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1. Introduction





1.1 The Netherlands and water management



Owing to its location in the low-lying delta of the great rivers Rhine, Meuse and Scheldt the Netherlands has a history closely connected to its perpetual struggle with water. The rivers have many functions. The most important are water supply, and the discharge of water, sediment and ice. Safe discharge of flood water comes first. Additionally, river flow is used to reduce salt intrusion from the sea and for groundwater control in the low-lying West, thereby safeguarding against the settlement of peaty soils. The rivers form major European waterways, and are a source of drinking water and cooling water for the industry. The rivers and flood plains have valuable functions for nature restoration, recreation and agriculture.
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[FIGURE 1 Rivers in The Netherlands]



The formalized organisation of surface water management in The Netherlands is in existence since the Middle Ages. On a regional scale Waterboards have been formed, which laid the foundations for our democracy today. Today, the responsibility for the large waters lies with the Ministry of Transport, Public Works and Water Management. Waterboards are in charge of regional and local water systems. Also other government bodies play a role, for instance Provinces and Local Communities about population and infrastructure. Within the Ministry of Transport, Public Works and Water Management, the Directorate Rijkswaterstaat is in charge of water management. Operational management of the most important water systems, which have the status of national waters, is carried out by Regional Divisions. Specialized scientific-technological Divisions are in charge of strategic research, policy preparation and advisory work. The Institute of Inland Water Management and Waste Water Treatment RIZA is a Specialized Division, which is in charge of integrated water management. It also has operational tasks like information supply, including daily forecasts of inland water levels.





1.2 Major floods and droughts in the last decades



The vulnerability of the Netherlands for flooding is illustrated in Figure 2. If the Netherlands would be without dikes, about 65% of the country would be flooded.
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[FIGURE 2 Area protected from flooding]



After the disaster in 1953, when the South-Western part of the Netherlands was flooded by extreme storm surges from the sea killing almost 2000 people and causing huge economic damages, the Delta Act was adopted and implemented. Sea defence works, the so-called Delta Works including the Eastern Scheldt Storm-Surge Barrier, were constructed between 1955 and 1992. Additional works, i.e. the stormsurge barriers in the Nieuwe Waterweg and Hartel Canal to protect Rotterdam from floods, are under construction. In 1955, also the planning for the reinforcement of the river dikes was begun. The implementation of the river dike reinforcement programme was subject of political debates in 1971 and 1993 caused by grave concern within the population on the conservation of the beautiful river landscape, and has been delayed by budgetary reasons, giving priority to the sea defence works.
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When the Meuse and Rhine rivers, after a long period of moderate flows, carried real floods in December 1993 and January/February 1995, the condition of the river dikes was not up to standards. In 1995 over 200,000 people and millions of animals (cattle, chicken, etc) had to be evacuated in the Province of Gelderland, when the strength of the dikes could no longer be guaranteed. The flooded area of the Meuse is the natural flood plain, which is unprotected by dikes. The highest floods of the Rhine and Meuse in this century were recorded in 1926.

[FIGURE 3 Evacuated areas in 1995]



The economic damage that was compensated for by the National Government in 1995 amounts to 364 Million Dutch Guilders. This amount would have been very much higher if the dikes really had collapsed. The flooding of the Meuse in 1993 resulted in a damage amounting to 213 Million Dutch Guilders. In 1995 the damage of the Meuse was about half as big as in 1993, as the people in the floodplain were better prepared.



Also drought problems occur in The Netherlands. The large rivers Rhine and Meuse are key sources of water supply in most of The Netherlands in the dry season. Periods of prolonged low flow induce restrictions in water use and eventually in economic damages. The most critical year in this respect was 1976, when the low flow situation lasted for six months, and substantial damages were recorded. A low flow situation has also occurred in 1991, but for a brief period only.





1.3 Scope of this paper



In this paper the organisation of river flood and drought management in the Netherlands is described and illustrated by recent cases. Other water-related calamities, such as floodings from the sea or pollution emergencies, are not covered. In Chapter 2 the pre-emergency situation is presented in cases of floods and droughts on, in that order, the policy level, the management level and the technical level. Chapter 3 describes the organisation in emergency situations and contains a concise presentation of the floods of Rhine and Meuse in 1995, as well as the drought in 1976. In particular the flood events triggered a review and extension of a set of prevention measures as described in Chapter 4. Research needs are identified and presented.





�2. Pre-emergency





2.1 Policy



The idea of integrated river management plays a central role in policy development for the rivers and flood plains in the Netherlands. Balancing the requirements of the different actual and proposed uses of the river is a major task of the river manager, Rijkswaterstaat. Recently, a major study has been completed to assess various land�scape planning scena�rios for the next decades, in which safety from flooding, nature development, navigation, sand and gravel mining and other functions are analyzed quantita�tively (Integrated Land�scape Planning for the Rhine branches -- Weighing up River Management, 1996).





2.1.1 Floods



Safety from flooding has the highest priority. The dikes that have been constructed to protect the economicly highly valuable low-lying part of the Netherlands, have dimensi�ons designed to protect these from a flood with return periods that have been assessed in Parliament. These return periods are for the sea dikes 10,000 years, for the tidal river area 2000 - 4000 years, and for the non-tidal rivers 1250 years. The design floods corresponding to these return periods, determine the flood control con�straint for all landscape planning projects in the flood plains. Proposed river works for nature rehabilitation, sand mining or any other purpose, need formal approval as stated in the River Act, and according to the recently adopted Policy on Room for the River (1996).



Based upon the River Act, the policy is that the construction of com�pensation works is required for all project proposals that do not comply with this safety constraint. Also the distribution of water and sediment over the three Rhine branches may not be changed. Nautical and environmental interests will be included in the evaluation of proposals.



The Policy on Room for the River further reduces the possibi�lities to build in the flood plains. No new activities are allowed here that could, in principle, lead to:

- waterlevel increases

- constraints on future discharge capacity extensions

- potential flood damages.



The river dikes in the Netherlands are in total about 1800 km long. The strength of 685 km of these was consi�dered insufficient at the time of the floods of Rhine and Meuse early 1995. The Delta Act on Large Rivers, which was adopted in 1995, states that for the Rhine-area 145 km of the most critical stretches should be reinforced before 1997. The full length of river� dikes should be up to standards in 2000.



Early 1996, the Flood Protection Act was adopted. In this Act, the formal responsibilities for dike maintenance and safety supervision are assessed. The safety of dikes is at this moment directly related to the probability of excee�dance of design high water levels (MHW-levels). The Act states that the  possibilities will be studied to redesign this safety criterion to relate it to the probability of failure of a dike-ring. A dike-ring is a closed system of dikes and other works around an area to be protec�ted. In the Flood Protection Act it is stated that the Government will take care of proper warning and information supply in case of expected flood emergencies. These warning and information supply tasks in pre-emergency and emergency situations have been assigned to Rijkswaterstaat.





�2.1.2 Drougths



The government policy with respect to water supply and distribution in drought situations is formulated in the Third Water Management Paper (1989): "The policy is focussed on the supply of sufficient water of adequate quality. This does, however, imply that not at all times and in all places all water demands can be satisfied.". In water management practice, particularly in dry periods, it may happen that it proves to be impossible to satisfy all water demands. Water managers have to weigh the different interests, considering the actual situation and possibilities. 



Formal instructions on priorities had not been issued, but indicative guidelines were formulated :

-	water-level control in the low-lying part of The Netherlands, which is important for avoidance of irreversible land subsidence and for the stability of dikes and structures,  has top priority. This expresses the view that safety has priority above  for instance water quality in a situation that only water of inadequate quality (saline water) is available for a water intake.

-	drinking water interests are considered essential for public health, and will get priority allocations, whereas optimal use will be made of the existing infrastructure such as reservoirs, and whereas reductions in drinking water demands will be stimulated. This priority is also given to the greenhouse agricultural sector and industrial intakes in view of the limited possibilities to adapt production processes and in view of the subsequent large economic and social damages.

-	lower priority is given to salinity control, cooling water supply for power plants and large industries, agricultural water supply (irrigation) and navigation (available draught and lock operations).
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Figure 4 presents the priority order.

[FIGURE 4 Priority order in water distribution]



In the Third Water Management Paper, the need to get formal agreements on regional water distribution is emphasized. In the fore-going Water Management Act, eleven regions are mentioned where so-called Water Agreements are to be established between the local Waterboards and other involved Parties.





2.2 Management



Integrated river management in practice has the policy formu�lated above as starting point. Requests for project develop�ment or construction works in the river flood plain are evalu�ated within this context. Pre-emergency management as described below comprises management and development of the physical infrastructure for flood control and flow diversion, and of the information infrastructure for monitoring, forecasting and control of the water.





�2.2.1 Floods



The condition of flood control works, dikes and fairways is monitored on a regular basis. Every five years a formal report on flood safety is made. Also every five years, the design high water levels (MHW-levels) along the rivers are re-asses�sed. The MHW-levels are assessed on the basis of flow compu�tations during design flood conditions, taking into account effects of wind set-up and a freeboard margin of 0.5 m for overtopping of dike crests.



Triggered by strong political pressure from the population of the river areas, that was fearing destruction of the characte�ristic river landscape by the works of the dike reinforcement, the procedures for strengthening of river dikes were reviewed in 1992 by the Boertien Committee. The protection of the natural river landscape and its cultural values is explicitly integrated in the procedures for river dike reinforcement described in the Flood Protection Act of 1996, with reference to the Boertien recom�mendations.  



A Coordinating Information Centre for, amongst others, monitoring and forecasting of high and low waterlevels was established at RIZA in 1986. This Centre is equipped with all means for data acquisition, analy�sis and presentation of information. The permanent staff can be extended in times of expected crises. The Centre is then, if necessary, operatio�nal on a 24-hour basis. Also Regional Information Centres are operational.





2.2.2 Droughts



When water demands for agriculture, navigation and nature conservation cannot be met in a period of continuing drought, a low-flow situation occurs. Low-flow bulletins are issued when river flow drops below specific levels. For the Rhine a low-flow bulletin is issued if during the months of May to September the daily average flow at Lobith falls below 1400 m3/sec (May 1st) to 1000 m3/sec (September 1st). For the Meuse at Maastricht a low-flow situation occurs when the flow averaged over three days drops below 25 m3/sec. The low-flow bulletin contains information on water intake values, water levels and chloride concentrations at key locations.



This information is relevant for regional water managers, i.e. the Regional Divisions of Rijks�waterstaat and Waterboards. They have to decide on intakes or flushing operations for agriculture and nature conservation, the operation of structures for navigation and salinity control. Also the navigation sector needs this information for the optimal use of transport capacity with respect to available navigable depth. Drinking Water Companies use the low-flow bulletins to decide on water intakes and the use of storage facilities.



In case of substantial water shortage, the 'National Coordination Team Low Flows' of Rijkswaterstaat decides on water distribution. The policy on priorities in distribution is presented in Figure 4.



When low flow periods co-incide with high air temperatures, water temperature may increase to a level for which the return flow from cooling water intakes cannot be accepted in view of Regulations derived from the Water Pollution Act. High temperature water may endanger the aquatic environment. In these circumstances the electricity power plants are requested to use their cooling tower storage facilities.



In operational water management at a regional scale many government bodies are involved : Waterboards, Provinces, Local Communities and Rijkswaterstaat. Based upon the Water Management Act eleven cases are indicated where Water Agreements should be drawn up. These cases have as a characteristic that several water managers are involved who demand water from or discharge water to their neighbours during the year.

The Water Agreements specify the amounts of water (for normal conditions, but also for droughts and floods) to be transported through these distribution systems as well as arrange for the distribution of expenditure between the Parties involved.





2.3 Operational and technical aspects



In pre-emergency and of course also in emergency situations (see the following Chapter 3), the water-level forecasts of the Coordinating Information Centre of RIZA play a crucial role. The relevant components in the process of information collection, analysis and dissemination to the users are summarized in Figure 5.
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[FIGURE 5. Operational processes]





2.3.1 Floods



Waterlevel forecasts for navigation are made daily, but the more extensive flood forecasts and information supply for the Rhine at gauging station Lobith near the border Germany - The Netherlands starts when the Lobith water levels exceed NAP+14.00 m and are expected to rise above NAP+15.00 m. For the Meuse at gauging station Borgharen near the border Belgium - The Netherlands  this starts when the waterlevel at Borgharen exceeds NAP+44.10 m. The forecast lead time for the Rhine is 48 hours, for the Meuse 12 hours. The Coordinating Information Centre formally informs all relevant organisations daily on the flood situation.



Water-level data for the Rhine are obtained through the Rhein Wasser- und Schiffartsdirektion in Duisburg, Germany. Waterlevel data for the Meuse are obtained from the Ministère Wallon de l'Equipement et des Transports in Brussels, Belgium, as well as from the Centre d'Annonces des Crues in Nancy, France. In the Netherlands water-level data from 70 stations are collected automatically; the Royal Dutch Meteorological Institute provides rainfall data and forecasts for the Rhine and Meuse river basins.



The water levels at gauging station Lobith are forecast using a multiple linear regression model. A new approach, using a hydrodynamic flow model and rainfall-runoff models, was recently initiated. The waterlevels at gauging station Borgharen are already forecast using such an approach: a statistical module for the French Meuse, rainfall-runoff modules for the Belgian tributaries and a hydrodynamic module for the Belgian Meuse. The forecasts for waterlevels at Borgharen and Lobith form the upstream boundary conditions for the forecasts of water levels along the downstream river stretches. Hydrodynamic models are used for the computations, which are carried out under the responsibilty of the Regional Divisions of Rijkswaterstaat.



Monitoring of the condition of the dikes is intensified during flood periods. Organisation of a 24-hour dike-watch is the responsibility of the Waterboards. When a flood is expected, the Water�boards initiate the alert period with a set of preparatory measures: all dike reparation and reinforcement material is checked and transferred to the critical locations, people in vulnerable areas are warned, culverts and pumping stations are checked on their status, cuts in the dikes for roads are closed with gates, and the so-called 'dike army' is mobilized. This dike army consists mainly out of volunteers and is used for dike monitoring and reinforcement works. 



Information Bulletins are issued in cooperation with the Coordinating Information Centre RIZA and the Regional Divisions of Rijkswaterstaat. For the Rhine these bulletins appear at least twice daily, for the Meuse daily. The users of the information are the Crisis Centres on national, provincial and regional levels, the press and the public. For dissemination of the information use is made of telephone, telefax, on-line connections and videotext.





2.3.2 Droughts



The Coordinating Information Centre of RIZA is producing low-flow bulletins when the Royal Dutch Meteorological Institute KNMI forecasts no or limited rainfall for the coming days and the river flows are dropping below the established flow criteria. The organisations that are having interests in the low flow events are informed, and the Regional Divisions of Rijkswaterstaat are asked to supply regional flow data on a weekly basis. These flow data are used to produce water distribution maps, see Figure 6.
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[FIGURE 6. Water Distribution Map]



This map is distributed to the Head Office and Regional Divisions of Rijkswaterstaat, and the National Coordination Team Low Flows. As the time-scale of drought events is much longer than that of flood events, the emergencies have a completely different character. Pre-emergency activities are limited, and time-pressure on decision-making in drought situations is usually lacking.



3. Emergency



This Chapter contains a description of organization and operations during flood emergencies. A drought emergency situation has a completely different character and is presented in the form of the 1976 drought in paragraph 3.5.

 

3.1 Institutional framework



A breach of a dike, inundations or an exceedence of the water level of the Rhine at Lobith of NAP+16.50 m, or of the Meuse waterlevel at Borgharen of NAP+46.00 m are considered emergency situations. The protection of the population has the highest priority and the Government, at their different levels, puts Coordinating Crises Centra into operation and prepares on decisions regarding immediate support actions or evacuations.



In case of an emergency involving more than one Province, a National Coordinating Centre has been created within the Ministry of the Interior, headed by the Minister. This Coordinating Centre is supported by technical expertise from the Ministry of Transport, Public Works and Water Management, and liaises with other Ministries, including the Ministry of Defence. The Centre coordinates logistic and communication aspects during the emergency. The Minister may issue specific instructions on damage prevention or relief, and advise or order evacuations.



At the Provincial level, the Governor is head of the Provincial Coordinating Centre. The Governor has tasks and responsibilities that are comparable with that of the Minister of the Interior, but restricted to the Province. The Provincial Coordinating Centre has similar tasks as the National Coordinating Centre, but restricted to the Province.



The local communities, cities and townships, have organised themselves on a regional basis. The Mayors in a region appoint within their group a Coordinating Mayor, who coordinates and directs support operations within the region by the Police, Fire Brigade, Ambulances and Medical Services. 

The legal basis for the distribution of tasks and responsibilities is given in the Provincial Act, the Act on Communities, The Fire Brigade Act and the Act on Emergencies.

A concise presentation of the organisation for river flood management is given in Figure 7.
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[FIGURE 7 Organisation of river flood management in The Netherlands]



The functional government, represented by Rijkswaterstaat and the Waterboards is also presented in the Figure. The position of the Waterboards requires some explanation. A Waterboard has a limited number of well described tasks. These may vary per Waterboard, but usually include water management and the responsibility for the strength of the dikes. When a Waterboard announces that the flood situation evolves in such a way that they cannot guarantee the strength of the dikes any longer, the Mayor has to decide on actions in view of his responsibility for the population. 





3.2 Technical aspects and measures



During flood emergency periods monitoring of the condition of the dikes is highly intensified. Dike watches operate on a 24 hour basis. Dike roads are closed to reduce loads on the dikes as much as possible. Weak spots get extra attention. Piping and sand welling problems are countered with emergency constructions as soon as they are discovered. Geotextiles, sandbags and sometimes emergency dikes are used to defend the critical sections. The Waterboards are supported in these works by contractors, army units and volunteers.



Along the southern part of the Meuse river in The Netherlands, the river has no dikes and flows in its natural flood plain. The Waterboards are prepared to construct local emergency levees using sandbags to protect specific areas. Regional Coordination Centres prepare for evacuation.

 

For the preparation of the evacuation of people and cattle, evacuation plans have been prepared. These plans contain the transport means and provisional destination for all evacuees, including hospital patients and disabled. The government has legal possibilities to claim the use of private transport means in emergencies. The police is assigned a prominent role in the guidance of the large transport-flows during evacuation.



3.3 Communication



The value of good communication during emergencies is very high. The lack of reliable actual information may result in risks on chaos or panic in addition to the flooding risks. Information on actual and expected waterlevels for the Rhine at Lobith and the Meuse is provided by the Coordina�ting Information Centre of RIZA in cooperation with the Regional Divisions of Rijkswaterstaat. The latter also supply specific regional information. This information is available for the public through various information channels, amongst others videotext.



The Waterboards supply information on the strength of the riverdikes to the Regional and Provincial Coordination Centres. The Centres disseminate this information, and inform the public also on decisions taken to cope with the situation. The local radio station usually is for this purpose a very efficient medium.



Requests for help from private persons, but also from firms, for instance agricultural enterprises, are transferred to the Regional Coordination Centre, where the allocation of support is coordina�ted.





3.4 Case : The 1995 Floods





Flood characteristics



�

In January 1995 a long period of heavy rainfall in Belgium, France and Germany resulted in extreme floods on the rivers Meuse and Rhine. In the Rhine basin as a whole twice the normal rainfall was recorded. In the Meuse river basin three times the normal amount of rainfall for January was recorded. The Meuse, Rhine and Scheldt river basins are presented in Figure 8.



[FIGURE 8 The Meuse, Rhine and Scheldt river basins]



Yearly average flow at Borgharen is about 230 m3/sec, with low flow periods with flows less than 25 m3/sec and flood periods with flows above 2500 m3/sec. The peak flow in 1995 was 2870 m3/sec, corresponding with a waterlevel at Borgharen of NAP+45.71 m. This waterlevel was 19 cm lower than the top value of Christmas 1993. Figure 9 shows the flow in typical reaction to excessive rainfall.
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[FIGURE 9 Rainfall and Flow for The Meuse river at Borgharen, January/February 1995, adapted from Rijkswaterstaat, 1995]



In comparison with 1993, the 5-day duration of the flood was long. The return period of the 1995 flood in the Meuse was estimated to be 65 years for Borgharen, and higher downstream. The damages from the Meuse flood in 1995 amounted to around 120 Million Guilders, about 50% of the damages in 1993. This reduction was mainly caused by a better preparedness of the population and the government organizations.



The Rhine flood in 1995 peaked shortly after the Meuse on 1 February 1995. In the Rhine basin more than 100 mm of rainfall was recorded in the last decade of January. In addition to this rainfall volume a large snowmelt-runoff resulted from relative high air temperatures. The return period for the Rhine flood was estimated to be 55 years.



Decision making

 

Triggered by, amongst others, the flood warnings from the Coordinating Information Centre RIZA, the Provincial Coordinating Centre of Gelria, headed by the Governor, convened for the first time on Sunday evening 29 January. The situation of that moment (Lobith at NAP+16.17 m) did not ask for evacuation measures. The next day, however, the forecast for Tuesday 31 January showed that the strength of the dikes could no longer be guaranteed in the areas Land van Maas en Waal, Ooijpolder and Bommelerwaard (see Figure 3), and it was decided to start with immediate evacuation of cattle. An evacuation order was issued for Tuesday 31 January 8.00 hours. At the time this decision was taken the waterlevel at Lobith was NAP+16.37 m and a further rise was expected. In the Nijmegen and Apeldoorn regions, temporary accomodations were prepared. The National Coordinating Centre of the Ministry of Interior was also asked to organise temporary accomodation for people and cattle in other Provinces, as evacuation of other areas in Gelria (Tieler and Culemborgerwaard) could be necessary.



On Tuesday 31 January, the Provincial Coordinating Centre indeed decided to prepare for evacuation in the Tieler and Culemborgerwaard; the Lobith waterlevel had risen to NAP+16.65 m. The evacuation was ordered for Thursday 2 February 8.00 hours. On February 1st a large crack apeared in the dike near Ochten. The plan for immediate emergency evacuations was put into operation. Ochten is part of the Local Community of Echteld. The Mayor of Echteld had taken his responsibility and had ordered immediate evacuation prior to the decision in the Provincial Coordinating Centre. 



In Utrecht and Rosmalen and several other locations temporary accomodation had been arranged for the evacuees. Many of the more than 200,000 people had arranged for private lodgings with relatives in safe areas; not all accomodation that was arranged for by the government was needed.



On Thursday 2 February the waterlevel at Lobith was NAP+16.33 m and a further decline was expected. A major concern, however, remained dike stability. A sudden fall of the water could lead to dike sliding. This did not happen. Also the dike at Ochten was saved by emergency repair works. On Saturday 4 February it could be decided that the next day, all people could return to their homes. The cattle could follow the next week.



Downstream along the Northern Rhine branche, the IJssel, a dangerous situation occurred near the city of Kampen. It was known that the heigth of the existing dike was insufficient to stop a combination of river flood and wind set-up from the IJssellake. An emergency dike with a length of two kilometers and a height of 4 m had been constructed within 24 hours. During the passage of the flood peak the wind dropped and no inundations occurred.



Along the Meuse river, the villages Borgharen and Itteren in the south have been evacuated. Near the city of Venlo, an emergency levee has been constructed to protect valuable parts of the city.

  

Damages



The cost of the damages of the 1995 flood that have been compensated for by the National Government amounts to 364 Million Guilders. This does not comprise the compensation to private property as compensated for by insurance companies. The damages can be subdivided in the following categories :

1.	Private persons (evacuation cost)	  61 Mfl

2.	Non-agricultural enterprises	111 Mfl

3.	Agricultural enterprises	100 Mfl

4.	Local governments 

	(police, fire brigade, infrastructure)	  79 Mfl

5.	Other cost 	  13 Mfl



Learning



A large number of evaluation reports have been published after the floods, each containing a long list of conclusions and recommendations. A general remark is that all evaluators agree that the 1995 floods could have ended up in a far more severe disaster. The dikes did not break and the evacuation and return of the population took place in an organized way without chaos or panic. A very limited number of people were killed resulting from individual accidents.

One of the most important conclusions of the Province of Gelderland was that it was acknowledged that the availability of the recently developed emergency plans was of very high value.

The need for an extension of the available forecast lead times for the Rhine (48 hrs) and the Meuse (12 hrs) was expressed.

The Ministry of the Interior has concluded that the communication structure must be made more explicit. The status of news items was not always clear. For example, the public generally did not immediately understand the difference between an evacuation advice, a possible evacuation order and a formal evacuation order.

The Minister of Transport, Public Works and Water Management and the Minister of Public Health, Landscape Planning and Environment concluded that no permits would be given to private persons or local governments for the construction of houses in the flood plains. This has been formalized in the Policy on Room for the River(1996).

Finally it was evident that the reinforcement programme for the river dikes should be speeded up. In 1995 the Delta Act on Large Rivers was formulated and adopted in Parliament. The strength of 145 km of the most critical dike sections should be up to standards before the end of 1996, and the full reinforcement programme, covering 540 km of riverdike should be finalized before 2000. 

 



3.5 The 1976 drought





Water balance



The year 1976 was an extremely dry year in the Netherlands. The river flow of Rhine and Meuse in the months April-Septem�ber stayed for most of the time below the 10% point in the flow frequency curve. In addition, the very low rain�fall volume and high evaporation in the summer months genera�ted a large demand of fresh water. From the climatologi�cal point of view, the return period of this event is 300 years. The Rhine flows of 1921 were lower than of 1976; the Meuse flows of 1976 were the lowest of the century.



Effects of droughts



(i) The main water systems

Detoriation of water quality was more remarkable in the Meuse than in the Rhine river. In general, the water quality was not a decisive factor in water intake operations, although damages and production losses due to salinity have been reported by the greenhouse agricultural sector. Salinity intrusion caused severe problems in specific areas. Electricity power plants had to adjust their operations as the returned cooling water was too hot.



(ii) The regional water systems

These consist of two categories: the higher areas in the South and East and the low-lying polders in the North and West, see Figure 2. In the higher areas shortage of water was characteristic. To some parts of the East and South of the Netherlands, sufficient water could not be transported. In the polder areas salinity problems occurred. Water quality problems inclu�ded salinity, algae bloom, dead fish and stench.



(ii) The special sectors

The problems in drinking water and industrial water supply were limited to local pressure drops and temporary decline of water quality. The availability of storage facilities proved to be highly valuable.

The agricultural sector suffered production losses due to insufficient availability of surface water for irrigation. The forests and nature conserva�tion areas have suffered visibly. It can be assumed that nature itself has, after some time, regained ground as no irreverible losses or damages had been reported.

Navigation has suffered an extended period of draught limita�tions and the closure of fairways, causing a difficult year for the economy of this sector.



Low-flow information



The Coordinating Information Centre of Rijkswaterstaat RIZA issued 26 water bulletins, containing water distribution maps with flow values, water levels and salinity data. These maps were very valuable for the decisions of the National Coordinating Team Low Flows.



Measures



Water distribution in the main water system of the Rhine can be influenced by operation of the control structures in the Lower Rhine. The most important of these is the weir at Driel, which directly controls the distribution of the Rhine water over the two Northern branches in The Netherlands, the IJssel and the Nederrijn. Water retention was realized by stop�ping the discharge to the Northsea by locks and pumping stati�ons, and by pumping back the water from the locking chambers of the navigation locks. 

The public was requested to reduce private water use.



Learning



Emergencies often produce the most valuable insight into impro�vement needs. The evaluation report of Rijkswaterstaat(1977) on the drought of 1976 included a list of 52 conclusions and 27 recommendations. These recommendations ranged from structural measures, such as the construction of additional pumping stations, to non-structural measures such as improvement of legislation, formulation and analysis of drought policies, extension of monitoring networks and development of management information systems. 



The drought of 1976 led to policy development as formula�ted in the Third Water Management Paper (1989). Implementation of this policy is detailed in the Management Plan for National Waters 1992-1996. 



In September 1991 a short period of low flow occurred. The National Coordination Team Low Flows convened twice, and five Low-Flow Bulletins were issued. The measures that have been selected by the National Coordination Team have been directly derived from the recently adopted policy, and were based on the 1976 experience. 





�4. Prevention





4.1 Learning



Policy



The emergency cases produced a large amount of knowledge that is used for prevention of future damages. This resulted in policy development, management measures and improvement of operation rules. 

The drought of 1976 has led to policy development as formula�ted in the Third Water Management Paper (1989). Implementation of this policy has been detailed in the Management Plan for National Waters 1992-1996. 

The 1995 floods led to a speeding up of the dike reinforcement programme through the Delta Act on Large Rivers (1995) and the stricter formulation of the use of the floodplains in the Policy on Room for the River (1996).

The Ministers for Landscape Planning and Environment of the river basin countries have met in Arles, in 1995, and have agreed on the installation of a Working Group on Floods for the Rhine, a Working Group on Floods for the Meuse and a Landscape Planning Coordination Group. The Working Group for the Rhine, that has been organized as a Working Group from the International Rhine Committee, has published a Strategy Document and an Inventory Document. Improvement on the cooperation in flood forecasting has also been elaborated in this Working Group.



Management



In the evaluation of the 1976 drought it was concluded that the construction of large diversion works was pointless. The construction of smaller works on a regional scale and agreements on operation and maintenance, however, were recommended. So-called Water Agreements were introduced as the legal basis for regional water management.



In the evaluation of the 1995 floods it was concluded that along the Meuse river levees should be built as temporary flood protection measure. Structural safety improvements will be realized by the development of the projects Border-Meuse and Sand-Meuse. In the Border-Meuse, large works will be carried out in the next decades, in which gravel, sand and clay are mined giving the river more space, at the same time improving safety and nature restoration in the flood plain. In the Sand-Meuse project, large dredging operations will result in a combination of safety improvements, navigation improvements and nature development.



The programme for reinforcement of the river dikes along the Rhine branches and Meuse will be executed before 2000. The procedures for design and construction of the dikes, however, have to be re-assessed, accounting for the recommendations of the Boertien Committee with respect to the dialogue with the local communities in the river area, and in view of the protection of the values of nature, culture and landscape. A broad support within the population is felt to be essential for a sustainable management of the river landscape.



As a result of the international cooperation after the floods, the Working Group on Floods of the International Rhine Committee (IKSR/CIPR) published a Strategy Document, which contains 'ten commandments' to reduce flood damages.



Operations



The many organizations that played their part during the emergencies have each formulated their conclusions on the needs and possibilities of improving performance during future emergencies. The need for improvement of instruments, tools and equipment is acknowledged in many places. In particular, the availability of Plans for Flood Defence and Evacuation is mentioned as top priority.



Within the International Rhine Committee, improved cooperation on exchange of experience, data and models have been agreed upon.

  



4.2 Research issues



The recent flood and drought emergencies have shown us many weak points where improvements for prevention can be applied, both on the policy level, the management level and the level of operations. The recent events have also pointed out directions for research leading to improved understanding of flood and drought phenomena and to a better risk assessment.

The research includes activities aiming at improving the capabilities for flood preparedness (non-structural issues), as well as activities aiming at improving flood defense (structural issues).



4.2.1 Phenomena�CONVGEGEVENS ��



An important question for water management is what floods or droughts can we expect, now and in the future ? Of key importance is knowledge about the river system and the effect of human interference on this system, such as construction of river works and land use changes. Furthermore insight into meteorological events which lead to floods and droughts is important, especially in relation to possible climate changes. Not only are direct hydrological effects to be taken into account, but also indirect effects on morphology, which are very important in relation to navigability and nature restoration.



The large size and spatial variability makes it difficult to develop an integrated river basin model containing an adequate description of the hydrological processes leading to floods and droughts. Such a model would however be a valuable instrument in evaluating impacts of climate change and human interference. A viable approach may be to start in a simple, “course grid “ way .  On this basis gradual improvements can be build  to model hydrology, but also morphology and ecology.  



Another important question is to know in time when a flood can be expected.

During floods information on expected waterlevels is a vital part of the warning and alarm systems. There is a need to increase the present lead-times of the forecasts in the Netherlands, in view of the time required for large scale operations such as evacuations. Improvements in hydrological models and data-infrastructure play an important role in this. Furthermore improvements in the spatial and temporal accuracy of the rainfall-forecasts are very important to increase the lead-time. For example in the Meuse basin the runoff-response to rainfall events in Belgium reaches Borgharen between 6 and 12 hours. 



Actual information on stability of dikes during a flood situation also is required to be able to decide on the need to evacuate people from certain areas. Although the basic phenomena leading to dike failure are known, adequate monitoring methods to identify critical dike sections are lacking.







4.2.2 Risk assessment



For the design of flood protection works in The Netherlands, the design floods at the gauging station Lobith for the Rhine and Borgharen for the Meuse form basic parameters. These design floods were assessed by applying extreme value theory on the time series of observed events. This method presupposes homogeneity of this observed time series. This assumption can be challenged, due to river engineering works and land use changes in the upstream river basin. Also possible climate change effects are not accounted for. A physically based river basin model in combination with a Monte-Carlo approach for generation of rainfall fields would lead to an improved assessment of the design floods.



In the Flood Protection Act it is announced that the safety of the dikes will be redefined. Instead of a safety definition on the basis of design water levels for individual dike sections, safety will be considered for the entire dike-ring. A dike-ring consists of a closed system of dikes, natural heights and structures that encloses an area to be protected. The introduction of safety based on the concept of dike-rings involves the development of new guidelines for design and maintenance.



Risk awareness of the population was investigated after the Meuse floods in 1993. From this investigation it was recommended to design better procedures to inform the people and enter�prises having their residence in flood plains on flooding risks. Financial instruments, like insurance premiums or government incentives must be investigated to discourage investments in property in the flood plains.







4.2.3 International cooperation



For the progress in the research fields mentioned above, international cooperation is vitally important. This holds in particular for all research directed towards water management problems on the scale of an international river basin. Cooperation frameworks are necessary to enable fruitful exchange of ideas, data and experience. Important steps in this way already have been taken, for example the already mentioned Working Groups in the Rhine and Meuse basins, but also the International Commission on the Hydrology of the Rhine Basin. Further strenghtening and extending these frameworks will improve our ability to deal with floods and droughts, now and in the future.
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