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Abstract: The 1997 flood in the international Odra/Oder Basin in Czech Republic, Poland, and Germany was an extreme event, of exceptional consequences, including over 100 fatalities (in Czech Republic and Poland) and material damage in all three riparian countries in the range of billions of US dollars. The scale of the flood in Poland exceeded imagination about the possible size of the disaster. During the flood, historic maxima of river stage and flow rate were considerably exceeded and the return period in some river cross-sections was of the order of a thousand years and more. Therefore the 1997 flood continues to be used as a reference when discussing flood risk and flood preparedness in Poland, a dynamically developing country-in-transition. Evaluation of the flood protection system during the 1997 flood and lessons learnt is proposed. Developments in flood protection achieved within the ten years since the flood are reviewed. The context of the newly introduced Floods Directive of the European Union is discussed. 
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1. INTRODUCTION
The flood on the River Odra (name in Czech and Polish languages) / Oder (in German) and its tributaries in July 1997 had international dimension. It hit three riparian countries in Central Europe – Czech Republic, Poland, and Germany, causing 110 fatalities in the first two countries and large material losses in all three. In Poland, the July 1997 flood covered large areas (Fig. 1); not only in the Odra drainage basin, but also in many communities in the catchment of the largest Polish river - the Vistula and its tributaries. Poland is a country in transition from centralized, planned economy and communist political system to market economy and democracy, and the July 1997 flood was the first catastrophic event after systemic transformation in 1989. The present article provides synthetic information on this (by far) largest flood in the history of observations in Poland, examines lessons learnt and lists the improvements in the flood preparedness system achieved since the flood.
The flood in July 1997 was very violent and destructive in the upstream reaches of the Odra and its tributaries, due to the rapid dynamics of the process and a very short time lag between precipitation and discharge maximum. In downstream reaches, when masses of water propagated in the river, inundations were very large, but less violent.
2. ODRA/ODER flood of july 1997 in a nutshell

2.1 Meteorological background
In the second half of June 1997, abundant precipitation filled the natural storage and saturated the soil in the Odra/Oder drainage basin. From the 4th to the 10th of July, a quasi-stationary configuration developed, covering the catchment area of the Upper Odra and its tributaries, with a front dividing humid air masses of different temperatures. Extremally high precipitation was observed over a large area. For example, on the river Ostravice in Šance (Czech Republic), the precipitation total within the five days, from 4 to 8 July, amounted to 616 mm, i.e. over four times higher (423%) that the average long-term monthly precipitation total in the whole month of July. The heavy and long-lasting rains in the beginning of July caused destructive flooding. Yet, a few days later, another train of intensive rains occurred, on 17-22 July, and later – also a third wet spell, basically in the drainage basin of the river Vistula. 
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Figure 1: Map of inundated areas during the 1997 flood in Poland, by communities 
(After: Office of Head of Civil Defence in Poland)

2.2 Three stages of flood

One could distinguish three stages of the 1997 flood in Poland. The first stage was characterized by a fast runoff increase after the intensive rainfall in the Upper Odra and its highland tributaries. This flood was very dynamic and destructive, as the water level rose by four meters in 12 hours. The flood struck the town of Kłodzko (31 000 inhabitants) located at the river Nysa Kłodzka, tributary to the Odra. The town was virtually ruined, with several casualties and the destruction of numerous houses.
In the second stage, a huge flood wave which was already in the river channel of the Odra, propagated downstream to inundate towns located upon the river. Due to the size of the wave it was not possible to avoid inundation of towns, yet, thanks to the time lag, some preparation could be made. After inundation of Racibórz (65 000 inhabitants), the flood devastated further large towns located downstream, such as Opole (131 000) and Wrocław (700 000). The flood protection system of Wrocław was designed for a flow rate of 2400 m3 s-1, but the peak flow rate in July 1997 was higher nearly by half. The peak of the flood wave flattened while travelling downstream, so that the return period of the maximum discharge was decreasing with distance (Fig. 2).
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Figure 2: Stage hydrographs on the Odra and its tributaries

(from MKOOpZ (1999); data for 6 or 8 a.m.: source: CHMU, IMGW, WSA Eberswalde)
Finally, in the third stage, high water reached the Polish-German boundary stretch and the Lower Odra. There was more time for preparation, such as heightening and strengthening of embankments. The efforts to save towns and land were largely successful on the Polish side. In Słubice, a town on the Odra in Poland, opposite to Frankfurt/Oder, saved by a massive defence, dikes were heightened by 1.2 to 1.5 m. On the German side several breaches of embankments and significant material losses were recorded.
Figure 2 illustrates existence of two steep and pronounced peaks on the Upper Odra and its tributaries. There were two waves of precipitation and two peaks of the flood wave in the upstream reaches. When moving downstreams along the river, the flood wave became smoother and after some distance – unimodal. Some gauge records in Fig. 2 are broken and this illustrates the lack of data, since the water stage gauge were damaged.

There have been many floods in historic times in the Odra, both summer rain-caused floods and winter floods. Floods usually occurred either in the Upper and Middle Odra (e. g. 1813, 1854, 1903, 1977 and 1985) or in the Lower Odra (1855, 1940). Floods covering the whole length of the river have been more rare and usually very dramatic. The flood in the summer of 1997 was an extreme one in this category.
The 1997 flood exceeded several all-time maximum stages and discharges (Table 1). For example, in Racibórz-Miedonia, the record stage of 838 cm and the record discharge of 1630 m3 s-1 of 1985 were broken by much higher values of 1045 cm and 3260 m3 s-1, respectively, in 1997. In Opole, at the Odra, water level outstripped the absolute historic maximum by 173 cm (777 cm in 1997, as compared to 604 cm in 1813 and 584 cm in 1985) and the peak flow reached 3500 m3 s-1. On the River Nysa Kłodzka at Kłodzko, the historic stage record was exceeded by 70 cm. The flood of 1997 devastated the town. Other flood disasters have also occurred in this town throughout history. For example, in July 1310, a large flood hit Kłodzko, inundating suburbs and killing between 1500 and 2000 people. 
Table 1: Comparison of stage levels [in cm] for several gauges on the Odra

with the pre-1997 record and the alarm level (Source: MKOOpZ, 1999)
	Cross-section

(1)
	Alarm level

(2)
	Pre-1997 record level

(3)
	Maximum level in 1997

(4)
	Maximum level in 1997 minus alarm level

(4) - (2)
	Maximum level in 1997 minus pre-1997 record level

(4) – (3)

	Odry
	260
	317
	387
	127
	70

	Svinov
	230
	433
	820
	590
	387

	Bohumin
	500
	556
	660
	160
	104

	Chalupki
	420
	675
	705
	285
	30

	Miedonia
	600
	838
	1045
	445
	207

	Krapkowice
	450
	811
	1032
	582
	221

	Opole
	400
	604
	777
	377
	173

	Brzeg Most
	380
	658
	730
	350
	72

	Brzeg Dolny
	530
	946
	970
	416
	24

	Scinawa
	400
	657
	732
	332
	75

	Cigacice
	400
	649
	682
	282
	33

	Mietkow
	400
	700
	667
	267
	-33

	Slubice
	370
	634
	637
	267
	3

	Frankfurt
	600
	635
	657
	57
	22

	Widuchowa
	620
	783
	760
	140
	-23


The flood of 1997 lasted long, as the wave travelled slowly downstream (Fig. 2). The alarm levels were exceeded uninterruptedly during several weeks. The exceedance of the historic absolute maximum water levels lasted from 4 to 7 days at the upper Odra to about 16 days in Połęcko. 

The nation-wide toll for the floods on the Odra, Vistula, and their tributaries in Poland, in July 1997 was an all-time high as far as economic losses are concerned. The estimates of material losses after Munich Re Group (2007) amount to 3205 billion Euro (as compared to 2020 billion Euro for the Czech Republic and 330 million Euro for Germany), indicating that the costs were of much significance to the national economies. The number of fatalities in Poland reached 54. The number of flooded towns and villages was 2592. The number of evacuees was 162 000. Around 665 000 ha of land were flooded, of which over 450 000 ha of agricultural fields. More detailed information can be found in Kundzewicz et al. (1999). 
3. LESSONS LEARNT

The flood of 1997 was the most extreme event on record, both in hydrological terms (peak stage, flow, inundated area) and in economic terms (material losses). It was an effect of exceptionally intensive precipitation covering a large area. This very rare hydrological event was superimposed on a complex, and dynamically changing, socio-economic system of a country-in-transition.

In the light of objective hydrological data on precipitation and river discharge, it is clear that the disaster could not have been avoided. The flood magnitude was exceptionally high. For example, the all-time river discharge record was doubled in Racibórz-Miedonia.

A flood protection system in the drainage basin consists of embankments, weirs, reservoirs (including dry flood protection reservoirs) and relief channels at the Odra and its tributaries, and a system of polders. The structural flood defenses, most notably – dikes, protecting towns and settlements upon the Odra and its tributaries and also vast areas of agricultural land, proved to be dramatically inadequate for such a rare flood. Flood defenses, designed for smaller, more common floods, fail when exposed to a much higher pressure in July 1997.

Organisation was also a weak point, especially in the beginning of the flood, even when the extraordinary scale of event and the effect of shock are considered. Legislation was inadequate – to large extent it was due to system transformation. For example, there were uncertainties related to financial aspects of the flood action (e.g., supply, services, and repairs) and division of responsibilities and competence. As a result, regional and local authorities were uncertain as to their share in the decision making (with financial implications). 

The flood led to identification of hot-spots and problem areas, with large damage potential on flood plains or risk-prone areas (NIK, 1998). It became clear that zoning – control of developing flood plains – should be implemented more strictly than it used to be in the past. Also the issue of protection of some (less valuable) areas was re-considered, in the context of what to protect / what not to protect. Areas of high material, cultural, historical, and social value should be better protected. The problem of decrease of natural storage was recognized and the possibility of using retention in the river mouth areas of tributaries to the Odra was re-considered. For example, the Warta mouth provided 480 million m3 of additional storage.
The upsides were: accelerated awareness raising and generation of national solidarity. Involvement of local authorities can be regarded as a positive development. A broader societal discussion was initiated. The saving of towns and land during the third stage of the flood, the protection of the Lower Odra was a real success story. The impression of disorder (e.g. population taken by surprise in Kłodzko at Nysa Kłodzka, where the flood was violent and destructive), gradually decreased with the development of flood. Strengthening of defenses (by using sandbags and geo-textiles on the water side of the dike) made it possible to save Słubice (Polish town on the Odra, opposite to Frankfurt/Oder, which was during the flood peak in a 4.5-6.5 m depression (Kowalczak and Słota, 1998).
The event made the broad public aware of how dangerous and destructive a flood can be. It also demonstrated the weaker and stronger points of the flood defence and helped identify the most pressing needs for improvements (IMGW, 1997, NIK, 1998). Indeed, every link in the chain of operational flood management was found to be in the need of strengthening. 

The flood forced the society, and decision-makers, to set priorities. These included building local flood warning systems; flood damage risk reduction; improvement of the flood forecasting system; improving legislation; increasing of the natural storage (especially in upper and middle and tributaries); and technical flood protection measures – reservoir operation.
In result of the 1997 flood, the ruling paradigm has been increasingly challenged: from absolute flood protection to flood risk management. Floods are normal, recurrent, events, which occur naturally in irregular intervals. Yet, even if floods cannot be avoided, one should minimize flood damage. 

An important aspect related to the flood was the political situation in Poland and, in particular, the perspective of forthcoming parliamentary elections. Flood-related information was used (and sometimes – abused) as weapons in political campaigns. The issue of the role of media arose, partly related to the political context. 

The rescue operation during and after the flood was the biggest civil and military operation in Poland since World War II. The numbers of engaged firemen, soldiers and policemen were 25 000, 45 000 and 10 000, respectively, while more than 100 000 civilians and volunteers were also directly involved in flood mitigation.
4. ARE WE BETTER PREPARED?

After the 1997 flood ambitious plans of overhauling the flood preparedness system were made and part of these plans have been already implemented.

Various elements of the flood preparedness system have been overhauled and upgraded. This refers to works on the technical infrastructure: reconstruction and modernization of levees; reconstruction of dams; upgrade of regulation elements and water structures; and improving conveyance. 
Among the actions to enhance the natural storage according to the motto “create room for the river” a village, Pilce, in Kłodzko Valley was relocated, at the cost of appr. 3 million Euro, resulting in recovering of additional flood plain area of 400 ha. Broadening of river channel was implemented by shifting levees at 319-326 river kilometers, between Domaszków and Tarchalice. 
Additional artificial storage area in the Odra basin was created by construction of the polder Buków on the Odra (50,0 million m3), two reservoirs on the Nysa Kłodzka (Topola and Kozielno, with capacities of 23,5 and 15 million m3, respectively, and one reservoir on the Czerwonka stream (14 million m3). On two existing reservoirs on the Nysa Kłodzka (Otmuchów and Nysa), the flood reserve has been increased by 70 million m3. Considerable funds have been spent on preparatory works on two reservoirs, namely Racibórz on the Odra and Wielowieś Klasztorna on the Prosna. However, construction of these reservoirs has not started yet, due to inadequate funding.

New system of warnings was set in place, and the forecast lead time grew from 6 to 48 and – in some towns downstreams – even to 72 hours. Failure of the monitoring system during the 1997 flood led to upgrade of the monitoring system, enabling “indestructible” monitoring.

Modernization of the hydrometeorological service has been achieved, including organization, hardware (e.g. system of meteorological radars and supercomputer), and software.
A broader discussion was initiated after the flood, at various levels. Awareness raising campaign (schools, local authorities) led to considerable capacity building. 
5. Floods directive
In response to a number of recent destructive inundations in Europe, such as the summer floods in 1997 and 2002, the EU Floods Directive (CEC, 2006) was adopted. The Directive will play a comparable role to the WFD as a policy tool. It will provide the legislative foundation for flood protection and mitigation in Europe. Since several large river basins in Europe, such as the Odra/Oder extend over several countries, the directive will help to orient and broaden flood management efforts beyond the municipal and state authorities to the national and international levels and establish an improved and more cost-effective flood protection scheme.

The Floods Directive aims to help EU nations to improve flood protection over Europe, and to chose the right tools with which to reduce the likelihood of floods and limit their impacts.

The Directive states that EU Member States shall, for each river basin district or the portion of an international river basin district lying within their territory, undertake:

· Preliminary flood risk assessment (a map of the river basin; description of past floods; description of flooding processes and their sensitivity to change; description of development plans; assessment of the likelihood of future floods based on hydrological data, types of floods and the projected impact of climate change and land use trends; forecast of estimated consequences of future floods). 

·  Preparation of flood maps and indicative flood damage maps, for the river basins, sub-basins and stretches of coastline, covering the geographical areas which could be flooded with a high probability (likely return period, on average once in every 10 years); with a medium probability (likely return period, once in every 100 years), and with a low probability (extreme events). 

·  Preparation and implementation of flood risk management plans, aimed at achieving the required levels of protection.

It is expected that implementation of the Directive, the most advanced legislation worldwide in the area of flood protection and flood preparedness, would considerably reduce the flood risk throughout the continent.
Since Poland is a member country of the EU since 1 May 2004, implementation of the Directive is obligatory and deadline (2015) has been set.

6. CONcluding remarks

Tenth anniversary of the destructive 1997 flood in Poland is a good opportunity to re-examine this dramatic event and to review the lessons learnt and the progress in flood preparedness achieved since the flood. Considerable investments have been made in Poland to strengthen the flood preparedness system. The funding planned to be spent on improvement the flood preparedness system of the Odra basin in 2000-2010 amounted to 1008.7 million Euro. The amount actually spent in 2000-2006 was 360.7 million Euro. The EU Floods Directive, a binding document, will undoubtedly help the nation in further improvements of flood protection and flood preparedness.
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