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1. About this document 

1.1. Objective 
The objective of this document is to provide an introductory material of the case study 

for the contributors to the Workshop on Selected Problems in Environmental Risk 
Management and Emerging Threats. The document introduces the Vistula river Plains 
(Żuławy Wiślane, Żuławy), a geographical region in Northern Poland highly exposed to 
floods and hosting different and interdependent infrastructures.  

The intention is that the contributors to the Workshop will use this introduction 
together with more detailed information provided by problem stakeholders during the 
workshop while presenting applications of their own methods and tools. It is also intended 
that the case study of Vistula Plains will be used to provide common reference and to focus 
discussions during the Workshop. 

Early version of the document was distributed to the participants a month in advance 
before the date of the workshop. This will give a chance to all participants to contribute to the 
document, especially in reltation to the parts describing the infrastructures (water, electricity, 
oil) and the risks related to this region. 

1.2. Scope 
The document has four logical components.  

The first introduces Żuławy, its gographical location, historical background and 
present administration. 

The second characterizes the assets of Żuławy to help the readers to assess possible 
consequences of threats. 

The third characterizes in general the infrastructures present in Żuławy. 

The fourth brings into the reader’s attention some risks associated with the Żuławy 
region, in particular related to its very high vulnerability to flood. 

1.3. History of development 
Version Contributors 
1.0 J. Górski, A. Jarzębowicz, J. Miler 
1.1 A. Jarzębowicz, E. Łowiec, J. Miler  
1.2 A. Jarzębowicz 
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2. Vistula Plains – an introduction 
Vistula Plains (Żuławy Wiślane, Żuławy) are situated in the Vistula Delta, in the 

Northern Poland. The total area of Żuławy is about 150 000 ha. About 30% of Żuławy is 
below the sea level, the lowest point is -1.8 meters.  The area would be flooded if not drained 
by constant work of pump stations. Żuławy abounds in arable and grazing land, which is the 
richest in Poland. There are practically no forests. The main industry is limited to food 
processing, however e.g. also Gdańsk Refinery is located in Żuławy [1] 

Żuławy Wiślane are approximately only 2% of total area of Poland, but are important 
for many economic, social and environmental reasons. It is also a very unique region simply 
because of the fact that its existence is so dependent on human efforts - Żuławy are described 
as antropogenic region i.e. created not only by nature but mainly by men [2]. 

Water management plays a major role in Żuławy. The whole area is criss-crossed by 
drainage ditches, and pump-drained canals, which carry water to 105 pump stations, thus 
maintaining the appropriate level of ground water. The land is crossed by the Vistula (the 
biggest river in Poland), its delta river arms (Nogat, Szkarpawa, Martwa Wisła) and other 
natural water courses. These rivers (mainly the Vistula), together with sea waters, cause a 
considerable flood hazard to entire Żuławy, due to storm water lifting and ice-jamming. 
Moreover, apart from farmlands, the cities of Gdańsk, Elbląg and many other human 
agglomerations are in grave danger of flooding [1]. 

Żuławy were created by accumulation of the coarse-grained solid material carried by 
Vistula river in the southern part of Gdańsk Bay. Gdańsk Bay is the part of Baltic Sea located 
between Polish and Russian (Kaliningrad region) coast. The accumulation started about 5000 
years ago - very recently speaking in geological categories. Since then, the expansion of 
Vistula’s alluvial fan proceeded in unbalanced way as the river splitted in several arms, which 
frequently changed their stream beds and differed in the speed of material accumulation. The 
process lasted till the end of 19th century, when the new stream bed was dug for Vistula, 
directing the river current to Gdańsk Bay near Świbno (this significant engineering enterprise 
was nota bene aimed at minimising the risk of flood). As a result, the described process of 
material accumulation in Żuławy was stopped [3]. 

Written history of the area starts in early Middle Ages when Polish colonization of the 
boggy Vistula delta was obstructed by local pagan tribes of Prussians. Eventually, one of the 
feudal lords called for assistance from a German order of the Teutonic Knights, expelled from 
Transylvania after being removed from the Holy Land. After the crusade and subsequent 
extermination of Prussians, there was a disagreement over the conquered land, followed by 
trials and wars (complicated by Polish alliance with Lithuanians - the last pagans in Europe). 
Meanwhile, the Order organized it's own economy - German peasants were successfully 
settled and a modern base of taxes was instituted, in place of standard feudal slave duties. In 
the Middle Ages the area of Żuławy was not densely populated because of the difficult 
conditions of living in the wetlands and the threat of flooding. In this period the first program 
of melioration and draining was started. The settlers from the Netherlands and Germany 
participated in such initial stage of  Żuławy transformation.  

The experience of settlers who had to deal with similar problems in their homeland 
was essential and appreciated by the rulers. After the final collapse of the Knights in 16th 
century, the king of Poland, where religious freedom was guaranteed, settled the remaining 
fens with Dutch Mennonites persecuted in the Netherlands for religious reasons. They 
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developed high agriculture in spite of wars, floods and plagues. They also built a system of 
channels, locks, and pumps making the agriculture possible and protecting the area from 
flooding. The typical solution applied was a so called polder - an area surrounded by retaining 
walls and drained by pumps. In these times, the pumps were powered by windmills.  

In the 19th century, after the partition of Poland, the main part of the delta was annexed 
to Germany until 1945, when Stalin, with American assistance drew a new map of eastern 
Europe. Escaping in panic, the Nazis destroyed the drainage system which resulted in 
flooding the polders. The destroyed drainage system had to be rebuilt by Polish authorities 
after the war, which took several years, but thanks to the control of water levels, Żuławy is 
currently one of the most effective and prospering Polish agricultural regions [4]. 

3. Location 
Żuławy Wiślane is the geographical region in northern Poland, by the Baltic Sea (Fig. 

1). It is a part of Pomeranian Coast where the Vistula Delta is situated (Fig. 2). The borders of 
Żuławy are clearly designated by natural shape of the land. It is a plain land restricted from 
the west by Cashubian Lakeland, from the east by the border of 100 meter high Elbląg 
Plateau, in the north separated from Gdańsk Bay by the zone of dunes and Vistula Spit. The 
north-east of Żuławy reaches Vistula Lagoon.  

The general shape of Żuławy resembles a reversed triangle of area of 2515 square km 
(width 50 km, height 60 km). The highest point (11 meters above mean sea level - AMSL) is 
situated in the location where Vistula river splits into two arms: Leniwka and Nogat. The 
significant part of Żuławy (460 square km) are depression areas located mainly in its northern 
and eastern part.   

Żuławy can be divided into 3 main parts [5] (see Fig. 3): 

• Żuławy Gdańskie - located between Cashubian Lakeland and left bank 
of Nogat river; 

• Żuławy Malborskie (Żuławy Wielkie) - situated between two arms of 
Vistula: Nogat and Leniwka; 

• Żuławy Elbląskie - situated east of Leniwka, restricted by Elbląg 
Plateau. 

. 
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Fig. 1. Location of Poland in Europe [5] 

 

 
Fig. 2. Location of Żuławy in Poland [5] 
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Fig. 3. Topographic map of Żuławy [5] 

 

4. Administration 
Most of the Żuławy plain is situated in Pomeranian Voivodeship (voivodeships are the 

main units of Poland’s administrative division), with the eastern end located in Warmian-
Masurian Voivodeship. 

The present administrative division was established in 1999. The situation of Żuławy 
changed after it was divided between two voivodeships. The multiple centres of authority 
make it more difficult to monitor the situation of Żuławy region and to deal with the threat of 
flooding. To address this problem, a dedicated post of government’s representative for 
Żuławy was created. The task of the representative was to coordinate activities related to 
water management in Żuławy. This solution did not work well - the representative had to 
cooperate with the governors of both voivodeships and the decisions had to be approved by 
regional parliaments of both voivodeships which resulted in obvious problems to reach the 
consensus of all four bodies. Despite many initiatives by representative’s bureau, the 
proposed development strategy for Żuławy (including the issues of water management) was 
not formally approved and the post of government representative was cancelled in 2002 [6]. 

Currently, on behalf of the State Treasury, the Żuławy water management system is 
run by the Regional Land Melioration and Water Structures Boards in Gdańsk (Pomeranian 
Voivodeship) and in Olsztyn (Warmian-Masurian Voivodeship), by the Regional Water 
Management Board in Gdańsk (an institution being an independent element of government 
administration, answerable to the Minister of Environmental Protection) and, only to some 
extent (the Elbląg river), by the Municipal Office in Gdynia (answerable to the Minister of 
Infrastructure). All these institutions complement each other in their efforts in managing the 
water economy of Żuławy. 
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In July 2001 and in early 2002, many years of neglecting the flood control systems 
caused flood damage estimated at a sum surmounting 500 million PLN (counting only the 
damage in the Pomeranian and Warmian regions). Potential damage might be considerably 
greater if adequate measures are not taken to allocate more money for strategic construction 
projects and maintenance of the existing water structures and the basic drainage and inland 
surface water installations in this area.  

The budget funds at the disposal of the heads of regional parliaments (Marszałek) as 
part of commissioned governmental projects and those controlled by the Minister of the 
Environmental Protection are absolutely inadequate to the needs of the region. Recently, those 
resources hardly sufficed to satisfy the minimum needs to finance protection of Żuławy (over 
10%), while they covered only one-third of the maintenance costs. 

Experts ring the warning bells, saying that wet years usually follow dry ones. 
Moreover, global atmospheric changes cause extreme climatic phenomena (see: the rainfalls 
in the summer of 2001, the heavy snowfalls at the turn of 2002 and the sudden warming) [7].  

 
Fig. 4. Location of Pomeranian Voivodeship [5] 
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Fig 5. Administrative division od Pomeranian Voivodeship (counties) 

5. Geography/geology 
Żuławy is the alluvial delta area of Vistula, in large part reclaimed artificially by 

means of dykes, pumps, channels (over 17000 km of total length) and extensive drainage 
system. It is a forestless agricultural plain, which falls from a base situated near Biala Gora 
where Vistula branches, from a height of just over 10 m., a.s.l. to -1.8 m. b.s.l., in the north 
and particularly north-east, forming a depression (28% of the area). The areas between 0 and 
5 m a.s.l. are most common (47%), while areas above 5 m a.s.l. are 25% of the whole. The 
highest points of the terrain are only 14.6 and 11.4 m a.s.l. 

Żuławy Wiślane are built of loam, sand and peat. A good quality soil is available in 
large portions of the area: alluvial soil (of various coarseness of grain) and peat soil. Efficient 
soil and complex drainage system constitute the basis for well-developed agriculture. The 
positive factor is also the fact that the area of Żuławy is almost forestless and larger cities are 
located mostly on its borders. Farming features wheat, oats, colza, corn, white beets, cabbage 
and stockbreeding. 

Surface waters in Żuławy Wiślane in most cases lost their natural properties due to the 
long lasting human intervention. The characteristic feature is that the river level is similar to 
the sea level and its changes along with river flow are minimal. All rivers and streams are 
actually channels whose levels are regulated in artificial way. The main river of Żuławy is 
Vistula which divides it into 3 parts: Żuławy Gdańskie, Żuławy Malborskie and Żuławy 
Elbląskie, each having a separate hydrographic system.  
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6. Assets 

6.1. Nature 
Almost the whole region of Żuławy Gdańskie (the western part of Żuławy Wiślane) is 

considered the Landscape Conservation Area, except north-west part occupied by industrial 
complexes and urban districts of Gdańsk. The main value of the landscape is the complex 
hydrological network and unique terrains created from Vistula’s alluvial material. Other 
preserved landscape elements include various plants usually accompanying streams, oxbow 
lakes, canals etc [8]. 

The Vistula Spit (Mierzeja Wiślana) is a natural phenomenon - a sandbar peninsula 
created over the past 5000 years from sand carried by sea currents. The highest dune, Camel’s 
Hump (Wielbłądzi Grzbiet), can be seen to the East of Krynica Morska, the most famous 
tourist spot of this region. The Vistula Lagoon (Zalew Wiślany) is an unusual body of water, 
with both the features of a lake and a sea bay, and is 90km in length. One of the attractions 
here is the cormorant reserve at Kąty Rybackie. The region around the Vistula is full of wild 
nature. There are very many species of birds to see in the reserve: seagulls and birds of 
paradise nearby on the Gdańsk Island of Sobieszewo [9].  

6.2. Population 
A number of urban centres are situated within the area of Żuławy or on its borders. 

Their population and exact localisation are shown in Table 1 and Fig. 6. The general 
population density is shown in Fig. 7. 
 

Coat of arms City Population
(2008) 

 Gdańsk 455 717 

 Elbląg 126 460 

 Tczew 60 231 

 Malbork 38 132 

 Pruszcz Gdański 25 341 

 Nowy Dwór Gdański 9 982 

 Sztum 9 852 

Table 1. Main cities of Pomeranian Voivedeship [10] 
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Fig. 6. Main towns and administration areas of Pomeranian Voivodeship.  

 



Version 1.2 ERM Introductory Case Study    2009.09.01 

PNRF-290-A II-2/08  Strona 11 
 

Fig. 7. Population density in Pomeranian Voivodeship [11]. 

6.3. Culture 
Żuławy contains many monuments and traces of mennonites, the settlers from the 

Netherlands who conducted the transformation of the land to allow the development of 
agriculture. This includes old hydrotechnical infrastructure and devices (e.g. bridges, locks, 
canals) as well as architectural monuments (e.g. characteristic arcade houses encountered 
almost only in this region of Poland) [12]. 

 
Fig. 8. [13] 

 

Another monument is Stutthof Concentration Camp & Stutthof National Museum. 
Stutthof was the first concentration camp built by the Nazi Germany regime outside of 
Germany. Set up on September 2, 1939, it was located in a secluded, wet, and wooded area 
west of the small town of Sztutowo (German: Stutthof). The town is located in the former 
territory of the Free City of Danzig, 34 km east of Gdańsk, Poland. Stutthof was the last camp 
liberated by the Allies, on May 9, 1945. More than 85,000 victims died in the camp out of as 
many as 110,000 people deported there. 

Żuławy features also the narrow-gauge railways which history goes back to the end of 
the 19th century. Restored in 2003, the regular passenger connections from Nowy Dwór 
Gdański to Stegna Gdańska and from the right bank of the Vistula river to Sztutowo and 
Nowy Dwór Gdański – Ostaszewo have given back to the inhabitants one of the elements of 
an old tradition and have guaranteed tourists a ride to the local beaches. While fulfilling the 
role of a transport system, the train has also become an interesting tourist attraction [14]. 

6.4. Economy 
The Gdańsk Refinery is an oil refinery located in Gdansk and owned by the Lotos 

Group. Gdańsk Refinery, which is the second largest in Poland, refines in excess of six 
million tons of crude oil a year. The refinery has three units – a fuel block processing six 
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million tons of petroleum a year, an oil block that manufactures 250,000t of lubricant oil a 
year and a hydrocracking complex to process heavy oil fractions. The refinery obtains 
supplies of crude oil from a terminal in the Northern Port of Gdańsk and also the Przyjazn 
(Friendship) pipeline [14], [15]. 
 

 
Fig. 9. Gdansk Rafinery [16] 

6.5. Agriculture 
The agriculture of Żuławy is mainly focused on wheat, sugar beets, plants grown for 

fodder and on cattle.  

7. Infrastructures 
The network of urban centres of the region is visualised in Fig. 10.  
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Fig. 10. Population density and urban areas [18]. 
 
The information on the Pomeranian Voivodship’s infrastructure protecting from flooding: 

• total length of rivers and canals is 5,608.7 km; 
• retaining walls have the total length of 649.9 km, including the walls of Vistula having 

146.7 km; 
• the area protected by the retaining walls is 140944 ha; 
• rivers and canals have 103 dams and weirs used to raise the level of river/stream; 
• the voivodeship owns 96 pumping stations; 
• the area of drained land is 113128 ha; 
• in the voivodeship there are two large dams: in the Gdańsk Refinery water tank and in 

Żarnowiec hydroelectricity station (Żarnowiec is outside the Zuławy Wiślane area) 
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Fig. 11. Flooding threats [18]. 
 

Pomeranian Voivodeship is the area crossed by many transport routes including road, 
train, air transportation and pipelines. The transported goods include dangerous substances 
(e.g. chemicals) which should be taken into consideration when analysing environmental 
risks. 
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Fig. 12. Main transportation routes in Pomeranian Voivodeship [18]. 
 

The infrastructure protecting from flooding is currently the subject of the project 
supervised by Regionalny Zarząd Gospodarki Wodnej. The scope of the project (the yellow 
area) is shown in Fig. 13. 

 According to the information possessed by Instytut Elektrotechniki, there are no 
known systems using electrical energy in protection from flood. Although pump stations 
(which are powered by electrical infrastructure) have some influence on the water level within 
the drained area (polder), such influence is of a rather limited scope. In case of extreme 
danger (e.g. rise of water level in rivers and streams due to rise of sea level and intensive 
rainfalls) it is even recommended that pumping should be stopped in such case. Too big 
difference in water levels caused by intensive pumping can compromise the stability of 
retaining walls. In practice, the pumping station can only lessen the results of heavy (but 
short) rainfalls or fast melting of snow. As mentioned, pumping stations are powered by local 
electrical infrastructure, in case of some key, most important pumping stations, double 
powering is used (powering from two separate lines) which reduces the risk of power failure.  
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Fig. 13. Żuławy project scope 
 

8. Risks 

8.1. Flood 
The location of Żuławy Wiślane within or near depression grounds results in 

extremely high level of risk of flood. The flood caused by Vistula river poses a threat to entire 
area of Żuławy while the flood by sea water threatens northern part of the region. In addition, 
some local flood threats of Motława and Radunia rivers have been identified [19]. 

The written history of Żuławy mentions nearly 150 floods in about 600 years [20].  

The institution responsible for flooding protection is the Ministry of the Environment. 
Regionalny Zarząd Gospodarki Wodnej in Gdańsk manages the protection infrastructure. The 
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main initiative that can have significant meaning for improving the safety of the region is the 
project „Kompleksowe zabezpieczenie Żuław”. The aim of the project is the reduction of 
flooding risk for Żuławy by rebuilding and improving the flooding protection system. The 
project is a part of Operational Programme „Infrastructure and Environment”, axis III: 
Management of resources and protection from environmental threats”, activity 3.1: Retention 
of water and flooding safety. The estimated cost of the project is 539,08 mln PLN, the 
schedule is planned for the period 2009-2015 [19].  

It is vital that the retardation, which is the legacy of the previous years, must be done 
away with. The present condition of the water structures in Żuławy does not protect even 
from flooding or ground waterlogging, which might cause a calamity in which people, 
economy and nature might bear incalculable losses, and Żuławy might practically get erased 
from the map of Poland, thereby from the map of Europe as well. A long-term strategic 
programme that will create favourable conditions for embarking on projects aiming to make 
up for the years of neglect and avoiding losses is a great chance for Żuławy. Consistent 
implementation of the programme will cause that on its completion the need for financial 
resources to be spent on water management construction projects in Żuławy will substantially 
decrease [22]. 

8.2. Chemical pollution 
The register of potential sources of serious chemical accidents in Pomeranian 

Voivodeship includes 40 factories. Among them, 14 is classified as of high risk, 15 of major 
risk and 11 of minor risk. Most of potential accident sources are large factories e.g.: 

• „International Paper” in Kwidzyn – celulose and papermaking factory (chlorines, 
bases, acids and others); 

• „Polpharma” in Starogard Gdański - pharmaceutical company (chlorines, acids, 
solvents and others);  

• „Fosfory” in Gdańsk – mineral fertilizers factory (sulfur and phosphorus acids); 

• „Polifarb” in Gdynia – paint production factory (solvents); 

• „Gdańsk Refinery” (petroleum and related products); 

• transit stations of fuels and petroleum products, liguid gas;  

• port terminals 

 

The sources of chemical threats are depicted in Fig. 14. 
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Fig. 14. Potential sources of chemical risks [23]. 
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