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A Figure captions in English

Figure 1. A schematic presentation of sources of uncertainty in the climate change projections
with variable time-scale. The horizontal axis represents the time, the vertical axis changes
in a climate variable (temperature, precipitation etc.). Past variations are depicted by a red
curve. Coloured bands represent uncertainty in the future projection due to various factors;
natural variability in the climate system (grey), differences among the various models (green)
and uncertainty in future greenhouse gas concentrations (orange). Note that the quantitative
contributions of each factor varies significantly. The contribution from natural variability, for
instance, is less important for large spatial and temporal scales. On the other hand, the fraction
of natural variability is larger for precipitation than for temperature.

Figure 2. A comparison of the two methods of calculating temperature (left panel) and precipi-
tation (right panel) change from 1971–2000 to 2020–2049, averaged over Finland. Probability
distribution for the change estimated by method A (resampling) is shown in red, the corres-
ponding distribution produced by method B (where the contribution from natural variability is
minimized) in grey. The lower end of each column corresponds to the 5%, the upper end the
95% point of the probability distribution. The 25th, 50th and 75th percentiles are denoted by
black lines. The pairs of columns from left to right represent the four 3-month seasons: Dec–
Feb (JOU–HEL), Mar-May (MAA–TOU), Jun-Aug (KES–ELO) and Sep–Nov (SYY–MAR).

Figure 3. (a) 20-year and (b) 50-year return level estimates of daily minimum temperature in
February. (c) 20-year and (d) 50-year return level estimates of daily maximum temperature in
July. The locations of the observing stations are marked with red dots, and the colored squares
indicate the return levels (in ◦C). The best estimate is shown by the colour of the middle square,
and the 95% confidence intervals by the left and right hand side squares. See legend.

Figure 4. Same as Figure 3 except for the 20-year return level estimates (in days) of cold
spells (left; number of consecutive days with minimum temperature below -20◦C) and hot
spells (right; number of consecutive days with maximum temperature above 25◦C).

Figure 5. The annual maximum temperature at the Helsinki Kaisaniemi station for 1853–2008
and the 20-year return level estimate, with 95 % confidence intervals, calculated using different
30-year periods.

Figure 6. (a) 20-year return level estimates, with 95 % confidence intervals, for daily (black)
and monthly (red) precipitation amounts based on observations at 12 stations. The stations
denoted here by numbers can be identified using Appendix 1. (b) The variation of 50-year
return level estimates of precipitation amounts for daily, five days, 14 days and 30 days among
the 12 stations. Shown are (from bottom to top) the minimum, the 1st quartile, the median, the
3rd quartile and the maximum.

Figure 7. (a) 20-year return level estimates, with 95 % confidence intervals, for the length
of periods when the precipitation sum of consecutive days is less than, or equal to, 10 mm
(black) or 100 mm (red), based on observations at 12 stations shown in Appendix 1. (b) The
variation of 50-year return level estimates of the length of periods when the precipitation sum
of consecutive days is less or equal to 10, 25, 50 or 100 mm among the 12 stations. Shown
are (from bottom to top) the minimum, the 1st quartile, the median, the 3rd quartile and the
maximum.
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Figure 8. Projected warming (in ◦C) from 1971–2000 to 2070–2099 over Europe and Northern
Atlantic Ocean under the A1B greenhouse gas scenario taken from an average of the responses
simulated by 19 global climate models. The upper panel depicts the annual mean, the middle
panel December–February, and the lower panel June–August.

Figure 9. Projected precipitation change (in %) from 1971–2000 to 2070–2099. For further
information, see caption for Figure 8.

Figure 10. Projections for (a) the annual mean temperature and (b) the precipitation change
for the period 2000–2100, relative to the mean of the reference period 1971–2000. The curves
depict 11 year running means, averaged over Finland and the responses of 19 global climate
models. Projections are given separately for the three greenhouse gas scenarios (A2, A1B and
B1).

Figure 11. Probabilistic forecasts of annual mean temperature change in (a) southern (60◦N,
25◦E) and (b) northern (67.5◦N, 27.5◦E) Finland, decade by decade to the year 2050. The
changes are expressed as differences from the mean value for the period 1971–2000. The box-
whisker plots show the 5th, 10th, 25th, 50th, 75th, 90th and 95th percentiles of the distribu-
tions. The two rows of numbers in the bottom give the medians of the estimated probability
distributions (in ◦C) and the probability of temperature increase relative to 1971–2000 (in per
cent).

Figure 12. Probabilistic forecasts of annual mean precipitation change in (a) southern (60◦N,
25◦E) and (b) northern (67.5◦N, 27.5◦E) Finland, decade by decade to the year 2050. The chan-
ges are expressed as percentage differences from the mean value of the period 1971–2000. The
box-whisker plots show the 5th, 10th, 25th, 50th, 75th, 90th and 95th percentiles of the distri-
butions. The two rows of numbers in the bottom give the medians of the estimated probability
distributions (in per cent of the mean precipitation in 1971–2000) and the probability of preci-
pitation increase.

Figure 13. Probability distributions for the projected changes of temperature (in ◦C, left pa-
nels) and precipitation (in %, right panels) over Finland. The panels from top to bottom depict
the periods 2010–2039, 2040–2069 and 2070–2099, relative to the reference period 1971–
2000. The projections are based on the simulations performed with 19 global climate models,
with the A1B, A2 and B1 greenhouse gas scenarios considered equally likely. The lower end
of each column corresponds to the 5%, the upper end the 95% point of the distribution. The
25th, 50th and 75th percentiles are denoted by black lines. Responses are given separately for
each calendar month (T=January, H=February etc.). The monthly percentiles have been made
commensurable with the 3-month seasonal probability distributions.

Figure 14. Projected changes in the annual mean temperature (left panel) and precipitation
(right panel) in Finland for four tridecadal future periods, with reference to the mean of 1971–
2000. In each column, percentiles from the bottom to the top are: 5%, 10%, 25%, 50%, 75%,
90% and 95%. The projections are based on the simulations performed with 19 global climate
models, with the A1B, A2 and B1 greenhouse gas scenarios considered equally likely.

Figure 15. Mean temperatures (in ◦C) for July (upper panels) and February (lower panels) in
Finland for the periods 1971–2000 (left column), 2020–2049 (middle column) and 2070–2099
(right column). For 1971-2000, mean temperatures are derived purely from observations. For
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the future periods, the model-based best estimate of temperature increase is added to the ob-
servational temperatures. Equal weight is given for every one of the 19 global climate models,
and the A1B, A2 and B1 greenhouse gas scenarios are considered equally likely.

Figure 16. Mean precipitations (in mm/month) for July (upper panels) and February (lower
panels) in Finland for the periods 1971–2000 (left column), 2020–2049 (middle column) and
2070–2099 (right column). For 1971–2000, mean precipitation is derived from observations.
For the future periods, observational precipitation is multiplied by the model-based best esti-
mate of relative precipitation change. For further information, see caption for Figure 15.

Figure 17. Projected changes in the duration of thermal seasons (in days) from 1971–2000
to 2070–2099 under the A1B scenario: spring (top left), summer (top right), autumn (bottom
left) and winter (bottom right). Temperature increase corresponds to a mean of the simulations
performed with 19 global climate models. Contour interval is 5 days for summer and 10 days
for the other seasons. Note a different colour scale in the panel for winter. In coastal areas to
the west and south of the black bold contour depicted in the panel for winter, thermal winter
disappears by 2070–2099.

Figure 18. Projected changes in the length of the thermal growing season from 1971–2000 to
2070–2099 under the A1B scenario. Contour interval is 5 days.

Figure 19. Projected changes in daily minimum (left) and maximum (right) temperatures
in Finland in winter (top) and summer (bottom) versus changes in mean temperature from
1971–2000 to 2070–2099. The diagonals divide the scatter plots into two parts; in the upper
part changes in daily extremes are larger than changes in daily means and vice versa in the
lower part. The red symbols depict regional climate model projections under the A2 scenario,
the blue ones under the B2 scenario. A majority of the projections (small triangles pointing
downwards) were driven by lateral boundary conditions from global model experiments by the
HadAM3H model. A few simulations used downscaled experiments by the HadAM3P model
(small triangles pointing upwards) and a few those by the ECHAM4/OPYC3 model. Horizon-
tal bars below the diagrams show the 5–95 % uncertainty ranges of the mean temperature
changes and the tick the median estimate, as derived from the global model simulations (see
Appendix 10).

Figure 20. (a) Annual number of frost days and (b) annual number and December-February
number of freezing point days based on observations in 1971–2000. Mean, maximum and
minimum values are given. For more information on the weather stations numbered as 1–12,
see Appendix 1.

Figure 21. Projections for percentage changes in (a) the annual number of frost days, (b) the
frost-season (defined as the number of days between the first frost in autumn and the last frost
in spring), and (c) the annual number of freezing point days in Northern European land areas
for the period 2071–2100, relative to the mean of the period 1961–1990. The projections are
based on simulations performed with seven regional global climate models, driven by lateral
boundary conditions from the HadAM3H global model under the A2 forcing scenario. Contour
interval is 10 %.

Figure 22. Projections for percentage changes in the average liquid water content of snow
(a) in central Finland (62.25◦N, 25.75◦E) and (b) in Lapland (67.25◦N, 26.25◦E) in Novem-
ber (black), December (red), January (blue) and March (green) under the A2 forcing. The
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curves depict 30 year running means, averaged over responses of 17 global climate models.
The symbols show model-means based on regional climate model simulations for the period
2070–2099 (triangles show boundary forcing from HadAM3H; circles, boundary forcing from
ECHAM4/OPYC3). The reference period for all the projections is 1971–2000 (the curves for
February were close to those for March, and those for April to December).

Figure 23. Projections for percentage changes in the average (left) and annual maximum
(middle) liquid water content of snow, and in the number of snow cover days (right), in Nort-
hern European land areas under the A2 forcing scenario for the period 2071–2100, relative to
the mean of the period 1961–1990. The projections on the top row are based on simulations
performed with six regional global climate models, driven by lateral boundary conditions from
the HadAM3H global model. Those on the bottom row are based on simulations performed
with three regional global climate models, driven by lateral boundary conditions from the EC-
HAM4/OPYC3 global model. Contour interval is 10 %.

Figure 24. Projected percentage changes in December–February mean number of days with
more than 1 mm precipitation (left), maximum one-day precipitation amount (middle), and
mean number of consecutive dry days (right) from 1961–1990 to 2071–2100. The maps depict
multi-model mean changes based on seven (top) or three (bottom) regional climate models,
driven by lateral boundary conditions from HadAM3H (top) or ECHAM4/OPYC3 (bottom)
under the A2 forcing scenario. In land areas shown by white the models disagree about the
sign of the change (see Fig. 25 for details). The contour interval is 10 %.

Figure 25. Same as Fig. 24 exceps for June-August. Three out of seven models disagree on
the sign of the change in white land areas (top row), and the sign of the change varies from
grid point to grid point according to at least two models in white land areas (bottom row).

Figure 26. Projected change (from 1971–2000 to 2070–2099) in the percentage total cloudi-
ness in Central Finland (62.25◦N, 26.25◦E) for each calendar month (1=January, 2=February,
etc.). A mean of 19 global climate models is shown, with the red curve representing the A2
and the green curve the B1 greenhouse gas scenario.

Figure 27. Distributions of (a) December and (b) March mean temperature in Helsinki. The
frequency distributions obtained directly from the observations for 1901–2005 are shown by
bars, and the continuous probability distributions fitted to these data are shown by blue solid
lines. Model-based estimates of the probability distributions for the actual present-day climate
are given by red dashed lines.

Figure 28. Same as Fig. 27 exceps for (a) December and (b) July precipitation sum.

Figure 29. Lowest wintertime minimum temperatures in Helsinki. (a) Observations in 1845–
2008 (with an effect of an urban heat island) and a linear trend fitted to the observations. (b)
Shifts in the probability density function (GEV distribution) of wintertime minimum tempera-
ture in Helsinki. Coloured curves depict distributions for winters 1899/1900 (blue), 1949/1950
(green) and 2007/2008 (red). If no trend in the temperature values are taken into account, the
resulting stationary distribution is that given by the black curve.

Figure 30. The 2–200 year return level estimates (corresponding to an annual probability of
occurrence of 0.5–50%) for wintertime minimum temperatures in Helsinki. (a) Return period
(probability) for minimum temperature colder than that given by the vertical axis. (b) Same
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as (a) but for minimum temperatures at the warmer tail of the distribution. Solid curves, see
caption for Fig. 29. Black dashed curves indicate the 95% confidence levels for return levels if
a warming trend is neglected. Note unequal scales in the vertical axes.

Figure 31. Projected changes in winter (left) and summer (right) mean temperature in northern
Finland (top) and southern Finland (bottom) during the this century. The green curve indicates
the best (median) estimate. The lower edge corresponds to the 5th percentile and the upper
edge to the 95th percentile. The estimates are based on about 20 global climate models. In
the first half of the century (red; uncertainty interval calculated by the resampling method, see
Räisänen and Ruokolainen (2006)) the emphasis is on natural variability, not in differences in
emission scenarios. In the latter half (blue; the contribution of natural variability minimized)
the A1B, A2 and B1 greenhouse gas scenarios are considered equally likely.

Figure 32. Estimated temporal evolution of the emissions (left panel) and atmospheric
concentration (right panel) of carbon dioxide under three SRES greenhouse gas scenarios. Ob-
served emissions and concentrations for years 2000–2007 are depicted as well. Figures for the
SRES scenarios are based on IPCC (2001) and the observed data are available for download
from the University of East Anglia and NOAA/ESRL.

Figure 33. Estimated temporal evolution of sulphur dioxide emissions (left panel) and the
atmospheric load of sulphate aerosols (right panel) under three SRES scenarios, based on the
data given by IPCC (2001).

Figure 34. Multi-model mean simulated annual mean temperature change (a) from 1971-2000
to 2011-2020 and (b) from 2051-2080 to 2086-2095 (Räisänen and Ruokolainen, 2006). The
global mean temperature change is 0.62oC in both cases.

Figure 35. Changes from 1971–2000 to 2011–2020 in annual mean temperature (◦C, horizon-
tal axis) and precipitation (%, vertical axis) in southern Finland (60◦N, 25◦E). Black markers;
changes from 1971–2000 to 2011-2020 as simulated by climate models under the SRES A1B
scenario. Grey markers; other plausible realizations of climate change derived using the re-
sampling ensemble technique of Räisänen and Ruokolainen (2006).

Figure 36. March mean temperature at the Helsinki Kaisaniemi station. The closed circles
represent observed March mean temperatures in seven individual years (1901, 1917, ..., 2000).
The dotted lines illustrate the extrapolation of these temperatures forward in time, using infor-
mation on the observed global mean temperature change and results from climate models. The
figure is based on multi-model mean results (22 model simulations under the A1B forcing sce-
nario). However, the actual probability estimates represented in Section 4.14 take into account
the variation of climate change between different models.
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B Table captions in English

Table 1. Probabilistic forecasts of temperature change (difference in mean temperature
between the decade 2011–2020 and the current normal period 1971–2000). p(∆T>0) gives
the probability that the mean temperature in 2011–2020 will exceed the mean of 1971–2000.
(Etelä-Suomi = Southern Finland, Pohjois-Suomi = Northern Finland, Paras arvio = Best
estimate, Epävarmuusväli = Uncertainty range, Talvi (joulu–helmi) = Winter (DJF), Kevät
(maalis–touko) = Spring (MAM), Kesä (kesä–elo) = Summer (JJA), Syksy (syys-marras) =
Autumn (SON), Vuosikeskiarvo = Annual mean.

Table 2. Probabilistic forecasts of precipitation change (difference in mean precipitation
between the decade 2011–2020 and the baseline period 1971–2000). p(∆P>0) gives the pro-
bability that the mean precipitation in 2011–2020 will exceed the mean of 1971–2000. For
translations in English, see caption for Table 1.

Table 3. An indicative description about seasonal changes in climate variables by the end of
this century. 1st column, the variables; 2nd column, area of interest (Pohjoinen = northern
Finland, Etelä = southern Finland); columns 3-7, seasons (XII–II, December–February; III–V,
March–May; VI–VIII, June–August; IX–XI, September–November; vuosi = annual); 8th co-
lumn, remarks. The variables from top to bottom in the 1st column are as follows: mean tem-
perature, mean precipitation, thermal season length, daily maximum temperature, daily mini-
mum temperature, number of frost days, number of freezing point days, snow water equivalent,
number of snow cover days, number of days with precipitation, intensity of heavy precipita-
tion, number of consecutive dry days, cloudiness, soil frost. The right hand side panel shows
the colour code: (dark) red for (notable) increases, (dark) blue for (notable) decreases, green
for little changes, parenthesis for large uncertainty, empty for unknown or irrelevant.

Table 4. List of the weather stations employed in the return period analysis, including the
LPNN number and the latitude and longitude of each station. For Vantaa, observations are
missing for April of 1986 and for Muonio from November of 1982 to January of 1983.

Table 5. Climate variables and the time period of data for each station, as considered in calcu-
lations of return levels (Venäläinen et al., 2007a).

Table 6. Global climate models employed in this report. Column 1 gives the model acronym,
column 2 the country of origin. Column 3 gives the horizontal resolution of each model, i.e.,
the model grid size in degrees of latitude by longitude. The number of model levels in the
vertical direction is given in column 4. Models labelled with an asterix are merely employed
in composing the short-term projections by means of the resampling method.

Table 7. The regional climate model experiments considered here, with the following charac-
teristics defined: the model acronym, country of origin, acronym of the driving GCM and the
SRES scenarios employed, together with the number of ensemble simulations (in parentheses).

Table 8. Probabilistic forecasts of temperature change (difference in mean temperature relative
to the mean of 1971–2000). p(∆T>0) gives the probability that the mean temperature in the
given decade will exceed the mean of 1971–2000. For translations in English, see caption for
Table 1.
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Table 9. Probabilistic forecasts of precipitation change (difference in mean precipitation rela-
tive to the mean of 1971–2000). p(∆P>0) gives the probability that the mean precipitation in
the given decade will exceed the mean of 1971–2000. For translations in English, see caption
for Table 1.

Table 10. Projected changes in the seasonal and annual mean (a) temperature and (b) precipi-
tation as averaged over the territory of Finland for three tridacadal future periods, relative to
1971-2000 (talvi = winter, kevät = spring, kesä = summer, syksy = autumn and vuosi = annual
mean). In addition to the best estimate (50th percentile), six other percentiles of the probability
distribution are given (5%, 10%, 25%, 75%, 90% and 95%). The projections are based on the
simulations performed with 19 global climate models, with the A1B, A2 and B1 greenhouse
gas scenarios considered equally likely.

Table 11. Projected area-averaged changes (%) in the 30-year means of the number of wet
days (the 2nd column, “Sadepäivät”), the greatest 1-day precipitation total (the 3rd column,
“Rankkasateet”), and the longest dry period (the 4th column, “Kuivat jaksot”) in winter (=tal-
vi), spring (=kevät), summer (=kesä), autumn (=syksy) and annually (=vuosi) in Finland by
2070–2099, relative to the baseline period 1971–2000. In addition to the best estimates, the
uncertainty ranges are given (in parenthesis). To define these, 95% probability intervals of
changes in mean precipitation based on global climate model projections are used in addition
to regional climate model simulations (see text for details). Normal font is used for results
directly based on the regional climate models. Italic font indicates that the result is obtained
with the aid of a corresponding 95% probability interval; it is given only if it deviates from
the outcoming of the regional climate model simulations by more than 5 percentage units. In
such a case the plus sign implies a larger change (increase or decrease) by at least some RCM
simulations. All the values are given at a resolution of 5%.
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