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1. Introduction

Inland water volumes and, thereby, dam safety and flood risk are affected by changes
in mean and maximum precipitation amounts and by temperature-related changesin
melting and evaporation. In order to examine the implications of future climate
change for design precipitation and, hence, for dam safety, projections of precipitation
and temperature in Finland up to the end of this century were evaluated on the basis of
the HadCM2 (Fig. 1) and other climate model simulations (Tuomenvirta et al., 2000).

2. Present-day precipitation: comparisons

At first, however, 1-, 5- and 14-day precipitation observationsin Finland in 1969-98
were compared with HadCM 2-GGal simulations for 1961-90. As an example, Fig. 2
presents the Jan-Feb and Jul-Aug frequency distributions of 5-day grid box
precipitation in the area shown in Fig. 1 by red. On the whole, the observed and
modelled distributions are rather ssimilar, but some deviations may be found,
including:

- too few simulated periods of intensive rain in July-Aug,

- too few simulated dry periodsin all seasons except of July-Aug,

- underestimate of snow in observations due to measurement errors.

3. Changesin monthly precipitation and temperature

Central estimates of monthly mean temperature and precipitation changes in Finland
from 1961-99 to 2070-2099, based on HadCM2 simulations with 1S92a greenhouse
gas emissions, are shown in Fig. 3 together with low and high estimates of these
changes.

Following the practice of Hulme and Carter (1999), the extreme estimates for Finland
in Fig. 3 were constructed from the changes calculated from eight climate model
simulations* under different emission scenarios and climate sensitivities. The lowest
(highest) values per month were then selected.

Compared to the predicted changes in monthly mean temperature, the precipitation
changes are less clearly distinguishable from the natural variability of unforced
climate system (denoted by 2 STD in Fig. 3). According to the low scenario in Fig.
3a, summertime precipitation amounts may even decrease in the future. In winter, the
proportion of liquid precipitation is likely to increase.

*CGCM1, CSIRO-Mk2, ECHAM4, GFDL-R15, 4 x HadCM2 (GGal-GGa4)



4. Return period

A criterion for the so-called design precipitation total, a quantity used in dam safety
activities, isthat it should have areturn period of 10,000 years. Thereturn periodisa
statistical parameter, and the probability that the design precipitation will be exceeded
in the target region (e.g., a catchment) increases aong with the time period considered
(Table 1).

5. Changesin heavy precipitation

30- year data of maximum 1-, 5- and 14-day precipitation totals for the periods 1961-
90 and 2070-99, as ssimulated by the HadCM 2-GGal model, were analysed using an
empirical formulafor the return period and the Gumbel distribution of extreme
values.

The results (see Fig. 4 for Jan-Feb) indicate that
- moderate maximum totals have shorter return periods than very large
precipitation totals (as can be expected),
- for agiven return period, the 1-day maximum totals are about 1/2 and 1/3 of
the 5- and 14-day values, respectively,
- inmost grid boxes, the frequency and intensity of heavy precipitation events
are predicted to increase during this century.

The changesin precipitation extremes are likely to be largest in the period from
January to June. Thisisrevealed by Fig. 5 which shows the predicted mean changes
of 1-, 5 and 14-day grid box precipitation totals exceeded once in 10 000 years.

6. Discussion

For the sake of comparison, the green curvein Fig. 3a, representing a central scenario
for monthly mean precipitation change is a'so shown in Fig. 5.

According to the model simulations, the highest increase in heavy precipitation totals
will take place in March-April, during a period of only moderate changes in monthly
precipitation amounts.

An explanation might be the occurrence of convective rains (high peaks but rather
low monthly accumulations) already in spring owing to the increasesin air
temperature (Fig. 3b).

Asregards dam safety and flood risk, it was inferred that
- design precipitation within agrid box of about 50,000 km2 should be raised
35-65% by the end of this century compared to 1961-1990.
- enhanced convective activity in spring-summer may imply a 50-85% increase
in the design precipitation within areas considerably smaller than the grid box.
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Figure captions

Fig. 1. HadCM2 grid boxes. Finland = dark grey, land boxes = light grey, sea boxes =
white. The outermost boxes were not included in the study.

Fig. 2. Winter- and summertime frequency distributions of 5-day precipitation in 12
grid boxes (red square in Fig. 1) according to HadCM2-GGal simulations for 1961-
90 (grey bars) and the areal precipitation totals according to observationsin 1969-98
(white bars).

Fig. 3. Three scenarios of monthly mean @) precipitation and b) temperature change
from the period 1961-90 to the period 2070-99 in Finland. The +2 standard deviation
limits of 30-year mean anomaliesin the climate of the 1400-year HadCM2 control
simulation is marked (2 STD).

Fig. 4. HadCM2 (GGal simulation) maximum 1-, 5- and 14-day precipitation totalsin
12 grid boxes (red square in Fig. 1) as afunction of the return period for Jan-Feb in
1961-90 (dotstfitted solid lines) and in 2070-99 (crosses+fitted dashed lines).

Fig. 5 Monthly variation of mean changes of 1-, 5- and 14-day grid box precipitation
totals having areturn period of 10,000 years (see Fig. 5) . The changes of monthly
mean precipitation in the HadCM2-1S92a simulation (Fig. 3) are also given.



Table 1. Probability (%) of design precipitation being exceeded during return period
as afunction of the time interval considered.

Return Design life of dam (yr)
period (yr) 10 100 1000
10 65 100 100
100 10 63 100
1 000 1 10 63
10 000 0.1 1 10
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Fig. 1. HadCM2 grid boxes. Finland = dark grey, land boxes = light grey, sea boxes =
white. The outermost boxes were not included in the study.
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Fig. 2. Winter- and summertime frequency distributions of 5-day precipitation in 12
grid boxes (red square in Fig. 1) according to HadCM2-GGal simulations for 1961-
90 (grey bars) and the areal precipitation totals according to observationsin 1969-98
(white bars).
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Fig. 3. Three scenarios of monthly mean a) precipitation and b) temperature change
from the period 1961-90 to the period 2070-99 in Finland. The +2 standard deviation
limits of 30-year mean anomalies in the climate of the 1400-year HadCM 2 control
simulation ismarked (2 STD).
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Fig. 4. HadCM2 (GGal simulation) maximum 1-, 5- and 14-day precipitation totalsin
12 grid boxes (red square in Fig. 1) as a function of the return period for Jan-Feb in
1961-90 (dots+fitted solid lines) and in 2070-99 (crosses+fitted dashed lines).



Heavy and mean precipitation changes for 2070-99
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Fig. 5 Monthly variation of mean changes of 1-, 5- and 14-day grid box precipitation
totals having areturn period of 10,000 years (see Fig. 5) . The changes of monthly
mean precipitation in the HadCM 2-1S92a simulation (Fig. 3) are also given.



