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Hydrological time series analyses made in Finland up to 2001 show the following: 1) Precipitation has been increasing in southern and central Finland, and
also in the north in winter, during the period 1911-2000. There are, however, no
harmonized analyses of areal precipitation to show the exact increase. 2) The
annual maximum of the areal water equivalent of snow has been increasing in
eastern and northern Finland but decreasing in the south and west during the
period 1947-2001. 3) The winter runoff has generally been increasing strongly
in southern and slightly in central Finland during the 20th century. In northern
Lapland there are no signs of increase in winter or annual flow. Annual discharge in the south and west has also increased to some extent. 4) The existing
analyses show no signs of long-term trends in annual evapotranspiration. 5)
Long-term fluctuations of water stage have been observed in the major groundwater formations. 6) The series of the date of ice break-up in the river Tornionjoki - starting in 1693 - shows that in recent decades the ice cover of the river
has broken up about two weeks earlier than in the beginning of the period. 6)
Lake ice maximum thickness series show no noticeable trend. 7) Lake water
temperature in south-eastern Finland seems to have been increasing slightly
during the period starting in 1924; in central and northern Finland no trends in
water temperature have been observed.
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Introduction
The purpose of this paper is to give an overview of hydrological time series analyses
made in Finland until 2002 in order to study the possible role of climatic change in
hydrological changes. Global climate scenarios predict that the increasing greenhouse effect will cause increasing temperatures and increasing precipitation in
northern latitudes, where Finland is situated (between the 60th and 70th parallel). In
average, various climate scenarios predict about 10% increase in annual precipitation and 3...5"C increase in annual mean temperature in Finland from the period
1961-1990 to the period 2070-2099. For winter the approximate figures are: precipitation +10...+30% and air temperature +4...+7"C. The predicted changes for
summer are smaller, while scenarios for spring scatter between large and moderate
changes (Jylha 2002).
Climatic changes are expected to be reflected in many ways in the hydrology of
Finland. Long-term observations and analyses will ultimately show how obediently
Nature follows the scenarios and models. The results of hydrological time series,
presented in this paper, are mainly based on the analyses made at the Finnish Environment Institute. During the period of SILMU (The Finnish Reserch Programme
on Climate Change, 1991- 1995), especially runofftdischarge analyses were made to
determine possible hydrological changes in the Finnish territory, using both
observed hydrological time series and models (Hiltunen 1994a and 1994 b; Roos
1996; Vehvilainen and Huttunen 1997).
This article describes, by selected representative examples, the trends and fluctuations in the Finnish hydrological time series observed up to 2001. The series have
been selected so that climate change or variations - whatever their backgrounds may
be are the main reason for the hydrological variations. Thus, for example, discharge observation series strongly or moderately effected by forest draining or regulation of water etc. have been excluded in this approach.

-

Data
Most of the analyses described in this paper are based on the Finnish national hydrological data base (formerly called HYTREK, now HYDRO), which belongs to the
major database HERTTA of the Finnish Environment Institute (SYKE) . This data
base includes rather long data series of lake water level, river discharge, areal precipitation, areal water equivalent of snow, lake and river ice, water temperature,
groundwater level, ground frost etc. The longest hydrological observation series in
Finland, that of ice break-up in the river Tornionjoki, begins in 1693. The earliest
lake level series and discharge series begin in 1847, and there are some ten other
series longer than 100 years. From most main rivers there are observation series
from 1911. Runoff of small lakeless catchments have been observed mainly from
late 1950s; these series are not included in this app.roach. Pan evaporation, groundwater level and soil moisture series are only 25 to 42 years long now.
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Discharge
Discharge observation series from lake outlets are rather precise, even during winter,
because the lake outlets are ice-free. At river stations ice cover, ice dams and frazil
ice jams often disturb the stage-discharge relationship, and they have been excluded
from this app.roach - except the stations of southernmost Finland from where undisturbed long term discharge observations from lake outlets are lacking and where ice
reduction in river stations is rather low, so that also winter discharge for these stations has been estimated reasonably well.
The first time series analyses of discharge have been available since the end of
1970s, made in the Finnish Hydrological Office (Hyvkinen and Vehvilainen 1980).
A rather clear increase in winter flow in southern Finland was then detected. Later
observations and analyses have confirmed the strong increase in winter flow in
south and west - as well as a clear increase in central parts of Finland, too.
(Hyvajinen 1988; Hyvarinen and Leppajiirvi 1989; Hiltunen 1994a and 1994b;
Hyvarinen 1998). Increasing winter air temperatures and increasing winter precipitation have resulted in increasing winter flows in these areas. Winter temperatures
have increased in Finland during the 20th century in average by 1 CO;the largest
increase rate was recorded in the 1990s. In northernmost Lapland, where winters
have continued to be cold enough to maintain winterly conditions, no marked trends
in the winter flows have been observed. Mean annual temperature decreased in Lapland during the period 1961-1990; in 1991-2000 some increase was observed also
there. Some examples of changed runoffldischarge regimes are presented in Fig. 1.
Autumn flows have also been increasing in southern and central Finland during
the 20th century, although there are no noticeable trends in summer flow or in spring
maximum flow. In most of Finland the annual runoff has increased, on average 0.5
mm a-1, but in parts of south-western Finland the average increase of annual runoff
has been up to 1 mm a-1 during the 20th century (Hyvarinen and LeppajPvi 1989;
HyvLinen, Solantie et al. 1995; Hyvajinen 1998). Some examples of seasonal
trends of discharge are given in Fig. 2. - The trend line is drawn in Figs. 2 to 8,
whenever relevant to express, as well as the statistical significance of the trend, * (P
< 0.05), ** (P < 0.01), and *** (P < 0.001).
i,
1896 onwards, show very similar seasonal
The analyses for ~ ~ s k o s kfrom
trends to those of Muroleenkoski, and so do all the existing (shorter) series in
southern, western and central Finland. The results of Muroleenkoski have been represented here because of the length of the series.
There is, however, no marked trend in the longest discharge series in Finland, that
of Lake Saimaa to River Vuoksi, situated in south-eastern Finland. This series starts
in 1847. The reason to the absence of trend, at least partly, is the heavy bum-beating
in large areas in the southern parts of the drainage basin (totally 61,060 km2) in the
middle of the 19th century (HyvLinen, Solantie et al. 1995). The deforestation
decreased considerably evapotranspiration in these areas for more than half a cen-
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Fig. 1. Mean monthly discharges in Saukkoniva (measuring site: 6g055'N, 26"55'E, F =
5160 km2, L = 4.7%), Ayskoski (63"23'N, 26"40'E, F = 2157 km2 , L = 17.9%),
Muroleenkoski (61°51'N, 23"54'E, F = 6102 km2, L = 12.2%) and Oulunkyla
(60°14'N, 24"59'E, 1680 km2 , L = 2.5%). In southern and central Finland especially
winter flow has increased during the observation period, in south-westem Finland
mean annual flow has also increased, and the date of the spring flood peak has shifted
earlier. In the north, no trend in winter flow is observed.

tury. As a result, runoff in the middle of the 19th century was higher than in the surrounding areas where bum-beating was of less importance. After the bum-beating
was forbidden, the areas became forested again. Moreover, autumn and winter precipitation have increased more in western and southern Finland than in the east.

Groundwater Level

-

The Finnish groundwater observation sites are mainly situated so that direct human
impact in the water level is as low as possible. Soveri et al. (2001) analyzed
together with several water quality variables - the groundwater level observation
series from 53 stations in Finland, in most cases for the period 1975-1999. One
example of the results of the analyses is shown in Fig 3. In some observation sites a
seemingly regular fluctuation of groundwater level, with a period of five to seven
years, was discovered. In most cases no clear trend was observed; furthermore the
Finnish groundwater observation series are generally too short for reliable trend
analyses. However, as a curiosity, when looking at May-June groundwater levels in
Savo and N~rthernKarelia, a rather clear decrease is observed in the period 19802001 (M&inen 2002); see Fig 4. On the one hand this could reflect the fact that in
this area the snow melt began earlier in 1990s than previously, or on the other hand
it could be due to the several years of very heavy snow cover which occurred in the
early 1980s.
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Fig. 2. Mean March discharge for Muroleenkoski and Saukkoniva as well as annual (MQ),
annul maximum (HQ), July and November discharges for Muroleenkoski, compare
with Fig. 1.
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Fig. 3. Groundwater stage at Tullinkangas, southern Finland, 1971-1999. A: mean and
extreme groundwater levels I-XII. B: annual variations and 3 year moving average of
groundwater level. C: deviation from the mean level (Soveri et al. 2001).

Precipitation and Evaporation
As was indicated above, annual river flows have been increasing in many parts of
Finland during the 20th century, possibly already during the second half of the 19th
century. Has this been due to a simultaneous increase in precipitation and/or
decrease in evapo(transpi)ration - if the minor influence of reservoir changes is
neglected?
Although simple to ask, this is a rather difficult question to answer.
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Fig. 4. May-June groundwater stage in 1980-2001 in Jakokoski, Northern Karelia (Mtikinen
2002)

Class A pan observation series for 1961-1990 show no clear trend (Javinen and
Kuusisto 1995). The1980s were rather wet in Finland; this might have affected
evaporation. Cloudiness has been increasing, which might have decreased evaporation slightly, although the annual mean air temperatures have simultaneously been
increasing, by 0.5 to 1°C during the period 1901-1995 (Tuomenvirta and Heino
1996). During the1990s, there were several very hot summers with rather high evaporation.
In any case, the changes in evaporation can hardly have been sufficient to explain
the runoff increases. This suggests that precipitation must have been increasing.
Heino (1994) corrected and analysed 36 long-term precipitation series from the
rain gauge records of the Finnish Meteorological Institute. The longest precipitation
series in Heino's research (Kuopio) began in 1884, although most series started at
the beginning of the 20th century. In many series there is no visible trend. A few stations in western Finland show an increase of up to 1 mm a -1. The increase in annual
precipitation of several stations is about of the magnitude 0.5 mm a-1 during the 20th
century. This seems to agree with the increase in runoff in some areas.
The nationally-averaged analysis of annual mean precipitation in Finland for the
period 1910-1996 (Tuomenvirta and Heino 1996), including homogeneous data
from 24 stations, shows no clear trend.
However, neither measured point precipitation nor the existing selection of
homogenized series provides correct precipitation estimates for water balance calculations in large drainage basins.
In Finnish conditions, the rain gauges gather only about 80...90% of the true
annual precipitation, depending on factors such as type of precipitation, wind and
location of the gauge. The gain is lowest during winter. The mean annual precipita-
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tion, corrected for water balance in Finland in the period 1961-1990, is 660 mm, i.e.
14%higher than the uncorrected value (Hyvkinen and Solantie 1995).
Trend analyses of areal precipitation series of the Hydrological Office (recently of
SYKE) show slightly higher precipitation increases than the point series of Heino in
many drainage basins, especially in southern and western Finland with an increase
of up to 1 mm a-1 on average during the period 191 1- 1993 (Reuna 1994).
The number of rain gauges increased during the observation period until about
1990. Especially the number of gauges in orographically higher sites increased
during the observation period. This implies that the areal precipitation series of
SYKE must be inhomogenous to a certain extent. The rain gauge type was also
changed in 1981. Precise analyses of the homogeneity of areal precipitation are not
available. Therefore no examples of areal precipitation time series are presented in
this article.

Snow Cover
Increasing winter temperatures have intensified snow melt in western and southern
Finland in the middle of winter towards the end of the observation period 19462001. This and the increasing rainfalls in the middle of winter have decreased the
snow cover in these areas (Fig. 5). As a result, autumn and winter flows have
increased in southern and central Finland, as was described above. Precipitation in
the form of snow or rain on lake ice also increases flow from lakes downstream,
according to Archimedes' law.

Fig. 5. Water equivalent of snow in some drainage basins in Lapland, northern Finland, central Finland and southern Finland on April lst, 1947-2001.
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In central Finland there is a zone where no trend is observed in the annual maximum of the water equivalent of snow. In eastern and northern Finland, the maximum water equivalent of snow has been growing quite clearly since 1947 (Fig. 5).
The increase in number of snow survey sites during the observation period
194611947 to 2001 causes some inhomogenity in the existing snow cover time series
a matter that requires more detailed analyses. The snow survey method itself has
remained unchanged throughout the whole observation period, and the changes in
the calculation method of areal water equivalent of snow during the observation
period do not have a marked effect (see Perala and Reuna 1990).
From Fig 5 it can be seen that the snow cover is very unstable in the south and
rather stable in the north. The highest water equivalent of snow in the south during
the period 1947-2001 was observed in 1966, in the central parts of Finland in 1981,
and in the north during the very last years of the1900s. In 2001 the snow cover was
exceptionally thin in Finnish Lapland.
Solantie (2000) thoroughly analysed the snow depth observations of The Finnish
Meteorological Institute and also the water equivalent of snow as a function of air
temperature and geostrophic winds (Solantie 2001). Long-term snow depth observation periods (the longest periods are from 1919 onwards) cover Finland from the
south to the Arctic Circle. In Solantie's study a slight increasing trend can be seen in
the snow depth in northern Finland on March 15th, and a sligh decreasing trend in
the south. On the basis of his studies there are reasons to believe that if there were
reliable areal water equivalent observations for longer periods than those starting in
194611947, the trends might not be as steep as those presented in Fig 5. On the other
hand, the water equivalent of snow cannot be calculated from snow depth observations alone. Milder winters at the end of the observation period may have increased
the snow density.

-

Water Temperature
In most Finnish water temperature observation sites, the surface water temperature
has not changed remarkably during the observation periods. In the southern part of
the large lake Saimaa system, in Lauritsala (S-E Finland), the summer and autumn
water temperature have slightly increased since 1924 (Korhonen 2002), see Fig 6.
This may have led to increasing lake evaporation; however, no analyses are available of the trends of lake evaporation in Finland. Besides increased air temperature,
one reason to rising water temperatures may have been the increased turbidity of
water in the measuring site.
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Fig. 6. Mean surface water temperature in August. Saimaa, Launtsala (S-E Finland) 19242000 and Tornionjoki, Kukkolankoski (N-W Finland) 1961-2000 (Korhonen 2002).

Ice Cover
Records of the date of freezing and break-up were started on Lakes Kallavesi and
N b i j k v i in 1830's, and on Lake Oulujkvi in the 1850'es (Kuusisto 1987). A shortening of the ice cover duration by about ten days has occurred on all these lakes,
mainly between 1900 and 1920. The series analysed by Kuusisto end in the beginning of 1980s, and newer analyses are needed. No trend can be seen in the mean
maximum thickness of lake ice in the Finnish lake district for the period 1912-1992
(Kuusisto 1994). Even in southern Finland, where the air temperatures have been
increasing during winter, the annual maximum of ice thickness has generally
remained unchanged.
The stability of the annual maximum ice thickness of the Finnish lakes is due to
the complex dynamics of ice cover formation. In cold winters, especially if the snow

Downloaded from https://iwaponline.com/hr/article-pdf/34/1-2/71/5674/71.pdf
by guest

Veli Hyvarinen

QJune

?

&x

1

Q

2

a

.-0

Q)

r

0

Q)

+
Q

0 May
1

Fig. 7. Date of ice break-up in the lower reach of the river Tornionjoki (Torniofl'orneb) in the
period 1693-2001 (Kajander 1995 and SYKE 2001). The Years of Great Famine in
Finland culminated in 1867.
cover on the ice is thin, the ice formed is mostly or totally blue ice, i.e. the ice grows
only downwards - and very slowly when the ice cover is already thick. In mild winters, with heavy snowfall or rains, the ice grows upwards as snow-ice from slush or
from rain falling on the ice. Even light frosts are able to freeze the slush and water on
ice, and the ice thicknesses increase rapidly. Some features of these processes are
described in Hyvarinen (1987).
Melting of snow from lake ice in the middle of winter has been increasing in
southern and central Finland in recent decades. As a result, unisolated ice is exposed
to air temperature variations, diurnal and others, and thermal expansion of lake ice
causes ice shove more often than previously. There are no scientific studies of this
phenomenon, but many reports reaching the authorities support this interpretation.
Kajander (1995) collected the longest hydrological observation series in Finland.
The series of the date of ice break-up in Tornio/Torne$ situated in the lower reach of
the river Tornionjoki, starts in 1693. It shows that in recent decades the ice cover of
the lower reach of the river has broken up about two weeks earlier, on average, than
at the end of the 1600s. The trend has been rather linear and stro.ng (Fig. 7).The
Little Ice Age has receded since the 1700s, and air temperature in April and May has
increased during the period from which temperature records are available (Haparanda, 1860 onwards). Due to land uplift, the difference of water levels between the
observation site and the sea has increased during the period 1693-2001 by some 1.5
m. This process may have contributed to the trend, as the sea ice to some extent may
have prevented early break-up at the observation site some hundred yeras back.
However, this theory is not quantitatively proven.
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Fig. 8. Groundfrost depth and snow depth in Kiuruvesi, central Finland, during the period
1917-2001. The observation site is situated in an open place. Groundfrost was measured by digging at the beginning of the series, then by a rod, and starting from the
1960s by methylene blue tubes. Groundfrost depths for the years 1977-2000 are estimates (Miikinen 2002).

Soil Frost

The longest soil frost observation series in Finland dates back to the early 1900s.
Soil frost depth observations are subject to several sources of inhomogenity. The
observation method has changed; in the early 1900s the lower edge of frozen soil
was dug up, later soil frost rods were used, and finally, starting from the 1960s,
methylene blue tubes. The changes of vegetation etc. in the close vicinity of the
observation site strongly affect snow cover, and soil frost depth is strongly dependent on snow depth, many times even more than on air temperature. Also soil
moisture affects strongly the formation of groundfrost. The example in Fig. 8 shows
clearly for instance the extremely deep groundfrost during the very cold winter of
1987, and the thin frost layers during the snowy winters of 1981 and 1982.
Discussion and Conclusions

The hydrological changes and trends hitherto observed in Finland and analysed
above are mostly in line with the expected climate change effects on the hydrological conditions, for instance increasing winter flow in the south, increasing snow
cover in the north, increasing water temperature in the south-east etc. There are also
some exceptions. For example the no-trend status in winter flow in Lapland agrees
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well with the observed air temperature in this area (Tuomenvirta et al. 2001) but not
so well with some global climate scenarios which predict strongly increasing temperatures especially in the north. In fact, air temperature decreased in Lapland
during 1961- 1990 but started to increase after this period.
A Nordic analysis of runoff (Hisdal et al. 1995) showed that river flow regime
changes may differ considerably in different parts of Nordic countries. It is quite natural: the physico-geographical conditions in the study area - extending from Iceland
over Faroe Islands, Norway, Denmark, Sweden and Finland to Estonia - vary considerably. Nine types describing the different runoff regime were classified in the
area. The most remarkable trends were increasing annual, autumn and winter runoff
in south-western Norway (see also Roald, 1998) and increasing winter runoff in
Estonia and southern Finland during the latter part of the 20th century.
In Sweden, which is physico-geographically more close to Finland than the
Atlantic and mountaneous Norway, the runoff trends have been rather weak until
early 1990s (Jutman 1991). This result was conformed by Brand and Ehlert (1996)
who studied the runoff of coastal waters of Sweden. Lindstom (1993 and 1999) has
analysed floods in Sweden and concluded that neither the results from statistical
trend tests nor visual inspection of the data suggest any change in flood fequency.
The longest of his flood series start in the first part of thel9th century and end in
1995. In northern Sweden, a trend towards later freezing and earlier break-up of lake
ice has been observed (Ekelund 1999). The longest Swedish ice cover duration
series, partly estimated, that from the Bay of Vasterh in, Lake Malaren, central
Sweden, shows a break in 1988: the mean break-up date has been April 24 during
the period 1712-1988 and between 1988-1999 the date has been April 7. Mean
annual precipitation has increased in Sweden as much as about 100 mm during the
years 1900-2000 (SMHI 2002).
Krasovskaia (1996) analysed the stability of river flow regimes in northern and
central Europe. The results of her studies are in agreement with the results presented
here, i.e. that the runoff regime in south-western Finland is rather unstable.
Filatov et al. (2001) have summarized the trends of water balance variables in
Russian Karelia for the period 1880-1999. According to their estimates, the mean
annual values of both precipitation and runoff have increased there some 20 mm
during the 20th century, while evapotranspiration showed no trend. Precipitation and
runoff increased most quickly at the very end of the 20th century. These results agree
quite well with the results obtained from Finland so far - except for the series of
Vuoksi; see above.
In Estonia, average values of annual precipitation during 1966-1998 were about
50 mm higher than during 1891-1980. Precipitation has increased mostly during the
cold half-year, during the period 1950-2000 the increase of the precipitation sum of
the winter months December to March has been as much as 75 mm or 47% (Jaagus
2002). Snow cover duration has decreased in Estonia by 5 to 10 days during the 20th
century (Jaagus 1995 and 1999). Increase in winter flow has been rather similar to
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the increase in southern Finland. However, the maximum ice cover thickness ot
Lake VGrtsjkv has not decreased even if the winters have become milder also in
Estonia (JLvet 1999). Surprisingly, the ice cover period of Lake V6rtsjiirv has
become 12 days longer during the period 1923-1998, mainly on account of earlier
ice formation in autumn.
In Denmark, the annual mean runoff in most of the Danish streams shows an
increasing trend over the observation period starting around 1917. Also for the
annual maximum and minimum runoff the trends are predominantly increasing
(Ovesen et al. 2000).
Some parts of Canada are situated climatologically and geographically in conditions that resemble those of Fennoscandia. A major difference is that Canada is
greatly dominated by continental climate and Fennoscandia partly by marine, partly
by continental climate. The Gulf Stream warms up the Fennoscandian climate so
that the app.roximately similar climatological zones of Canada are situated about 10
degrees (of latitude) southwards compared to Fennoscandia. Zhang et al. (2001)
have reported of trends in Canadian streamflow, computed for the past 30-50 years.
The annual mean streamflow had generally decreased during these periods, especially in the south, and most in August and September. The exceptions are March
and April, where significant increases were observed - as those of winter flow in
some parts of Finland. The breakup of river ice occurs nowadays significantly earlier than before, especially in British Columbia.
It can be concluded that a considerable amount of work is required in Finland for
estimating the representativity of the existing areal precipitation series, of areal
snow water equivalent, the possible changes in evapotranspiration, in groundfrost
observation series etc. Furthermore there are hitherto only a few investigations of ice
cover duration. Even runoff series need more investigations.

Acknowledgements
The Academy of Finland financed the estimation of trends and fluctuations in
hydrological time series during the SILMU project 1991- 1995. Heikki Tuomenvirta
from the Finnish Meteorological Institute has kindly helped in clarifying the role of
precipitation. The Hydrological Office and SYKE made possible the other hydrological trend analyses. The author also thanks Johanna Korhonen and Risto Makinen
for their help.

Downloaded from https://iwaponline.com/hr/article-pdf/34/1-2/71/5674/71.pdf
by guest

Veli Hyvarinen

References
Brandt, M., and Ehlert, K. (1996) Runoff to coastal waters of Sweden, Nordic Hydrological
Conference, Akureyri, Iceland, 13-15 Aug 1966, pp. 170-175.
Eklund, A. (1999) Long Observation Series if Ice Freeze and Break-Up Dates In Swedish
Lakes, Northern Research Basins Symposium and Workshop, Island Aug 23-27, 1999, pp.
35-46.
Filatov, N., Nazarova, L., Salo, Yu, and Semenov, A. (2001) Water resources and climate
changes in Eastern Fennoscandia (Karelia and Kola Peninsula), NRB, 13th International
Symposium & Workshop. Saariselka, Finland and Murmansk, Russia, Aug 19-24, 2001.
pp. 91-100.
Heino, R. (1994) Climate in Finland during the period of meteorological observations,
Finnish Meteorological Institute Contributions, 209 p.
Hisdal, H., Erup, J., Gudmundsson, K., Hiltunen, T., Jutman, T., Ovensen, N.B., and Roald,
L.A. (1995), Historical variations of runoff in the Nordic countries. NHP Report 37,99 p.
Hiltunen, T. (1994a) What do hydrological time series tell about climate changes? Publ. Water
and Env. Research Institute No. 17, pp. 37-50.
Hiltunen, T. (1994b) Assessment of hydrological changes. In: Kanninen, M. & Heikinheimo,
P., pp. 37-42.
Hyviirinen, V. (1987) A case study of whirl ice-holes, NHP Report No. 21, pp. 191-194.
Hyviirinen, V. (1997) Suomi on muuttunut sateisemmaksi ja suuri osa lumisemmaksi (in
Finnish). Vesitalous, 2, pp. 17-22.
Hyviirinen, V. (1998) Observed trends and fluctuations in hydrological time series in Finland
- a review. Proceedings of The Second International Conference on Climat and Water.
Espoo, Finland, 17-20 Aug 1998, pp.1064-1070.
Hyviirinen, V., and Leppajiirvi, R. (1989) Long term trends in river flow in Finland. Conference on Climate and Water. Helsinki, Finland 11-15 Sept 1989. Publ. of the Academy of
Finland 9/98, Vol 1, pp. 450-461.
Hyviirinen, V., Solantie, R., Aitamurto, S., and Drebs, A. (1995) Suomen vesitase 1961-1990
valuma-alueittain (English Abstract: Water balance in Finnish drainage basins during
1961- 1990). Vesi- ja ympiiristohallinnonjulkaisuja - sarja A 220, pp. 1-68.
Hyviirinen, V,. and Vehvilainen, B. (1980) The effects of climatic fluctuations and man on discharge in Finnish river basins. IAHS Publication No 130. Proceedings of the Helsinki Symposium 23-26 June 1988, pp. 97-103.
Jaagus, J. (1995) Kui kauaks on sadepuhku lund. Eesti Loodus '95, pp.93-95.
Jaagus, J. (1999) Uusi andmeit Eesti kliimast. English summary: New data about the climate
of Estonia. Publicationes Instituti Geographici Universitatis Tartuensis 85, pp. 28-40.
Jaagus, J. (2002) Private communication University of Tartu.
Jylh$ K (2002) Private communication, Finnish Meteorological Institute.
JLvet, A. (1999) Vijrtsjame jaareiiim ja selle pikaajaliset muutused (English summary: Ice
regime of lake VBrtsjarv and its long-term changes), Publicationes Instituti Geographici
Universitatis Tartuensis 85, pp. 171-178.
JLvinen, J., and Kuusisto, E. (1995) Astiahaihdunta Suomessa 1961-1990 (English Abstract:
Pan evaporation in Finland in 1961-1990), Vesi- ja ympiiristohallinnonjulkaisuja sarja A
220, pp. 71-155.
Kajander, J. (1995) Cryophenological records from Tornio, Vesi- ja ympiiristohallituksen

-

Downloaded from https://iwaponline.com/hr/article-pdf/34/1-2/71/5674/71.pdf
by guest

Trends and Characteristics of Hydrological Time Series in Finland
monistesarja No.552, 155 p.
Kanninen, M., and Heikinheimo, P. (1994) The Finnish Research Programme on Climate
Change, Second Progress Report, Publications of the Academy of Finland 1194,414 p.
Korhonen, J. (2002) Suomen vesistojen 1ampiStilaolot 1900-luvulla (English Abstract: Water
temperature conditions of lakes and rivers in Finland in the 20th century), Suomen ymparisto, 566, Luonto ja luonnonvarat, 116 p.
Krasovskaia, I. (1996) Stability of river flow regimes, Ph.d. thesis, Dept.of Geography, University of Oslo, 120 p.
Kuusisto, E. (1987) An analysis of the longest ice observation series made on Finnish lakes,
Aqua Fennica, Vol. 17,2, pp. 123-132.
Kuusisto, E. (1994) The thickness of lake ice in Finland in 1931-90, Publications of the Water
and Environment Research Institute, 17, pp. 27-36.
Lindstrom, G. (1993) Floods in Sweden - trends and occurrence, SMHI Reports Hydrology
No. 6,66 p, Appendices, 17 p.
Lindstrom, G. (1999) Trends and Variability in Swedish Floods. Contribution to the IAHS
Symposium on Hydrological Extremes: Understanding, Predicting and Mitigating, IAHS at
IUGG, Birmingham, July 1999, IAHS Publ. No 255, IAHS Press, Wallingford, U.K., pp.
91-98.
Makinen, R. (2002) Private communication. Finnish Environment Institute.
Ovesen, N.B., Iversen, H. L., Larsen, S.E., Miiller-Wohlfeil, D-I., and Svendsen, L.M. (2000)
Afstr0mingsforhold i danske vandlab(in Danish), Faglig rapport fra DMU, nr. 340,236 p.
Perala, J., and Reuna, M. (1990) Lumen vesiarvon alueellinen ja ajallinen vaihtelu Suomessa
(English Abstract: The areal and time variability of snow water equivalent in Finland), Vesi
- ja ymp&istohallinnon julkaisuja - sarja A 56,260 p.
Reuna, M. (1994) On the variation of the areal precipitation and areal water equivalent of
snow in Finland. Proceedings of the Tenth International NRB Symposium and Workshop,
Spitsbergen, Norway, pp. 565-593.
Reuna, M., and Seppo, Aitamurto (1994) Sadannan aleuarvoja ja aluearvojen toistuvuuksia
Suomessa vuosina 1911-1993 (English Abstract: Areal precipitation values an recurrences
of areal values in Finland in the years 1911-1993), Vesi- ja ymp&istohallinnon julkaisuja
sarja A 195,431 p.
Roald, L.A. (1998) Changes in runoff in the Nordic countries, a result of changing circulation
pattern? Proceedings of The Second International Conference on Climate and Water Espoo,
Finland, 17-20 Aug 1998, pp.1099-1109.
Roos, J. (ed). (1996) The Finnish Reserch Programme on Climate Change. Final Report. Publications of the Academy of Finland 4196,505 p.
Solantie, R. (2000) Snow depth on January 15th and March 15th in Finland 1919-98, and its
implications for soil frost and forest ecology, Meteorological Publications, FMI, 176 pp.
Solantie, R. (2001) Lumensyvyys ja lumipeitteen vesiarvo 15.3. joulu-maaliskuun keskilampotilan ja geostrofisten lounais- ja kaakkoistuulien erotuksen funktiona (English Summary:
Depth and water equivalence of snow on March 15th in Finland as a function of DecemberMarch mean temperature and difference in frequency of south-westerly and south-easterly
geostrophic winds), Meteorological Publications No. 45 FMI-MET-45,44 p.
Soveri, J., Mikinen, R., and Peltonen, K. (2001) Pohjaveden korkeuden ja laadun vaihteluista
Suomessa 1975-1999 (English Abstract: Changes in groundwater levels and quality in Finland in 1975-1999), Suomen ymparisto 420,382 p.

-

Downloaded from https://iwaponline.com/hr/article-pdf/34/1-2/71/5674/71.pdf
by guest

Veli Hyvarinen
SYKE (2001) Hydrological data base HYDRO of SYKE , The Finnish Environment Institute.
SMHI (2002) Vader och Vatten under ett Arhundrade 1900-1999(in Swedish) www.smhi.se, 8
P.
Tuomenvirta, H., Drebs, A., F@rlandE., Tveito, 0. E., Alexandersson, H., Varby Laursen, E.,
and Jonsson, T. (2001) Nordklim data set 1.0 - description and illustrations, DNMI Report
No. 08/01,26 p.
Tuomenvirta, H., and Heino, R. (1996) Climate Changes in Finland - Recent Findings, Geophysics, Special Volume SILMU, Vol. 32 Nos. 1-2, 1996, pp. 61-76.
VehvilCnen, B., and Huttunen, M. (1997) Climate change and water resources in Finland,
Boreal Environment Research, Vol. 2, pp. 3- 18.
Xuebin, Zh., Harvey, K.D., Hogg, W.D., and Yuzyk, T.R. (2001) Trends in Canadian streamflow, Wat. Resour: Res., Vol. 37, No 4 , pp. 987-998.

Address:
Finnish Environment Institute,
P.O.Box 140,
FIN-0025 1 Helsinki,
Finland.
Email: veii.hyvarinen@environment.fi

Downloaded from https://iwaponline.com/hr/article-pdf/34/1-2/71/5674/71.pdf
by guest

