951-2012. The last two decades, 1991-2000
and 2001-2012 (12 years), were considerably warmer than
the previous ones in terms of annual and seasonal mean
temperature, except for autumn in 1991-2000.

* https://meteomodel.pl/BLOG/stacje-meteo-elblag-milejewo/
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Table 1. Mean values of annual and seasonal temperatures in Elblag for particular decades, as well as rates of change, over 1951-2012

(last decade extended to 2001-2012); the changes marked in bold are statistically significant

Mean temperature for decades [°C] Change °C/10 years

Mean temperature oC

1951-1960 | 1961-1970 | 1971-1980 | 1980-1990 | 1991-2000 | 2001-2012 [°C]
Annual 7.44 7.26 7.55 7.87 8.15 8.47 0.22
Winter DJF —1.58 -2.90 -1.04 —-1.05 -0.41 -0.90 0.27
Spring MAM 6.18 6.57 6.79 7.65 7.82 8.12 0.39
Summer JJA 16.70 16.65 16.48 16.42 17.03 17.80 0.19
Autumn SON 8.31 8.79 7.97 8.47 8.10 9.01 0.07

2.2. Observed changes in precipitation

The mean annual areal precipitation total for Poland
for 1961-2009 was 623.7 mm, and the observed changes
in total precipitation differed between regions (Wibig,
Jakusik 2012). For Elblag, the mean annual precipitation
total for 1951-2012 was 666.1 mm, and the trend was
increasing but statistically insignificant (Tab. 2). Total
precipitation was increasing for all seasons, but these
changes were found to be statistically significant only for
winter and spring. In 1991-2012, annual mean, winter and
spring precipitation totals were higher than for previous
decades, whereas the highest mean summer total occurred
in 1951-1960. However, the maximum annual and sea-
sonal precipitation totals were observed in 1960, 1967,
1970 and 1992. The new records for annual and autumn
precipitation, observed in 2017, are biased by the nonho-
mogeneity of the sample. In general, precipitation records
from the new station Elblag-Milejewo (10 km away) are
much higher than those at the previous location.

It follows from climatological premises that the poten-
tial for intense precipitation increases with warming, as
per the Clausius-Clapeyron law describing the increase in
the saturation vapor pressure of the warmer atmosphere.
It is very likely that global near-surface and tropospheric
air humidity has increased since the 1970s (IPCC 2014).
This warming-induced intensification of the water cycle

should have a general impact on the increase in the
frequency and intensity of heavy precipitation events.
However, the detection of change in heavy precipitation
records is a difficult task because of fluctuations at nearly
all temporal and spatial scales. Hence, the change detec-
tion studies published so far do not show a ubiquitous and
consistent signal in heavy precipitation at larger (continen-
tal, regional, or national) scales.

Extreme precipitation shows irregular trends, depend-
ing on regions. Hartmann et al. (2013) stated that the
number of stations with increases in extreme precipitation
in some regions of Europe exceeds those with decreases,
but an assessment of changes is hampered by regional
and seasonal variability. Studies conducted in Poland also
show inconsistent results, depending on the study interval,
datasets used, and calculated indices. According to Lorenc
and Olecka (2006), the number of days with intense pre-
cipitation (=10 mm/day) was increasing over a large area
of Poland during 1971-2002. Also, the number of days
with very intense precipitation (> 20 mm/day) increased.
Lupikasza (2017) studied extreme precipitation using the
95" percentile as the threshold. She revealed increasing
trends, especially for spring and mainly in the northern
part of Poland during winter. For summer and autumn
records, decreasing trends were predominant. Pinskwar
et al. (2018) compared the annual indices of extreme pre-
cipitation of two periods, colder 1961-1990 and warmer

Table 2. Mean values of annual and seasonal precipitation totals for individual decades, rates of change for 1951-2012, and absolute
maximum with the year of occurrence; the changes marked in bold are statistically significant; the highest mean values for the decades
are underlined; data for the new meteorological station Elblag-Milejewo are marked in italic

Precipitation Mean precipitation total for decades [mm] Change v Maximum
ear
total 1951-1960 | 1961-1970 | 1971-1980 | 1980-1990 | 1991-2000 | 2001-2012 | mm/10 years [mm]
1960 939.3
Annual 660.5 636.6 634.8 670.0 687.4 700.4 12.4 2017 12220
Winter DJF 120.1 101.7 99.9 129.2 134.7 130.7 5.0 1967 200.4
Spring MAM 104.3 1323 103.3 110.3 139.9 135.5 5.5 1970 216.9
Summer JJA 254.9 220.4 2522 248.3 211.7 253.7 0.9 1960 511.5
1992 3433
Autumn SON 197.5 179.3 180.0 183.3 199.2 184.4 1.1 2017 499 4
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Table 3. Mean values of indices of extreme precipitation for Elblag for particular decades from 1951-2012, the rate of change, and
absolute maximum with date of occurrence; no change was statistically significant; the highest mean values for the decades are
underlined; data for the new meteorological station Elblag-Milejewo are marked in italic

Index of extreme Unit Mean value of index for decades Change/ | Date or year Max
precipitation 1951-1960 | 1961-1970 | 1971-1980 | 1980-1990 | 1991-2000 | 2001-2012 | 10 years (last day)
Max 24 h mm 353 39.5 40.3 372 433 33.6 -0.4 1992-09-06 83.8
Max 3 day mm 50.8 51.6 61.1 58.4 634 50.2 0.4 1992-09-08 128.4
Max 5 day mm 63.9 60.0 71.6 68.5 72.7 64.9 0.7 1960-07-28 129.6
No. of days
P>10mm days 16.8 16.5 16.0 16.3 17.0 18.8 0.4 1970 33
No. of days
P>20 mm days 4.2 3.7 4.0 35 3.1 2.9 0.2 1960 12
Annual P95 mm 17.4 15.9 16.6 16.9 15.6 15.6 -0.2 1960 28.1
P95 DJF mm 9.4 7.8 8.0 9.5 9.8 9.3 0.2 1993, 2015 14.0
P95 MAM mm 12.0 13.2 10.8 11.1 13.2 12.6 0.1 1959 30.7
1986, 32.5
P95 JJA mm 21.3 20.2 23.2 21.4 18.6 21.1 -0.2 2013 442
P95 SON mm 17.2 15.1 13.7 15.5 19.7 13.7 0.1 1992 339

1991-2015, and they showed that most of the statistical
indices, such as the 25" and 75" percentiles, median, mean
and maximum, were higher during the last 25 years. Also,
increasing trends were more numerous than decreasing
trends, but many changes were weak and statistically
insignificant. Updating analyses with the most recent data
is necessary in order to improve understanding of the
changes.

Table 3 presents the mean values of indices of extreme
precipitation for Elblag for particular decades from 1951-
2012, as well as the rate of change. None of the trends are
statistically significant. The trend for maximum daily pre-
cipitation was decreasing, but those for maximum 3-day
and 5-day precipitation were increasing. The number of
days with intense precipitation (>10 mm/day) increased
during the last four decades. However, the number of days
with very intense precipitation (>20 mm/day), as well as
the annual P95 (95" percentile of precipitation for days
with precipitation >1 mm/day) decreased. The latter index
was increasing for winter and spring, and decreasing
for summer and autumn. The absolute maximum occurred
for three indices in 1960 and for another three in 1992.

2.3. Projected changes

Climate-model based projections for future flood risk in
the warmer world are generally ambiguous (cf. Kundzewicz
et al. 2017). Globally, heavy precipitation indices (maxi-
mum [-day and maximum 5-day precipitation totals) are
projected to become higher than at present (Hay et al. 2016).

Observed changes in temperature and precipitation
for 2001-2012 in comparison with 1971-2000 and projec-
tions for 2100-2071 in comparison with 1971-2000 are

shown in Table 4. Projections of temperature and pre-
cipitation are results of the project CHASE-PL’ within the
Polish-Norwegian Research Programme. To assess future
changes, the dynamical downscaling (DD) experiment
with nine regional climate model simulations from the
EURO-CORDEX experiment (Jacob et al. 2014) was used
for two targeted representative concentration pathways:
4.5 W-m~ and 8.5 W-m” (RCP4.5 and RCP8.5, respec-
tively; cf. Van Vuuren et al. 2011).

According to projections, mean temperature in Elblag
will increase in both scenarios and will be higher under
RCP8.5. The highest increase in temperature is projected
for winter, for both RCPs. Also, the future precipitation
total for Elblag is expected to increase. The highest
for both RCPs.
The observed change in precipitation total for winter at
present (2001-2012 vs 1971-2000) is already higher
(7.8%) than that projected for RCP4.5 (7.1%). The highest
increase in extreme precipitation (P95) is observed for

increase is projected for spring,

spring (7.8%) and for winter (2.1%), and decreases are
noted for summer and autumn. In the future, extreme pre-
cipitation is projected to increase for all seasons, especially
in winter and spring (20-30%).

2.4. Non-climatic factors driving flood risk

In the search for flood generation factors, it is neces-
sary to examine non-climatic conditions affecting flood
risk in the Kumiela River basin, which are related to the
hydrological, terrestrial, and socio-economic systems.

* Climate change impact assessment for selected sectors in Poland,
www.chase-pl.pl; http://climateimpact.sggw.pl/map/proj/
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Table 4. Observed changes of temperature and precipitation for 2001-2012 in comparison with

1971-2000, and projections for 2100-2071 in comparison with 1971-2000

Index Change 2001-2012 | Projections for 2100-2071 vs 1971-2000
vs 1971-2000 DD RCP4.5 DD RCP8.5

Mean temperature — change in °C

Annual 0.6 22 3.7

DIJF 0.1 2.6 4.6

MAM 0.7 23 3.4

JJA 1.2 1.7 32

SON 0.8 2.0 34
Precipitation total — change in %

Annual 5.5 8.2 14.8

DIJF 7.8 7.1 18.9

MAM 14.9 17.9 34.4

JJA 6.9 8.1 4.9

SON -1.7 8.9 19.1

Extreme precipitation
No. of days P > 10 mm (change in days) 2.4 2-4 4-6
Annual P95 (change in %) 4.3 0-10 10-20

71

Source: Pinskwar, Dobler 2018; Mezghani et al. 2017; http://climateimpact.sggw.pl/map/proj/

One of the important factors allowing the system to
cope with the smaller and medium floods is the natural
water storage capacity in the catchment. The analysis of the
catchment area indicates that the sealing of its urbanized
parts has been carried out. However, most of the catchment
area, consisting of arable land, forests and undeveloped
land, is not sealed’, cf. Fig. 1. In brief, the water storage
potential of the upper part of the catchment is still large,
but it is much smaller in the lower part of the catchment.
In the spatial development study for the town of Elblag,
the functionality of the upper part of the catchment was

Map legend

— Elblag River
— Kumiela Creek
—— tributaries
C71 Kumiela Creek catchment
B 80% rate of sealing the surface
Elblag city border
unsealed ground

Fig. 1. Development of the catchment of the Kumiela River
(this study)

* https://www.eea.europa.eu/data-and-maps/data/urban-atlas

reserved for agriculture and forestry as well as green areas.
However, in the central part of the drainage basin, housing
development is planned, and this will undoubtedly lead to
a partial sealing of the catchment.

Intentional activities for flood risk reduction under-
taken in the Kumiela River basin, such as river regulation,
are discussed in Chapter 3.

3. Flood risk management — reduction of flood hazard

The floods that affected European countries in the last
three decades have inspired discussions on ways to reduce
the adverse effects of floods, and consequently for setting
the substantive framework and the time for its implemen-
tation throughout the European Union (EU). The EU
Floods Directive, which was established and adopted by
the European Parliament in 2007 (2007/60/EC), led to
a clear change in the paradigm of thinking about reducing
the effects of floods. The Directive calls for integration of
many activities from various fields, such as engineering,
spatial planning, environmental protection, and crisis
management. Moreover, it points out that in order to
achieve the best results, not only the state administration,
but also local authorities must be included in the process,
as well as endangered owners of facilities and entrepre-
neurs. Everyone can make a meaningful and important
contribution to reducing the risk in their areas.

The Directive conveys a simple message. It recom-
mends drawing up flood risk management plans for flood-
prone areas, based on well-prepared flood hazard and
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flood damage maps. Generally speaking, the concept of
flood risk according to the Directive integrates two ele-
ments: the probability of flood occurrence and the adverse
consequences of flooding. Taking this as a basis, it is now
assumed that the flood risk is driven by at least three fac-
tors: the probability of a flood (hazard), existence of people
and damage potential in the flood-prone area (exposure),
and the likely adverse impact of flooding (vulnerability).
An effective action plan should take into account all of
these components.

It is worth examining the activities undertaken
in Elblag and in the Pomeranian region in light of the
EU Floods Directive.

Several measures have been taken or are being
planned for Elblag, aimed at the reduction of flood risk.
This applies to the planned and the implemented regula-
tion of the watercourse and the planned construction of
a storage reservoir on the Srebrny Stream, a tributary to
the Kumiela River.

3.1. River regulation

The Kumiela River, flowing through Elblag, has been
managed, transformed, drained and regulated over centu-
ries, especially in its lower reaches, where it has served
many useful functions. There were some ten water mills,
a forge, a foil and a paper mill on the river, and a water
retention pond was associated with each mill. The river
provided water to almost 100 wells and waterworks, as
well as to the city’s moat. In result, for practical reasons,
the river had several beds.

When the functions of the river, as mentioned above,
ended, some troughs were covered up. At present, the river
is regulated (Fig. 2) from its mouth to the River Elblag
to the city borders (i.e. along a distance of about 6 km).
Under this regulation, the river bed was strengthened.
The projects were designed to accommodate the discharge

of high water and to provide residents with better condi-
tions for recreation.

Elblag’s environmental plans indicate that, by 2020,
it is planned to regulate much of the remaining part of
the Kumiela River, almost to its source (from km 6+124
to 20+097 of the river course). The cost of this investment
was estimated at the level of PLN 20 million (approx.
4.8 million Euro).

The regulation of the river in the urban part is under-
standable. In such an area, it is necessary to stabilize the
bottom, to strengthen the banks and to ensure the appro-
priate capacity of the river bed storage. However, some
regulations, implemented recently, were carried out in
undeveloped areas of a recreational nature with walking
and cycling paths, where buildings virtually do not exist.
Traditional regulation techniques are inadequate there,
for example, due to interference in the natural environ-
ment but also for aesthetic reasons. Even where such
regulations are indeed necessary, one could imagine more
environmentally-friendly solutions that do not create bar-
riers between the river and the riparian inhabitants and
ecosystems.

Worldwide, there are many cities where rivers have
been regulated so much that they not only guarantee
fair (even if limited) flood safety, but they also provide
conditions for the development of flora and fauna while
performing recreational functions for residents on a daily
basis. The problem is currently becoming increasingly
relevant. Thus, several projects have been devoted to this
subject, and the available literature showing examples
and methods of solutions has been growing dynamically
(Schanze et al. 2004; Bender et al. 2012). In Poland,
interesting solutions have been proposed for the city of
Lo6dz (REURIS 2012).

However, the plans for regulating the Kumiela River
in its upper course (where it flows through undeveloped
areas) are questionable, as the foreseen regulation will

Fig. 2. Examples of the regulations on the Kumiela River in recent years (source: https://info.elblag.pl/galeria,1878,26,39,Regulacja-

rzeki-Kumieli.html#szlak)
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very likely aggravate the future flood hazard further down-
stream in the city.

Because the upper part of the basin is located in the
landscape protection area, regulation of the river channel
that accelerates the water flow may not be optimal. Reduc-
tion of the velocity of water runoff to the riverbed can be
more advantageous. It can be achieved by planting appro-
priate shrubs, afforestation, construction or reconstruction
of wetlands, or arrangement of temporary depressions
for storing water throughout the catchment (Forbes et al.
2015).

3.2. Reservoir retention

The plan for Zutawy (KZGW 2010) and the Water
Management Plan (Dz.U. 2016, poz. 1911), which are
supported strongly by local authorities, assume the con-
struction of a storage reservoir on the Srebrny Stream
(Kumielka), tributary to the Kumiela River. The reservoir
is planned to have a total capacity of 116080 m’ and
a flood reserve of 26550 m’. The documents do not indi-
cate what effect the reservoir would have on floods of
various sizes. However, when comparing the flows for
high waters for the Srebrny Stream and the flood capacity
(ZZMiUW 2013), it can be stated that a 500-year flood
would fill the reservoir in 46 minutes, a 100-year flood in
52 minutes, and a common 2-year flood in 114 minutes.
It is clear that the reservoir could only be an effective
protection against minor floods. It would definitely not be
sufficient for a large flood, such as the one that occurred in
2017, resulting from heavy rainfall that lasted almost two
days. In such a case, the impact of the reservoir would be
almost negligible. However, it is possible to strengthen the
reservoir operation by ensuring natural retention through-
out the entire Kumiela River Basin, trying not to increase
the sealed area, limiting development, and delaying the
flow of rainwater to the river channels in any possible way.

3.3. Natural retention

A significant part of the Kumiela River Basin lies
within the Landscape Protection Area of the Elblag
Uplands. The landscape arrangement significantly slows
down the flow of waters to the riverbed of the Kumiela
River Basin. In 2006, the Elblag City Council approved
a local spatial development plan for the Kumiela River
corridor (XXVIII/700/2006), the aim of which was to
maintain green areas constituting the ecological corridor
of the river, as well as “designating attractive locations
for new residential and commercial development”. Local
spatial development plans have been developed in the

last 10 years for an area of over 450 ha of the middle and
upper parts of the catchment (XV/310/08, 1X/239/2011,
XXVI/714/2013). According to these plans, up to 60% of
the area is intended for residential, service and even indus-
trial development. The catchment, whose management
and condition impact floods on the Kumiela River and its
tributaries, is not subject to as much protection as the river
valley. The lack of conditions for rainfall management
in the catchment will certainly contribute to accelerating
the water flow and will enhance culminations in the river
valley.

3.4. Limiting the exposure to floods

An important element of the strategy to reduce the
flood risk is constraining development that is vulnerable
to floods. In the case of urban structures, the possibili-
ties in this respect are limited, but it is possible to restrict
the presence of objects particularly sensitive to floods
(e.g. hospitals, nurseries, and nursing homes) and to
introduce construction rules that render the buildings
resistant to flooding. The review of local spatial develop-
ment plans for the area of the town center, which has been
most affected by floods, does not indicate the existence of
restrictions on the functions of objects, and no adequate
building guidelines are provided. On the contrary, the plan
for the Elblag center (X/200/2003) approves the location
of such buildings as the hospital, the clinic and the nurs-
ing home for mentally handicapped children in the areas
directly adjacent to the Kumiela River. This was so even
if the names of these streets appeared in information on
all past floods.

3.5. Reducing vulnerability

In recent years, the city of Elblag has invested in flood
protection, including flood preparation, in various ways.
A flood monitoring system has been recently installed,
consisting of nine sensors on both the Elblag River and
the Kumiela River. Flood risk maps for the rivers Elblag,
Kumiela and Bobica were also commissioned for eight
probabilities of exceedance: 50%, 20%, 10%, 5%, 2%, 1%,
0.5%, and 0.2%. The aim of these activities was to prepare
an operational 24/7 flood forecasting system (Fig. 3) for
these areas, based on data from the local water monitoring
network and possibly on IMGW-PIB forecasts. However,
basing the forecast for a rapid flood on small watercourses
(with a culmination time of less than 2 hours) on water
level measurements may not be appropriate. It seems
that measuring rainfall stations and the use of a rainfall-
runoff model could be a better basis for event forecasting.
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Fig. 3. Output from the operational 24/7 flood forecasting system — Local Flood Risk Monitoring and Support System (LSMZP)

for the Municipality of Elblag

Perhaps a sufficient source of information for a rainfall-
runoff model would be data from the IMGW measuring
station located in the Kumiela River catchment.

However, the system failed some time before the flood,
so it did not provide any assistance during this incident.
Access to information about the system can be found
at http://185.157.80.212/.

Years ago, the city purchased an SMS notification system
for residents. However, the city has not managed to encour-
age residents to subscribe to this system, which would allow
them to be warned with the help of an SMS. Judging by the
statements of the authorities, only a small percentage of the
endangered people were involved in this system.

Judging by the press coverage, the City and the District
of Elblag try to prepare their services for floods. Train-
ing exercises in this area have been quite frequent, taking
place in 2009, 2015, and 2017. These exercises included
larger exercises for the District of Elblag, the training
of municipal services in the domain of flood prevention
including sandbag placement, and training of firefighters
and civil defense services.

However, there is no information about actions that
prompt residents or administrators of public facilities to pre-
pare themselves for floods. Despite the favorable situation,
no information can be found about the educational activities
of the city in this topical area, because the Regional Water
Management Board in Gdansk prepared many educational
materials and conducted many actions as a part of the flood
protection program for the low-lying Zutawy Region that is
partly located in a depression below sea level’.

Another problem is the apparent lack of prepara-
tion of homes and public facilities for the occurrence of

¥ cf.: www.zulawy.gda.pl

a flood. The existing system throughout Poland (not only
in Elblag) does not include measures to assist the owners
of endangered houses in preparing for floods, organizing
life and work in threatened areas, or improving security.
A prominent example is the placement of the hospital’s
power junction and the installation of dialysis units in
the cellars of a hospital located at Lizard Association St.
In fact, this area has already been inundated several times
in its history. The user of the facility, being extremely
vulnerable to flooding, was not really aware that the flood
hazard in this location is high. Similar weaknesses pertain
to a large number of educational institutions affected by
the flood. There are over twenty public facilities function-
ing in a small area. In any case, the proper arrangement
of the function of the premises inside buildings at risk
should lead to loss reduction. These examples illustrate
that the existing system needs further improvement.
The local governments need to increase their efforts to
show, remind and educate the local community about
places that are potentially endangered by floods so that
the people can act adequately in the case of a flood event.
Some of them try to improve their safety as much as they
can. This finding can be supported by an exemplary state-
ment of a user of an office space at Lizard Association St.,
published on the Info Elblag website: »I have no damage,
Jjust have to clean up. I worked in this place when the pre-
vious flood hit ten years ago. The flood was not as big as
it is now, but the damage to my office was much worse
because it was flooded all over. Now I have learned the
lesson and I knew what to do. I secured the door as well as

I could and it turned out that it passed the test«’.

S cf. https://info.elblag.pl/
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Fig. 4. Radar-based nowcast from 18 September 2017 at 02:00 UTC for 06:00 UTC (left) and associated flash flood hazard indicator
(right) for the Elblag region; estimation of the flash hazard level is based on the radar-based rainfall aggregated on a 1 km resolution
drainage network; the thresholds used for the different hazard levels depend on the regional climatic characteristics and the size

of the catchment defined upstream of each point of the drainage network; further information on the methodology is found at

www.ericha.eu (source: www.efas.eu).

The attempts of the local authorities to build local flood
warning systems, including the installation of their own
water monitoring stations and the development of hazard
maps for rivers that pose a flood threat to the city, are good
steps to reducing flood risk. Using forecasts from Euro-
pean scale systems such as EFAS that aim at providing
complementary information and medium-range forecasts
(Fig. 4) that could be used as a first, early call for attention,
in combination with the National Hydrometeorological
Service (IMGW-PIB) forecasts, could provide a good tool
for reducing the socio-economic impacts of the floods in
Elblag. However, this requires that a well-planned way
of informing the population is ensured so that people can
act accordingly. The SMS notification system introduced
in Elblag a few years ago has not proved to be effective
yet, because the local government did not find the key to
persuading the threatened population to subscribe to it and
to register. On the contrary, the head of the crisis manage-
ment of the city of Elblag issued a statement indicating
that they would welcome regulations that render entry of
the population into such a system mandatory.

4. Final remarks

Making projections of future changes in river flows
is a complex task, generating considerable uncertainty.
The projected increase in intensity and frequency of
extreme precipitation in the future, warmer, climate will
exacerbate inundation and flood risk. Piniewski et al.
(2017) analyzed projections of changes in high river flow
in the Vistula basin, based on results of the EURO-COR-
DEX experiment under RCP4.5 and RCP8.5 for two time
horizons: the near future (2021-2050) and the far future
(2071-2100). They found that increases in high flows
would dominate in the future. Mean increases in high

flows are from 14.4% (RCP4.5) to 21.0% (RCP8.5) in the
near future and from 23.3% (RCP4.5) to 36.7% (RCPS.5)
in the far future. This means that the projected increase in
high flows is likely to translate into a possible increase of
future flood hazard and flood risk. Hence, the present flood
risk reduction system is likely to be even less adequate for
the future.

In conclusion, events such as the September 2017
flood in Elblag illustrate some of the shortcomings of
the current flood risk management system in Poland. The
existing risk management strategy in Poland does not treat
losses caused in cities by heavy precipitation as a result
of floods, because such events are not floods according to
Polish law. On the other hand, the strategy implemented
by the national level is based mainly on traditional engi-
neering solutions. The analysis of 25 plans, programs and
strategies developed after a large flood in 1997 showed
that, apart from a few cases, these documents con-
cerned only technical measures (Konieczny et al. 20006).
This was confirmed by a similar analysis carried out on
several dozens of plans and programs almost seven years
later (KZGW 2013). It showed that out of 1455 activities
included in these plans, 1408 refer to flood risk reduction
by way of technical (structural) flood protection measures.
This can be regarded as a specific feature of the state of
consciousness in the countries of Central Europe, which
have recently changed the socio-economic system. Tradi-
tionally, structural solutions have been dominating in the
region, and solutions based on the use of natural features
have been downplayed (Louckova 2014). There is a con-
viction that responsibility for limiting the effects of floods
is mainly borne by the central administration and possibly
local authorities (Raska 2015).

Inevitably, this pattern of thinking about flood risk
reduction is transferred to the level of local authorities and
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individual citizens. The aforementioned analyses prepared
for the needs of flood risk management plans (KZGW
2013) clearly showed that, at the communal level (results
of surveys from over 850 municipalities in Poland), only
those activities that are required by law or are an element of
a certain tradition are practically implemented or planned
for implementation. The remaining flood risk reduction
measures are, in practice, almost absent in local activities.

This explains the rationale for the planned activities in
Elblag. After the September 2017 flood, the city authori-
ties in Elblag intend to build a water storage reservoir on
the Srebrny Stream (tributary to the Kumiela), regulate
subsequent sections of the Kumiela River, and introduce
the obligation to sign in to the SMS notification system.

In the social consciousness, the structural flood defense
strategy has become the norm of thinking about methods
to reduce the effects of floods. Unfortunately, this does not
always contribute to reducing flood damage either locally
or nationally. This situation considerably differs from
many other towns worldwide, where highly advanced
flood preparedness plans exist. For example, in Copenha-
gen, Rotterdam and Vancouver, there are detailed plans for
the preparation for inundations caused by extreme rainfall.
They are prepared not only with the intention of limiting
the effects of flooding, but also of locally collecting the
precious water. The objectives set by the city of Vancouver
are aimed at storing up to 90% of rainfall in the city in the
future (Rainwater Management Plan and Green Infrastruc-
ture Strategy’; Rotterdam Climate Change Adaptation
Strategy®; The City of Copenhagen Cloudburst Manage-
ment Plan”). There is an interesting integrated approach
to flood risk reduction in the city of Ingolstadt, Bavaria,
Germany, consisting of natural retention, technical pro-
tection (dikes and reservoirs) as well as a non-structural,
hydrological protection system'”.

In Poland, a certain optimism can be related to the cur-
rently implemented program Developing adaptation plans
for climate change in cities over 100000 residents, whose
aim is to work together with local self-governments. Some
doubts may arise related to the implementation of such
an extensive program in less than two years in as many
as 44 cities. However, regardless of program results, it is
valuable that the process of discussing climate change and
its impact on rain-caused inundations in cities has been
initiated at the local level.

" http://council.vancouver.ca/20160419/document0

¥ http://www.rotterdamclimateinitiative.nl/documents/2015-en-ouder/
Documenten/20121210 RAS EN _Ir versie 4.pdf

° http://en.klimatilpasning.dk/media/665626/cph_-_cloudburst_manage-
ment_plan.pdf

"% http://www.wwa-ingolstadt.bayern.de/hochwasser/index.htm
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