






Focus on: 
the climate in the 20th century
Climate change is not something that we do not have to think about until the future but has already long begun. In

order to be able to estimate climatic trends to date, we must first investigate the data from the past. An investigation

of measurements over many years allows us to determine the natural range of fluctuation in weather data and possibly

identify a trend. Measured values from over 350 weather stations in Southern Germany were used for the KLIWA

Project.

THINGS ARE WARMING UP

The average air temperature in Southern
Germany rose by 0.5–1.2°C in the period
1931–2000. The greatest rise occurred as of
the 1990s. The mean monthly temperature
increase was most pronounced in the month
of December at 1.8–2.7°C, primarily in the
west and in low-lying areas up to 500m
above sea level. 

WHITE CHRISTMAS –
A CHILDHOOD MEMORY

Mild winters mean less snow. Here as well
there is a clearly recognisable trend shown
by the measurements over many years. In
the years from 1951/1952, the time in which
there was snow cover dropped by 30–40
percent, above all in low-lying areas up to
300m above sea level and in western parts
of the country. The corresponding figure for
moderate altitudes (300–800m above sea
level), was 10–20percent. It was only in
high-altitude locations that there was even
more snow than previously. Since snow is
nothing other than temporarily solidified
water, snow cover is an important factor
impacting on the water balance, e.g. water
flow in bodies of water.

DRY SUMMERS AND 
RAINY WINTERS 

The annual precipitation has remained appro-
ximately the same in most areas during the
period under investigation. However, the
distribution of precipitation has changed: the
winter six months have become damper and
the summer six months drier.

Precipitation has increased by up to 35per-
cent in many regions, above all in the winter-
time. The Black Forest and the north-eastern
area of the German State of Baden-Württem -
berg and Franconia and parts of the Bavarian
Forest in Bavaria have been affected by this
in particular.

LOW PRESSURE FROM THE WEST:
WEATHER THAT BRINGS RAIN

Increased precipitation in the wintertime is
attributable to the increase in certain general
weather situations over Europe. A time 
se ries analysis between 1881 and 1989 indi-
cated that the so-called zonal circulations
occur red more frequently, particularly in the
months of December and January. The gene-
ral weather situation that is most important
from a hydrological point of view is the "low
pressure from the west" that is driven by
high pressure in the Azores and low pressu-
re in Iceland. This air stream that extends
from the Atlantic to Western Europe fre-
quently brings with it copious precipitation -
generally in the form of rain in lowland areas
and on plains owing to milder maritime air.
Zonal general weather situations are, howe-
ver, also responsible for violent winter
storms. One sad example is the storm
named "Lothar" that occurred in December
1999 in Germany, that wrought a path of
destruction through Western Europe.

RAIN CAUSING FLOODING

Long-term measurements at selected river
level river gauges indicated that flood events
in the German States of Baden-Württemberg
and Bavaria have increased in the last 
30years, primarily in the winter months. 
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KLIWA – CHANGES 

IN THE 20TH CENTURY 3

Decline in mean duration of
snow cover in the period
1951/1952–1995/1996.
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AIR TEMPERATURE

DURATION OF SNOW COVER  

Mean temperature rise in
the month of December on a
long-term average between
1931 and 2000.

December
Trend T in °C

Relative trend in %

Duration of snow cover



WEATHER - A CONSE-
QUENCE OF CLIMATE

... but not only a conse-
quence of climate because
the nature of the earth's
surface also influences 
climate. Here are a few
examples:

Europe that is relatively 
warm in view of its 
latitude owes its mild 
climate to the Gulf 
Stream, a warm ocean 
current.

Snow and ice sheets 
ensure a cooler climate 
since they reflect sunlight.

Rain falling over forested 
areas generally evaporates
again whereas rain falling 
on sealed areas such as in
tons and cities mainly 
disappears down drains 
and flows through the 
sewage system into the 
nearest body of water.

Climatology instruments 

Almost all leading research institutes now assume that global climate change is occurring. Even fast and effective

measures to protect the climate will be unable to prevent the emerging process of climate change since the carbon

dioxide emitted into the atmosphere will still have an effect in 30–40 years time and will contribute to the warming

process. In addition, in view of the world's current thirst for energy, it is impossible to reduce emissions to zero since

more CO2 is produced each time combustion occurs.

WHAT IS THE TEMPERATURE
CURVE? GLOBAL CLIMATE MODELS

Even simply predicting the weather is fre-
quently difficult. All of us will certainly have
planned an excursion only to arrive in the
pouring rain while sunshine was forecast. A
reliable weather forecast with today's foreca-
sting resources can be made only for a maxi-
mum of 5 to 7days into the future. Long-
term forecasting of the earth's climate is an
incomparably more complex task since many
parameters and variables need to be allowed
for and these parameters and variables have
a mutual influence. This leads an immense
torrent of data and a computing effort that
can be coped with only by supercomputers.

Just like weather forecasting, global climate
models are based on an atmospheric model
but are supplemented by an oceanic model,
a snow and ice model and a vegetation
model since these factors have a substantial
impact on climate. The anthropogenic
influences (the "human factor") are allowed
for in the various IPCC scenarios.

For the purposes of global climate modelling,
the earth is split into a specific grid. The
computing power of today's computers 
currently allows a grid spacing of around 
250x250km2. Owing to the variability of the
factors, a global climate model is unable to
provide firm values but only a bandwidth in
which, for instance, the temperature or 
precipitation will vary. This is why we obtain 
statements such as those to the effect that 
global temperature will rise by 1.4–5.8°C
through to 2100.

THE DEVIL IS IN THE DETAILS - 
REGIONAL CLIMATE MODELS

The grid mesh width of a global climate
model is, of course, inadequate for a regional
climate forecast. Regional topographical
peculiarities such as small mountain ranges
or flood plains literally fall through the net.

Since there is still currently no optimum
method of elaborating regional climate sce-
narios from the global climate model, three
different methods of simulating the regional
climate were selected for KLIWA. This provi-
des a certain bandwidth of feasible trends
and comparison options.

Three methods for regional climate
modelling  

a statistical method
a statistical, dynamic method and
a regional, dynamic climate model

All three methods are based on the ECHAM
4 global climate model. The "human factor"
was included with the B2 emission scenario
- a continually increasing world population
that finds sustained local solutions to econo-
mic, social and environment problems. This
simulated the period 2021 to 2050. The
results obtained with the statistical, dynamic
method were then used for the rest of the
estimates. The changes in precipitation
occurrence with this method are shown 
adjacently for the summer six months and
the winter six months.
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MODEL-BASED 

CLIMATOLOGY 

Only minor differences in
the spatial distribution of the
change in precipitation can
be seen in the hydrological
summer six months. Largely
only minor reductions in 
precipitation occur.

By contrast, the annual total
precipitation will clearly
increase in the winter six
months. This will primarily
impact on the Black Forest,
the "Odenwald" mountain
chain, the "Spessart" hill
chain and the Rhön
Mountains. There will also
be more precipitation along
the River Danube

PERCENTAGE CHANGE IN MEAN TOTAL PRECIPITATION (MAY–OCTOBER) 
SCENARIO FUTURE VERSUS ACTUAL SITUATION

PERCENTAGE CHANGE IN MEAN TOTAL PRECIPITATION (NOVEMBER–APRIL)
SCENARIO FUTURE VERSUS ACTUAL SITUATION

Bodies of water (lakes)

Bodies of water (rivers)

Legend

German Federal States
Change in total precipitation [%]

Bodies of water (lakes)

Bodies of water (rivers)
German Federal States

Change in total precipitation [%]
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WATER BALANCE MODELS LEARN
FROM THE PAST HOW TO LOOK
INTO THE FUTURE   

Climate scenarios for the actual situation and
future scenarios were determined on the
basis of the meteorological and hydrological
measured data from the years 1951 to 2000
with all three methods. The quality of the
simulations was checked with the measured
data of 1971 to 2000, i.e. the simulation of
the actual situation was compared with the
actual weather data. This allowed systematic
errors of the global climate model to be com-
pensated for to a certain extent. The future
scenarios obtained in this way covered the
period 2021 to 2050.

In order to be able to supply precise regional
data, the German States of Baden-Württem -
berg and Bavaria were spilt into 33 investiga-
tion areas - primarily on the basis of topogra-
phical and water resources management
aspects. These areas were, in turn, combi-
ned into nine regions.

In order to estimate the impact of climate
change on the water balance, high-resolution
water balance models (WBMs) were elabora-
ted on the basis of a 1x1km2 grid for large
parts of the KLIWA area. For Baden-
Württemberg, these models are available on
a full-coverage basis. To date, water balance
models have been adapted for the catch-
ment areas to the north of the River Danube,
in particular the River Main area. Initially, this
focussed on investigating the intensification
in flood phenomena.

For this purpose, the results of the regional
climate scenarios were used as input data. A
water balance model allows all components
of the water balance to be calculated.

Components of the water balance

Precipitation
Water flow
Evaporation
Ground moisture
Groundwater recharge
Snow cover water equivalent
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Water balance models 
as an instrument for runoff forecasts
However, global and regional climate simulations cannot provide statements on the effects of climate change on water resources

management. This is why finely meshed water balance models must be fed with the results of the regional climate models in order

to determine the changes in the hydrological components of the natural water cycle, in particular the intensification in flood runoff

owing to global warming in Southern Germany.



WATER BALANCE 

MODELS 5

Water balance models are mathematical
computing methods to describe and quantify
the spatial ad time distribution of essential
components of the water balance such as
precipitation, evaporation, infiltration, water
storage and runoff. They help us to repre-
sent and assess the effects of changes in
the input components on the overall "water
balance" system. The following hydrological
sub-processes, among others, are described

1-SQ. KM GRID

in the water balance models with a grid-
based area resolution of 1x1sq.km: Leaf
wetting, evaporation, snow accumulation,
snow compaction and snow melt, ground-
water storage, surface storage and transport,
flow movement in channels and retention in
lakes. Neither must we forget the methods
for compensating for and converting meteo-
rological measured variables.

Arable land

Fallow land

Extensive grassland

Intensive grassland

Intensive fruit growing

Viticulture

Light settlement

Dense settlement

largely sealed areas

Wooded and forested areas

Deciduous forest

Mixed forest

Coniferous forest

unsealed areas

Wetland

Bodies of water
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Possible applications of water 
balance models

Estimate of the impact of environmental 
change, e.g. possible climate changes or 
changes in land occupancy, on the water 
balance (such as runoff, infiltration and 
evaporation).
Ongoing runoff forecast for low water, mean
water and flood in operation as a tool to 
improve low water resources management 
and to improve precautions against flood.
Regional investigations of the water balance 
on the basis of river catchment 
areas as defined by the EU 
Water Framework Directive.
Forecasts and scenarios for 
water resources development 
planning.
Provision of hydrological input parameters 
for water resources quality models and 
groundwater models (e.g. for heat and 
oxygen balance and groundwater recharge 
etc.).

Water balance models are available for the 
entire area in the German State of Baden-
Württemberg. They have been calibrated on the
basis of diurnal values and can consequently be
used for forecasting and scenario calculations.
To date, models are available for the Main
region and the northern tributaries of the River
Danube in the German State of Bavaria.
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Tomorrow's climate – 
future scenarios 2021–2050
The results of the three methods for regional climate modelling do, admittedly, differ in a number of places but the

trend is the same. The figures determined were compared, checked for plausibility and summarised to form regional

climate scenarios.

HOTTER AND LESS ICE

The climate situations indicate that the tem-
perature will increase by 1.7°C on average
through to 2050. In summer, the mean day-
time temperature will rise by 1.4°C and will
be 15°C. In the wintertime, the temperature
increase is higher (from 2°C to 4.5°C). The
temperature will rise most greatly in the
months of December to February. In this
context, it is worthy of mention that this will
cause more rain and less snow to fall. Con -
sequently, minor and moderate floods may
occur to a greater extent in the wintertime.

The number of summer days (days over 
25°C) will increase greatly at all climate loca-
tions by comparison with the present day.
The number of hot days (over 30°C) will 
double virtually everywhere. By contrast,
there will be less days following nights of
subzero temperature (lowest temperature
below 0°C) and less days of subzero tempe-
rature (continuous frost). The latter will gene-
rally halve. What is referred to as the "Ice
Saints" in German folklore (the name given
to St. Mamertus, St. Pancras and St. Serba -
tus - frequently considered to be the begin-
ning of colder weather in the northern hemi -
sphere) will move forward: the last "late
frost" will come earlier, and tomatoes will be
able to be planted up to two weeks earlier in
many regions. 

MORE PRECIPITATION IN 
THE WINTER MONTHS 

The higher the air temperature, the greater
the evaporation of water. This, in turn,
impacts substantially on precipitation beha-
viour.
During the simulation period, the established
trend with damper winters and drier sum-
mers will continue.

However, while it will rain up to 10percent
less in the summertime by comparison with
the present day, there will be far more preci-
pitation in the wintertime - in many regions
up to 35percent more. Most of this precipita-
tion will fall in the regions under investigation
in the west. The absolute front-runner as far
as precipitation goes will be the Black
Forest.
In addition, days with heavy precipitation
(over 25mm) will increase substantially in 
the wintertime, and the number of such
days will double at many measurement sta-
tions. By contrast, there will be more days
on which there is absolutely no precipitation:
periods of drought in the summertime will
be longer.

CONTINUED WESTERLY 
WEATHER CONDITIONS

The westerly weather conditions that bring
substantial precipitation, in particular the
cyclonal westerly situation (WZ), will deter-
mine our weather in the winter six months
more frequently in future as well. This will
increase the probability of flood incidents.

UPSHOT:
THE TREND WILL CONTINUE

It will become warmer, primarily in the 
wintertime. 
Summers will be somewhat drier but, by 
contrast, winters will be substantially 
damper. 
The westerly weather situations that can 
bring higher precipitation will increase. 
From this, it can be seen that risk of 
flooding will increase in the winter six 
months. Moderate floods above all will 
increase since the snow cover may build 
up and thaw several times in future 
milder winters. 

Extreme summer of 2003:
Heat wave (areas marked in red)
in Europe
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KLIWA –

TOMORROW'S CLIMATE 6

TUSCANY IN GERMANY'S
BADEN REGION? HERE IS AN
EXAMPLE FOR KARLSRUHE 
The mean average temperature that
was around 15.1°C in the period
1971–2000 will be 17.4°C in the future
scenario. Instead of 16 hot days, there
will be 32. This means that, in view of
an increase in air temperature of
around 2.3°C, the probability of the
occurrence of temperatures over 30°C
will double. By contrast, there will only
be four days with continual frost inste-
ad of the previous eleven.

BAVARIAN WINTERS
Even in the mountains, there will be
less of a freeze - the "Zugspitze",
Germany's highest mountain, will have
less than 180 days of frost. The figure
was just under 210 per year to date.
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Days of frost Tmax. < 0°C

Mean values, actual situation 1971–2000

Mean values, future 2021–2050

Mean values, actual situation 1971–2000

Mean values, future 2021–2050



Protection with the 
"flexible and no regret" strategy
Even if the model chain of global models - regional models - water balance models is still characterised by some

uncertainties, the results indicate that flood events can be anticipated to a greater extent in future. Consequently, a

flood adjustment strategy has been developed in order to be on the safe side. Adjustment does not mean that metre-

high embankments will now be constructed everywhere on new buildings. Rather, the aim is to stave off the conse-

quences of the anticipated climate change by measures that are appropriate in the long term and that can be adap-

ted at relatively low cost.

ALLOWING FOR CLIMATE CHANGE:
THE CLIMATE-CHANGE FACTOR

Value HQ100 is frequently taken as a basis
when planning flood defence installations.
HQ100 is the flood runoff that, viewed stati-
stically, occurs once every 100years. The
structures designed on the basis of this
value are consequently intended to avert a
"flood of the century". Simulations of the
water balance models for the catchment
areas in Baden-Württemberg and Bavaria
indicate that the flood runoff figures will
increase at virtually all gauging stations, parti-
cularly in the wintertime. Consequently the
effects of climate change have been allowed
for by a climate-change factor when desi-
gning new water resources management
flood defence systems in both German
States, Baden-Württemberg and Bavaria.

For the River Neckar for instance, it has
been determined that water flow will increa-
se for a flood of the century (HQ100) by 
15percent through to 2050.
Consequently, from now on, the value HQ100
is to be multiplied by the climate factor 1.15,
i.e. the installations will be rated for a 15 per-
cent higher runoff or planned in such a man-
ner that they can be upgraded if necessary.

VARIOUS CLIMATIC CONSEQUEN-
CES AND CLIMATE FACTORS

By now, all catchment areas in the State of
Baden-Württemberg have been examined.
The regional differences in relation to climate
change also influence the anticipated flood
runoff figures.

For instance, a climate-change factor of 1.25
was determined for the area of the Upper
Danube. Minor and moderate floods will also
increase. The runoff HQ5 for a flood event
that today occurs around every five years will
increase by 67 percent in the Upper Danube.
Consequently, for the future, the HQ5 value
of the Upper Danube must be multiplied by
the climate change factor 1.67. The climate
change factor on the Upper Rhine for HQ5
for instance is 1.45, and it is lowest, at 1.24,
in the catchment area of Upper Swabia -
Lake Constance.

In Bavaria, a climate change factor has also
been introduced, as a global factor of 15per-
cent, for the statistical value of HQ100 on the
basis of the investigation results at the time.
This means that, even at this early point, the
anticipated impact of climate change is gene-
rally being allowed for when planning new,
government-financed flood defence measu-
res. The basis for the climate change factor
will be further developed on the basis of 
further investigations. This may also lead to 
a regional adaptation.

WHAT DOES THIS MEAN IN 
PRACTICE?

Example - flood barrier: the barrier will 
be constructed as planned, but a strip will 
be kept free on the outer side so that the 
dam can be increased in height easily if 
necessary.
Example - bridge: when planning a bridge,
the regional climate-change factor is also
allowed for since subsequent adaptation is
hardly possible.
Example - embankment: in the case of a
new embankment, the structure is designed
to be increased in height subsequently if
necessary with no difficulties. 
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New HQ100 value for the River Neckar:
HQ100 (new) =1,15 x HQ100(old) 



ADJUSTMENT STRATEGIES 

FOR THE FUTURE 7

OUTLOOK

To date, KLIWA has primarily dealt with the
problems relating to flooding. However, cli-
mate change will have other effects on the
water balance. The forecast drier and war-
mer summers may bring with them periods
of drought and consequently cause problems
for farmers and inland waterway transport.
The changed precipitation distribution will
also impact on groundwater recharge and
power station cooling, a factor that is impor-
tant for the power industry. One other rela-
ted topic is the trend in short-term precipita-
tion (thunderstorms) bringing a great deal of
water in a very short time and consequently
causing local flooding to a greater extent.
This is important for municipal drainage net-
works for instance. 

The KLIWA Project that has been realised
together with the German Meteorological
Office (DWD) has given the German States
of Baden-Württemberg and Bavaria an impor-
tant instrument for identifying the need for
adjustment measures and consequently
ameliorating the effects of climate change on
a regional scale.
But generally boosting climate protection
measures in order to cut greenhouse gas
emissions is just as important as adjusting
flood defence measures. Even though the
temperature rise will continue for the time
being even if we were to stop emissions
immediately, owing to inertia of the climatic
system, each individual can still make a con-
tribution towards preventing those who
come after us from having to battle even
greater problems.

CLIMATE CHANGE FACTORS IN BADEN-WÜRTTEMBERG

Climate-change factors f(T,K)

1 2 3 4 5

2 1,25 1,50 1,75 1,50 1,75

5 1,24 1,45 1,65 1,45 1,67

10 1,23 1,40 1,55 1,43 1,60

20 1,21 1,33 1,42 1,40 1,50

50 1,18 1,23 1,25 1,31 1,35 

100 1,15 1,15 1,15 1,25 1,25

200 1,12 1,08 1,07 1,18 1,15

500 1,06 1,03 1,00 1,08 1,05

1000 1,00 1,00 1,00 1,00 1,00

Note: The factor is 1.0 for the repetition periods T > 1000 years

T (years)
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German State border
Catchment areas

Areas
No information available 
(High and Upper Rhine)




