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HYDRA - et forskningsprogram

om flom

HYDRA er et forskningsprogram om flom initiert av Norges vassdrags- og energiverk (NVE) i 1995. Programmet
har en tidsramme på 3 år, med avslutning medio 1999, og en kostnadsramme på ca. 18 mill. kroner. HYDRA er i
hovedsak finansiert av Olje- og energidepartementet
Arbeidshypotesen til HYDRA er at summen av alle menneskelige påvirkninger i form av arealbruk, reguleringer,
forbygningsarbeider m.m. kan ha økt risikoen for flom.
Målgruppen for HYDRA er statlige og kommunale myndigheter, forsikringsbransjen,
utdannings- og
forskningsinstitusjoner og andre institusjoner. Nedenfor gis en oversikt over fagfelt/tema som blir berørt i HYDRA:
• Naturgrunnlag og arealbruk
Tettsteder
• Flomdemping, flomvern og flomhandtering

• Skaderisikoanalyse
Miljøvirkninger av flom og flomforebyggende tiltak
• Databaser og GIS
• Modellutvikling

Sentrale aktører i HYDRA er; Det norske meteorologiske institutt (DNMI), Glommens og Laagens Brukseierforening
(GLB), Jordforsk, Norges geologiske undersokelse (NGU), Norges Landbrukshogskole (NLH), Norges teknisknaturvitenskapelige universitet (NTNU), Norges vassdrags- og energiverk (NVE), Norsk institutt for jord- og
skogkartlegging (NIJOS), Norsk institutt for vannforskning (NIVA), SINTEF, Stiftelsen for Naturforskning og
Kulturminneforskning (NINA/NIKU) g universitetene i Oslo og Bergen.

HYDRA - a research programme on floods
HYDRA is a research programme on floods initiated by the Norwegian Water Resources and Energy Administration
(NVE) in 1995. The programme has a time frame of 3 years, terminating in 1999, and with an economic framework
of NOK 18 million. HYDRA is largely financed by the Ministry of Petroleum and Energy.
The working hypotesis for HYDRA is that the sum of all human impacts in the form of land use, regulation. flood
protection etc., can have increased the risk of floods.
HYDRA is aimed at state and municipal authorities, insurance companies, educational and research instllutmns.
and other organization.
An overview of the scientific content in HYDRA is:

• Natural resources and land use
Urban areas
• Databases and GIS

• Risk analysis
Flood reduction, flood protection and flood management
Environmental consequences of floods
and flood prevention measures
• Modelling

Central institutions in the HYDRA programme are; The Norwegian Meteorological Institute (DNMI), The Glommens
and Laagens Water Management Association (GLB), Centre of Soil and Environmental Research (Jordforsk), The
Norwegian Geological Survey (NGU), The Agriculture University of Norway (NLH), The Norwegian University of
Science and Technology (NTNU), The Norwegian Water and Energy Administration (NVE), The Norwegian Institute
of Land Inventory (NIJOS), The Norwegian Institute for Water Research (NIVA), The Foundation for Scientific and
Industrial Research at the Norwegian Institute of Technology (SINTEF), The Norwegian Institute for Nature and
Cultural Heritage Research (NINA/NIKU) and the Universities of Oslo and Bergen.
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SAMMENDRAG: Under vårflommen i Glommavassdraget i 1995 var
prognoser over vannføringer og vannstander av stor betydning for
samfunnet. Etter flommen har det i vurderingen av dagens flomvarslingstjeneste vært fokusert på varslenes kvalitet og deres utsendelse og
fortolkning. Denne artikelen tar opp hensyn som bør tas ved utarbeidelse og
distribusjon av slike flomvarsler. I tillegg presenteres hovedresultaten av en
grundig analyse av ulike feilkikilders innflytelse på varslene.
Artikelen ble presentert på 22nd General Assembley of the European
Geophysical Society i Wien, mai 1997.

ABSTRACT: During the spring flood of 1995 in the Glomma River Basin,
South Eastern Norway, forecasting discharges and water levels was of
utmost importance to society. After the flood, the general discussion on the
present flood forecasting services in Norway has focused on both the quality
of the forecasts and their distribution and interpretation. The article
discusses considerations concerning the production and issuing of flood
forecasts. In addition the main results of a comprehensive analysis of the
influence of different error sources is reported.
The article was presented at the 22nd General Assembley of the European
Geophysical Society in Wien, may 1997.
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P.O.Box 2903, N-0230 Oslo, Norway
ABSTRACT
During the spring flood of 1995 in the Glomma River Basin, South Eastern Norway,
forecasting discharges and water levels was of utmost importance to society. After the
flood, the general discussion on the present flood forecasting services in Norway bas
focused on both the quality of the forecasts and their distribution and interpretation. The
article discusses considerations concerning the production and issuing of flood forecasts.
In addition the main results of a comprehensive analysis of the influence of different error
sources is reported.

1. INTRODUCTION
Floods are a natural phenomenon that has a particular focus for people living in or near floodprone
areas. Today's media coverage, especially on issues with dramatic undertones, has made floods a
subject that many people have an opinion on. Seldom or never in Norway was such a media cover
of a hydrolgical event experienced, as during the spring flood in the Glomma River in 1995. The
newspapers wrote on precipitation and snowmelt, on transport times along the river, and on flood
abatement. In focus during the whole flood were the forecasts. How large was the flood going to be
and how certain were the forecasts? In the article some of the important aspects of flood forecasting
are highlighted, with special reference to the experiences made during the 1995 flood in South
Eastern Norway.
2. FORECASTS AND SCENARIOS
A common misunderstanding concerning forecasts and predictions is not to differ between short
term forecasts and long term predictions. A short term forecast is usually based on quantitative
meteorological forecasts for a week ahead, it is based on the most probable weather conditions. A
long term prediction, on the other hand, has to be based on additional information for the period
exceeding the first week, usually historical data. It is therefore not an actual forecast any more, but
one out of several possible scenarios.
Long term predictions can be based on mean or median weather conditions, or on the weather of a
particular year. Since average weather conditions have a tendency to lack extremes, it is preferable
to implement the concept of mean and medians in such a way that individual runoff series are
calculated for each year with available meteorological data. From these runoff series, mean or
median runoff series or other statistical measures can be calculated.
For many purposes it is also of interest to evaluate the result of the weather in one particular year.
When several individual years are analysed, the probability of reaching critical levels can be
estimated. Figure I shows an example of such an analysis, performed before the flood of 1995.
This analysis revealed that all the historical weather data sets indicated water levels in Lake Mjøsa
above the critical level for significant damages, which is 6 meters. With the weather conditions of
1984, the calculations gave water levels even 3 meters above this level. The fact that alternative
scenarios differ after only 3 weeks with as much as 4 meters clearly shows the large uncertanties in
such long term predictions.

3. THE FORECAST MODEL
The usual procedure when preparing a flood forecast is to use meteorological data combined with a
hydrologic rainfall-runoff model. In such a model, precipitation and temperature data are used to
calculate changes of snow storages, soilmoisture and groundwater, and the resulting runoff from a
tchment.
In the Glomma River Basin, Glommen's & Laagen's Water Management Association (GLB) has
calibrated 34 such rainfall-runoff models, which describe the runoff conditions in all subcatchments
to regulated reservoirs and to key points along the main river. The model used has been the
Swedish HBV-model, which is widely used in all the Scandinavian countries. These HBV-models
are tied together by a routing model. This routing model describes regulated reservoirs, water
transfers and transport times. With the model it is possible to evaluate alternative release strategies
for the reservoirs and its consequences further downstream.
Hydrological forecasts or predictions should, in addition to weather forecasts, also be based on the
knowledge of today's conditions in snowstorages, soilmoisture and groundwater. The quality and
usefulness of this knowledge relies on having the proper observational network and on continous
updating of the models. If the forecast model does not include updated conditions based on
observations, historical runoff data may give as good information as actual forecasts.

4. THE ISSUING OF FORECASTS
During the most critical phase of the 1995 flood, forecasts were issued daily, both from GLB and
from the authorities, represented by the Norwegian Water Resources and Energy Administration
(NVE). These forecasts usually covered one week ahead, and were based on quantitative
meteorological forecasts from the Norwegian Meteorological Institute (DNMI). It has been
critizised that the forecasts changed from day to day, and that sometimes different forecasts were
issued by GLB and NVE.
The reason why the forecasts from GLB and NVE were not always identical is primarily that GLB
always based their forecasts on the quantitative meteorological forecasts, while NVE during a
period presented scenarios with safety margins. The cooperation between GLB and the flood
forecasting service at NVE, however, was always the best. The differences between the issued
forecasts were more a problem of information dissemination than of the forecasting itself.
The fact that the forecasts changed from day to day is, on the other hand, a forecasting problem.
that should be dealt with. It has been said after the flood that the society would have been better off
with only one forecast than with frequently changing forecasts, when planning flood abatement
actions. The reason for this is obviously that it is difficult to plan for one flood level one day and
for quite another the next day. The argument against this view, of course, is that when critical
conditions change, e.g. from changing meteorological forecasts, this should be reflected by the
issued flood forecasts. One should also bear in mind that a forecast model will never be able to give
water levels with an accuracy of centimeters.
To overcome some of these problems one might present confidence limits for the forecasts, giving
probabilities of staying within certain intervals (of discharges or water levels). The danger,
however, is that such measures may create even larger uncertainties for many people. The most
important action, therefore, is probably to find a suitable form of presenting the forecasts, that will
be well understood by the society. This would be the best way to avoid misinterpretation of the
forecasts.

5. ERRORS IN FORECASTS
The forecasts of the 1995 flood, as already mentioned, sometimes showed large variations from day
to day and sometimes were clearly in error. The most common error was that the models over
estimated the magnitude of the flood (Figure 2). The difference between forecasted and observed
discharges in the lower part of the river basin could at maximum be as large as 1500 m'/s,
representing a relative error of +50%. For some larger lakes along the main river this resulted in
overestimation of the flood levels by 1-2 meters.
This is not in any way regarded as an acceptable accuracy level for the flood forecasts. After the
flood a critical analysis has therefore been performed to identify the most significant error sources.
So far this analysis has delt primarily with the main river of Glomma down to the confluence with
the River Laagen/Vorma. The catchment area of this sub-catchmnet is 20.000 km', representing 50
of the total river basin.

The meteorological forecasts of precipitation and temperature are usually thought to be the most
common error source in flood forecasting. With meteorological forecasts in error, most rainfallrunoff models will give bad runoff simulations. It has, however, been documented that the
quantitative meteorological forecasts calculated by the atmospheric models during the 1995-flood
had, in general, an acceptable quality. In practice these forecasts were not always used directly, but
were corrected based on subjective evaluations by the meteorological officer in charge
The rainfall-runoff model used for flood forecasting has to be suitable for and calibrated on
extreme events. It is especially important that the representativeness of the meteorological input
data is well understood. The HB V-model used for forecasting during the 1995-flood has earlier
proven to be a good tool for forecasting large floods. One should, however, bear in mind that most
of the subcatchments in the Glomma River Basin have been calibrated on more normal conditions
than those experienced during the 1995-flood. This also applies to the routing model, which is
primarily an operative tool for planning reservoir releases for power production.
The initial conditions before the onset of the flood were important, especially regarding the size
and distribution of the snowstorage. For a rainfall flood during autumn the degree of saturation of
the soilmoisture would have been of greater importance. During the winter of 1994-95 the HBVmodels calculated a steadily increasing snowstorage, not only by volume, but also compared to
normal. In situ measurements around Easter time supported these calculations, and the magnitude
of the snow storage then varied between 100-150 % of the normal for the season. In other words
there was plenty of snow, but not in any way extreme amounts. When melting started on 22 May
and the spring flood gradually increased towards a peak around 2 June, large areas contributed
simultaneously with snowmelt. Melt intensities reached levels of 20 millimeters pr. day in large
areas.
The transport time along the river course will always be an important factor in reshaping the form
of the flood. During the 1995-flood transport times in the main river reach decreased to half of
what is experienced during normal conditions, from 4 to 2 days. This acceleration of the water flow
was partly compensated for in the routing model at an early stage of the flood, but not completely
com pen sated for until 4 June.
Temporary loss of water at flood plains, by breaching of dikes etc. was not included in the routing
model. During the flood of 1995 such losses were experienced at several locations. Along some
2
reaches water was lost to the flood plains. It has been estimated that approximately 100 km of
agricultural land was flooded in the county of Hedmark. This probably reduced the flood peak with
as much as 300 m'/s. In practice, this effect may have been even larger because some dikes either

collapsed or were deliberately opened just prior to the time of the flood peak, thus withdrawing
large volumes of water at the most critical stage of the flood. Some of the lost water later returned
to the river channel, after the flood had peaked, and some was lost to soil moisture and
groundwater.
At one particular location the river channel also lost some water permanently by leakage over to a
neighbouring river, draining to Sweden. The loss here is estimated to have been 65 m'/s at the most.
The most important routing error, however, is connected to the reversing of the flow in a small
tributary to the main river. In this way a rather large lake in this subcatchment was acting as
dampening reservoir for as much as 13 days. At most the discharge in the wrong direction, out of
the river channel, was appr. 450 m'/s.

Discharge rating curves with significant uncertainties for large water levels were a complicating
factor during the forecasting of the flood in 1995. In Norway, as in many other countries, it is
common to have physical discharge measurements not significantly higher than 50 % of the highest
observed flood peak. During the flood of 1995 the Swedish Meteorological and Hydrologcal
Institute (SMHI) was engaged to perform measurements of high flood discharges by use of ADCPtechniques (ADC=Acoustic
Doppler Current Profiler).
During the rising stage of the flood, for obvious reasons, the old rating curves were used as a basis
for forecasting. As soon as the results of the new measurements were available, these were used to
estimate, as correctly as possible, the magnitude of the discharges in the river basin. At one
particular gauging station, the discharge values had to be reduced with as much as 650 m'ls or 17
as a consequence of the ADCP-measurements (figure 3). Later on, after a critical evaluation by
SMHI and the American producer of the measuring equipment, these ADCP-measurements were
increased again at some locations.
Such discharges in error can influence the forecasts in two ways. The most obvious one is that
erronous discharges that are routed further on will produce similar errors downstream. The other
one is that errors in the basis for model updating can influence the model conditions as to
overestimate or underestimate forecasted discharges. Such updating of model conditions was made
automatically during the 1995-flood, by comparing simulated and observed discharges.

6. RESULTS AND CONCLUSIONS
The main goal of the performed analysis has been to identify the main contributors to the forecast
errors during the 1995 flood. The analysis has shown that the relative importance of different error
sources vary from forecast to forecast and between the upper and the lower parts of the river basin.
The preliminary results are therefore only presented in simplified form in the following table,
showing the average relative contribution to the errors of 4 individual forecasts from different error
sources:
Error source
Meteorological forecasts
Rainfall-runoff models
Routing models
Rating curves

U

er river reaches

25
75 %
0%

0 t%

Lower river reaches
15 %
10 %
50 %

25

As a conclusion of this work one can state that the accuracy of the meteorological forecasts has
significant influence on the accuracy of the flood forecasts, but they did not make a major
contribution to the total forecast error in 1995. The influence of errors in the rainfall-runoff models
were significant in the upper reaches but of less importance further downstream. It is not fully

understood if the explanation of this error is the result of overestimated snow storages, the
updating of the models based on erronous discharge data or other discrepancies in the models. The
most important error source for the lower reaches was the effect of temporary loss of water due to
flooding of the flood plains and reversing of the flow from tributaries. For these reaches errors in
the discharge rating curves also played a significant role.
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Water levels in Lake Mjøsa 1995
Alternative model-scenarios at 16 May
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Fig 1. Water level scenarios for Lake Mjøsa produced 16 May 1995

Forecasted and observed water levels in Lake Øyeren 1995
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Fig 2. Observed and forecast ed water levels for Lake Øyeren.

Old rating curve for Elverum and new
ADCP-measurements during the flood of 1995
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