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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

• Skaderisikoanalyse

• Tettsteder
Flomdemping, flomvern og flomhandtering

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 Landbrukshøgskole (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) og 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 instituuons.
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 Universityof
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:
Notatet tar opp mulige effekter av klimaendringer på flomforholdene i nordiske hydrologiske regimer,
altså regimer hvor snø spiller en viktig rolle. Simuleringer utført i forbindelsemed the nordiske
prosjektet «Climate Change and Energy Production» er beskrevet, og resultatene oppsummerte.
Hvorvidt flommen på Østlandet i 1995 kan ha sammenheng med klimaendringer diskuteres. Videre
berøres problemet med økt usikkerhet - man kan ikke lenger gå ut fra at historiske data og statistikk
heskriver framtidens flomregimer, knapt nok dagens situasjon. Denne økte usikkerheten er det mest
relevante innflytelsen av klimaendringer på dagens beslutningssituasjon.

ABSTRACT:
The note discusses aspects of possible impacts of climate change on flood conditions in Nordic
hydrological regimes, i.e. regimes strongly influenced by snow accumulation and melt. Hydrological
simulations carried out under the Nordic project «Climate Change and Energy Production» are
descrihed, and the results summarized and discussed. The question of whether the flood in East
Norway in 1995 can be related to anthropogenic induced climate change is also discussed. The
consequences of increased uncertainty is commented on - it can no longer be taken for granted that
historical records and statistics based on such data represent future conditions. This aspect of increased
uncertainty is at present the most relevant effect of climate change to be considered in decision
making.
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General issues

All climate change scenarios and predictions are very uncertain when it comes to extreme situations,
floods are no exception to this rule. There are no clear indications from GCM simulations or analyses
of these whether climate change will result in increased precipitation intensities, but there is a risk
that climate change may introduce increased variability and more extreme situations. What is certain,
is that any general trend of climate change will change the extremes as well as the average values, so
it is fairly safe to assume that flood frequency is bound to change, but less easy to predict in what
direction.
Generally, a warmer atmosphere has the capacity to hold more precipitable water, and thus should
also have the capability of producing more intense precipitation. Flood characteristics are however
not only influenced by precipitation- soil moisture content, which is strongly affected by
evapotranspiration, is another factor, and in high latitude and mountain areas the snow regime is of
great importance. The influence of snow is through two effects:
•

snow melt floods are a combined effect of winter precipitation accumulation and
meteorological conditions during the snow melt period

•

reduction of the length of the period with snow fall and snow covered ground increases
the length of the rain flood season - and flood statistics is a combination of precipitation
statistics and the probability of the precipitation falling as rain and on the catchment in a
critical state (high soil moisture content)

The first effect tends to reduce the spring flood, the second effect to increase the autumn/winter rain
and combined rain/melt floods. In the Nordic hydrolological regimes, the flood characteristics can
thus change quite dramatically even without changes in precipitation statistics. These changes are
fairly well simulated by tools like the HBV model.
Another important aspect is that climate change invalidates to some extent the conditions for use of
flood frequency analysis on historical data. The basic assumption in these approaches is that the past.
the observed data set, is representative of the future.
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Hydrological simulation

In a Nordic project (Sælthun et al. 1998), Climate Change and Energy Production, hydrological
scenario simulations have been carried out for 25 catchments ranging from 30 to 8700 km in area,
from 10 to almost 2500 m a.s.l. in elevation, up to 12-13 % in lake coverage and up to 51 % in
glacier coverage. The area covered by the study include catchments in Greenland, Iceland,
Spitzbergen, Norway, Denmark, Sweden and Finland. The project scenario for temperature and
precipitation changes was applied for baseline + 30 years, + 60 years and + 100 years. The baseline is
regarded as corresponding to the year 1990. A zero precipitation change alternative was also run to
give an indication of the variation range in possible hydrological consequences.

The simulation tool was a version of the HBV model (Bergstrom 1992), modified to better cater for
climate change effects (Sælthun 1996). The scenario specifies a warming rate of 0.3°C per decade
(0.35°C per decade in winter and 0.25°C per decade in summer) for the western part of the area,
increasing to 0.45°C per decade (0.6°C per decade in winter and 0.3°C per decade in summer) in
Finland, northern Norway and Sweden. A sinusoidal variation with time between the summer and
winter values is assumed. This temperature scenario is roughly in agreement with an average of four
different coupled ocean-atmosphere GCMs in the Nordic region, except that the west-east gradient
in the summer warming is slightly less in the scenario than in the GCM average.
The precipitation scenario is more problematic than the temperature scenario. The statistically
downscaled information is very uncertain, the signal is on the same order of magnitude as the
uncertainty. The same uncertainty concerning a regional precipitation response can be found in the
comparison between different models in the IPCC reports (IPCC 1990; IPCC 1996). It appears
likely that an overall increase in troposphere temperature will lead to an increased precipitation,
especially in regions where the relative importance of orographic precipitation is high. This is due to
the increased moisture content and moisture transport in the atmosphere which is likely to be
associated with the higher temperatures if the relative humidity of the air does not change.
Precipitation changes in Finland and northernmost Sweden are computed using relatively low values
of the ratio of precipitation increase to wanning (3-4% per °C). In the North Atlantic and western
Norway higher values (5-6% per °C) are used, due to the importance of orographic precipitation.
This approach is supported by the results of the statistical downscaling. Due to the higher winter
warming implied by the temperature scenario, the precipitation increase is larger in winter than in
summer, in line with GCM results and the precipitation scenarios which have been derived in the
Finnish SILMU project.
The scenario specifies an accumulated increase in precipitation of 1.5% per decade in Iceland and the
Faeroe Islands ( 1.75% per decade in winter and 1.25% per decade in summer). In the western part
of Norway the corresponding numbers are 2.0% per decade (2.5% per decade in winter and 1.5%
per decade in summer). For central Scandinavia and Nuuk/Godthb the scenario specifies an
accumulated increase in precipitation of 1.5% per decade (2.0% per decade in winter and 1.0% per
decade in summer). A sinusoidal variation with time between the summer and winter values is
assumed.
The simulations for the 25 catchments yield long series of daily data, and these are suited for flood
frequency analysis. When analysing these results, it is, however, important to keep in mind that a
fairly subjective choice of strategy for adjusting the precipitation amount has been made. The number
of precipitation days and its seasonality has been kept unchanged, and all precipitation amounts have
been adjusted with the same factor. The precipitation extremes have thus been changed with the
same ratio as the average precipitation. Seen isolated, this is probably a high estimate of change of
precipitation intensity, as it is quite natural to expect also the number of precipitation events and
precipitation days to increase - this would point to a smaller increase in extremes than in average
values. Investigations of the historical variations of precipitation statistics for western Norway show
that even though most stations display a strong increase in precipitation in the last decades, the
number of precipitation days has increased nearly proportionally, and the extreme precipitation
statistics do not display any increase (F&rland 1993). The precipitation increase in this area is mainly
caused by a higher number of autumn and winter frontal passages. Other regions display different
relationships between annual precipitation and extreme precipitation.

Standard flood frequency anaysis has been carried out on the simulation results by Erichsen and
Slthun ( 1995). The Extreme Value type I distribution (Gumbel distribution) was used, estimated by
the moment method, with frequency factors depending on the data period, as described by Haan
( 1977). The data period was 30 years for series from Finland and Norway, 20 years for the series
from Sweden, and 15-25 years for the Iceland series.The analysis was carried out on a spring season
(Feb 1 - July 31), an autumn season (Aug 1- Jan 31 ), and on the whole year. Simulated series was
used for all analyses, even the data describing the present situation (control runs). In the
report(1995), results are presented for the mean flood and floods with return period 100 and 1000
years, for all seasons and scenarios. As could be expected, most series display a reduction in the
spring flood, due to less snow accumulation, and an increase of the autumn/winter floods. This
increase is to some extent caused by increased preciptation amounts, but mainly by the extended
flooding season in a warmer climate. This is demonstrated by Table 1, which shows the general
direction of change of the flood with I 000 year return period (Q1000), both for the main scenarios,
and for the scenarios with no precipitation change. As can be seen, several series show an increase in
Q 1000 even with no precipitation change.
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