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VESISTOJEN JAATYMIS-, JAANLAHTO-, JAANPAK-
SUUS- JA PINTAVEDEN LAMPOTILATILASTOJA

FREEZE-UP, BREAK-UP, ICE THICKNESS AND SUR-
FACE WATER TEMPERATURE STATISTICS IN
LAKES AND RIVERS IN FINLAND

Olli Laasanen

LAASANEN, O. 1982. Vesistdjen jiitymis-, ja4nlihtd-, jainpaksuus- ja
pintaveden limp&tilatilastoja. Freeze-up, break-up, ice thickness and sur-
face water temperature statistics in lakes and rivers in Finland. Publications
of the Water Research Institute, National Board of Waters, Finland, No. 47.

The mean, earliest and latest date of freeze-up in the period 1960—1979
and break-up in the period 1961—1980 in 275 Finnish lakes and rivers are
given. The mean thickness of the ice on the 15th and last day of the month
in the period 1960/61—1979/80 for 53 observation sites have been calcu-
lated. The mean surface water temperature every 5th day and the monthly
mean minimum, mean and mean maximum temperature during open water
have been calculated for the period 1961—1980 for 24 observation sites and
for the period 19711980 for 24 sites.

Index words: Ice freeze-up, ice break-up, ice thickness, water temperature.

1. JOHDANTO

Suomen vesistdjen terminen vuosi voidaan jakaa

tehdd mittausten lisiksi myos nikshavaintoja.
Jdrvien ja jokien limp&olojen tutkiminen ja vuo-
tuisen kulun seuraaminen on kuulunut hydrologian
toimiston ja sen edeltijien toimintaan niiden pe-
rustamisesta lihtien. Suomen vanhimmat siinnélli-

tu jo syksysti 1833 lihtien. Useilta havaintopai-
koilta, esim. Keiteleen Haapasalmesta seki Vanaja-

1. INTRODUCTION

The thermal year of the Finnish watercourse can be
divided into two parts: an open water period and
an ice cover period. The borderline events are
freeze-up and break-up. We can make both direct
measurements and visual observations of all these
four phases.

Investigation and monitoring of the annual
changes in lakes and rivers have always been under
the jurisdiction of the Hydrological Office and its
predecessors. The oldest observations concern
freeze-up and break-up; in lake Kallavesi they have
been observed since autumn 1833. There are many
other long series of data about freeze-up and
break-up — almost 100 years long for lake Vanaja-
vesi and for Haapasalmi on lake Keitele.



aloitettiin Kymijoen vesistdn Muurejirvelli talvella
1909/10. Talvi 1917/18 seki sotavuosien 1941—
1944 talvet ovat kuitenkin aukkoina tissi muuten
yhteniisessi sarjassa. Pisin katkeamaton havainto-
sarja on Saimaasta Lauritsalasta; havaintosarja al-
kaa tammikuusta 1917. Kolmas pitki sarja on Iis-
vedesti. Sielld havaintoja on tehty helmikuun lo-
pusta 1912 ainoastaan talven 1977/78 havaintojen
puuttuessa. o

Pisin yhtendinen avovesikautinen pintaveden
limpotilahavaintosarja on myds Saimaasta Laurit-
salasta: sielli on limpétilaa mitattu piivitedin ke-
sdstd 1916 asti.

Vertailujaksoksi jiinpaksuushavainnoille on va-
littu 1960/61—1979/80 ja pintaveden limpétila-
havainnoille 1961—1980 tai 1971—1980. Niin on
menetelty siksi, etti molemmat havaintopaikka-
verkostot laajenivat voimakkaasti 1961 (kuva 1).
Pintaveden limpétilan havaintopaikkoja lisittiin

tailujaksojen perusteena oli jiinpaksuuden vertailu-
jakso.

Havaintoja ja mittauksia kisittelevien Jukujen
alussa on tiivistelmi hydrologian toimiston kiyt-
timisti  havaintojentekotavoista.  Vesihallitus
(1982) on julkaissut yksityiskohtaiset ohjeet hydro-

logisista havainto- ja mittausmenetelmisti.

The first regular ice thickness measurements we-
re carried out on lake Muurejirvi in Kymijoki basin
on 1910. The winter of 1917/18 and the winters of
the war years 1940—1944 form gaps in otherwise
continuous series. The longest continuous observa-
tion series is from Lauritsala in Lake Saimaa, be-
ginning in January 1917. The third longest series is
from lake lisvesi, which has been under observation
since the end of February 1912, with the single ex-
ception of winter 1977/78.

The longest continuous observation series of
daily surface water temperature started in 1916 at
Lauritsala in Lake Saimaa.

The reference period for ice thickness observa-
tions is 1960/61—1979/80 and for surface water
temperature 1961—1980 or 1971—1980. The reason
for this is that both observation nets increased on
size in 1961 (Fig. 1.) Many surface water observa-
tion sites were added in 1971. The reference period
for freeze-up and break-up is based on the period
used for ice thickness.

The beginning of each of the following chapters
on observations contains a summary of measure-
ments and observation techniques used in the Hy-
drological Office. More detailed descriptions of the
metods used by the water authorities are published
by Vesihallitus (1982).

Vuosi

Kuva 1.
havaintopaikkojen lukumiirin kehitys 1916—1980.
Fig. 1.
surface water temperature sites in- 1916—1980,
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2. JAATYMINEN JA JAANLAHTO
2.1 Jiitymisen havaitseminen

Jdityminen havaitaan nelivaiheisena:
vit aikaisemmin kuin keskiosat, koska limpi-
mimpi, noin 2...4 -asteinen vesi valuu tiheim-
pini pohjaa pitkin kohti jirven syvii osia saa-
den aikaan kiertoliikkeen, joka tyontdi kylmidi
pintavetti rannoille. My8s tuulen voimakkuus
on pienempi rannoilla kuin jirvien keskelld. Vir-
taavissa vesissi rantojen keskiosia aikaisempi

havaintopaikoilla ei titi kohtaa uomien siin-
néllisyyden vuoksi voida havaita.

mistd. Suurten jirvien seki jokien havainnot
edustavat vain tiettyi osaa vesistdsti, eivitki
siten anna kuin viitteiti suurimpien selkien

kohdan. Jos ensimmiinen koko niké&piirin
jddtyminen jii pysyviksi, merkitdin kohtiin

aina vaiheen viimeksi havaittua eli lopullista ajan-

kohtaa.

2.2 Jdinlihdon havaitseminen

1. Rantojen sulaminen. Jirvien rannat limpenevit
keviilli nopeammin kuin keskiosat, koska maa-
Rantojen ohuen vesipatsaan limpétila kohoaa
siten nopeammin kuin jirven syvempien koh-
tien. Timin vaikutuksesta ensimmiiset sulat
alueet ilmestyvit juuri rannoille.

2. Sulien kohtien ilmestyminen ulommaksi. Kun

2. FREEZE-UP AND BREAK-UP
2.1 Observation of freeze-up

Freeze-up is observed in four phases:

1. Ice on shore. Water on the shores of lakes
freezes earlier than that in the middle because
the warmer (c. 2...4°C) water is more dense and
flows over the lake bottom to the deep parts of
the lake. This causes a current which pushes
cold surface water to the shore. Furthermore,
wind causes less disturbance near the shore
than in the middle of the lake. In rivers ice first
appears near river banks, mainly because of the
slower flow velocity.

2. Ice cover in bays. The size of a bay determines
the time difference between freezing of the
shore and the bay. This cannot be observed at
most river sites because of the more uniform
width of channel.

3. Ice within visible range. In small lakes ice cover
streching as far as the eye can see might mean
that the whole lake is frozen. Observations
from large lakes and rivers represents only a
part of the water system, and so they give only
some hints about the freezing of the entire river
or lake. Efforts have been made to get informa-
tion about off-shore freezing of some greatest
lakes.

4, Final freeze-up. Wind or a thaw after a period
of frost may break up or melt an area which has
already been noted as frozen. The date of final
freeze-up gives the time when a permanent ice
cover has formed. If the first freezing of an ob-
servation area is permanent the observer enters
the same date in items 3 and 4.

When calculating the statistics of different
phases of the freeze-up the last date of the phase is
always used.

2.2 Observation of break-up

Break-up, like freeze-up, is divided into four

phases: ‘

1. Open water on shore. Shores of lakes become
warm sooner than the middle parts in spring be-
cause the land absobs radiation more effectively
than ice. The temperature of the shallow water
near the shore therefore rises faster than that in
the deeper parts of the lake. In consequence, the
first open water appears near the shores.

2. Open water off shore. When the snow on the
ice has melted, the albedo of the ice cover de-
creases considerably. Radiation starts to weaken



ilmestyvit ensimmiiset avoimena lainehtivat
aukot.
3. Jain likkkuminen. Jiikannen heikettyi riittivis-
 ti alkavat tuulet ja virtaukset litkuttaa jiitd. Vi-
hituulisina ja hitaasti limpenevini keviini saat-

tavat jait myds sulaa paikoilleen. .
4. Jdin katoaminen koko nikopiiristd. Siteily,

pahtuneen.

J44nlahdon eri vaiheet seuraavat toisiaan nopeas-
sa tahdissa. Eri vaiheet pystytiin kuitenkin erot-
tamaan hyvin.

Virtahavaintopaikoilla saattaa eri vaiheiden jir-
jestys olla tavanomaisesta poikkeava, koska virtaus

ollut se, ettd niistd on riittivin tiydellinen havain-
tosarja jaksolta 1960/61—1979/80. Nidmi paikat on
esitetty liitteeni olevassa kartassa. Reuna (1977) on
julkaissut kartan kaikista 1976 toiminnassa olleista
vedenkorkeusasemista. Koska asemaverkkoon on
tullut vain vihiisii muutoksia timin jilkeen, voi-
daan timin kartan avulla saada selville lihes kaikki

vit vedenkorkeusasemat.

2.4 Aikaisemmat julkaisut

Tie- ja vesirakennushallitus (1912, 1915, 1918,
1923, 1925, 1926, 1928, 1931, 1935, 1936, 1938,
1944, 1948, 1954, 1957, 1962, 1963, 1965, 1968,
1970) seki Vesihallicus (1972, 1975, 1976, 1977,
ajankohtia eri havaintopaikoilla seki keskiarvoja eri
jaksoilla vuosilta 1910—1977. Tie- ja vesiraken-
nushallitus (1958) on lisiksi julkaissut 12 ennen
vuotta 1912 alkanutta havaintosarjaa.

(1940a, 1959) sekd Lemmeld ja Kuusisto (1975).
Jilkimmiiset ovat myds julkaisseet karttoja keski-

ice cover more quickly, and open areas in the ice

field soon appears.

3. Ice in movement. When the ice cover has be-
came sufficiently weak winds and currents begin
to move the ice. During springs when the winds
are weak and the air temperature rises slowly,
the ice melts in situ.

4, Final break-up. Radiation, winds and currents
destroy the last ice floes. This day is regarded as
the final break-up date.

The different phases of break-up follow each
other quickly, and it'is easy to distinguish between
the phases. At observation sites near flowing water
the order of the phases may be different because
‘water flow makes the ice cover thinner by melting
it from the under-side.

2.3 Observation sites

Freeze-up and break-up are observed at c. 500
water level stations, ice thickness and water tem-
perature observation sites of the Hydrological
Office and some private institutions.

The freeze-up and break-up observation sites
chosen for this paper have sufficiently complete
observation series for the period 1960/61—1979/80.
These sites are shown in the appended map. Reuna
(1977) has published a map of every water level sta-
tion in 1976. As only minor changes have been
made to the station network since then, this map
can be used to identify nearly all the freeze-up and
break-up observation sites presently operating at
water Jevel stations.

2.4 Previous publications

The dates of freeze-up and break-up at different
observation sites and the means of different
periods in 1910—1977 have been published by Tie-
ja vesirakennushallitus (1912, 1915, 1918, 1923,
1925, 1926, 1928, 1931, 1935, 1936, 1938, 1944,
1948, 1954, 1957, 1962, 1963, 1965, 1968, 1970) and
Vesihallitus (1972, 1975, 1976, 1977, 1980). Tie- ja
vesirakennushallitus has also published the results
of 12 observation series started before 1912.

Separate studies analysing freeze-up and break-
up dates are by Simojoki (1940a, 1959) and Lem-
meli and Kuusisto (1975). The latter have also
published maps of average freeze-up and break-up
dates. ‘



2.5 Jaitymis- ja jidnlihtotaulukon
kiytto

eri vaiheiden keskimiiriiset ajankohdat. Ne on
laskettu talville 1960/61—1979/80. Timian jakson
valinta mahdollistaa kutakin havaintopaikkaa edus-

samalle jaksolle.

Monilta taulukossa 1 olevilta havaintopaikoilta
puuttuu yhden tai useamman vatheen pidivimadrit.
Timi johtuu useimmiten niiden luonteesta: ha-
vaintoja saatetaan tehdi paikalta, jolla ei ole esim.
lahtia ollenkaan. Toinen syy saattaa olla havainto-
jen vihyys, jolloin keskiarvoja ei ole pystytty las-
kemaan.

Mikaili havaintojaksosta on puuttunut vain muu-
tama havainto puuttuvat arvot on arvioitu lihi-
paikkojen avulla. Ensimmdisen ja viimeisen vaiheen
kohdalla on sallittu 3...5 havainnon puuttuminen
vertailupaikkojen etidisyydestd riippuen. Keskim-
miisten vaiheiden ajankohdissa on’sallittu hieman
enemmin puuttuvia havaintoja, koska ne useimmi-
ten pystytiin arvioimaan, mikili dirivaiheet on ha-
vaittu.

Kustakin vaiheesta on ilmoitettu myds aikaisin
ja myohiisin havaittu ajankohta. Niiden ilmoitta-
minen antaa havainnollisemman kuvan vaiheen
ajankohdan vaihteluista kuin tilastolliset hajonta-
luvut. Airipdivimidiriin tunnetaan myds runsaasti
yleisti mielenkiintoa. Mikili jokin niistd ajankoh-
dista on jouduttu arvioimaan, joko saman paikan
ddriajankohtien tai lihipaikkojen avulla, on piivi-
sin havainto on tehty useampana kuin kahtena
vuotena, on vuoden kohdalla asteriski (*). Joilla-

kaikkina vuosina. Tilldin myohiisimmin havain-

non kohdalle on merkitty ej ja kyseinen vuosi,

esim. ej 74. Jakson keskiarvon laskusta nimi vuo-
det on jitetty pois; tilléin on otettava huomioon,
tailukelpoinen joka talvi jdityvien havaintoalueiden
kanssa.

kohta jaksolla 1960—1979. Kuva vastaa lihinni alle

100 km? suuruisten jirvien jidtymisti. Suurten jir-

2.5 Use of the freeze-up and break-up
table

Table 1 shows the average dates of different phases
of freeze-up and break-up calculated for the winter
period 1960/61—1979/80.

This practice enable us to estimate the average
ice cover time for the water areas represented by
the observation sites. Freeze-up and break-up are
essentially associated with ice thickness observa-
tions calculated for the same period.

Information concerning the average dates of one
or more phases is missing for some observations
sites. The most common reason is the nature of
these sites: e.g. observations are made where there
are no bays. Another reason is the scarity of obser-
vations, which prevents the calculation of means:

If only a few observations are missing for the
period, the missing values have been estimated
from the observed dates of near-by sites. A maxi-
mum of 3...5 missing observations is permitted
between the first and last phases, depending on the
distance from the comparison site. A few more
missing observations were permitted with the
middle phases because it was easier to evaluate the
missing dates if only the extreme dates are obser-
ved.

Table 1 also gives the earliest and latest obser-
ved dates for each phase. These dates give a clearer
picture of the variation in the date of the phase
than any statistical measure of deviation. There is
also a lot of public interest in these dates. Where
these dates are evaluated with the extreme dates of
the same site or with near-by site the date is shown
in brackets. If the earliest or latest observation is
from more than two years, the year number is re-
placed by an asterisk (*). At some sites the obser-
vation area has not frozen every year. In such a
case, the date of the latest observation is replaced
by ej and the year in question, e.g. e 74.
These years are excluded from calculations of the
mean for the period. It must be remembered that
average date of freeze-up is not comparable with
observation areas freezing every winter.

The map of the average date of final freeze-up
in 1960—1979 is shown in Figure 2. This figure
mainly represents freeze-up of lakes of area under
100 km?. The date of freeze-up of large lakes is
given only in Table 1 if observations have been
made. .

The map of the average date of final break-up in
1961—1980 is shown in Figure 3. Because the main
reason for break-up is the increase in solar energy,
there are no big differences in the date of break-up
between lakes of different surface areas in the same
region.
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Kuva 2. Lopullisen jiitymisen keskimiirdinen ajan-
kohta jaksolla 1960—1979.
Fig. 2. Date of the final freeze-up in 1960—1979.

3. JAANPAKSUUS
3.1 Jainpaksuuden mittaus
Jaanpaksuusmittaukset on tehty kantavan jii
teen muodostumisesta lihtien jokaisen kuukauden
15. ja viimeinen piivi niin pitkille keviiseen kuin
jaalld on turvallista kulkea.
Jddnpaksuusmittaus suoritetaan seuraavasti:
Ensiksi mitataan lumen paksuus jiilli kolmesta
eri kohdasta mittauspaikan liheltd. T4min jilkeen
raja tulee vastaan, jonka jilkeen reidsti mitataan
. kohvakerroksen paksuus. Lipi asti kairatusta rei-

Jos havaintopaikalla on my®s ns. kohvasauva, eli.

syksylli terisjdin pintaan jiddytetty mittasauva,
luetaan kohvan paksuus my0s siiti.
Muutamalla havaintopaikalla, lzhinni jokipai-

jamittauksena.
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Kuva 3. Lopullisen jiinlihdén keskimiiriinen ajan-
kohta jaksolla 1961—1980.
Fig. 3. Date of the final break-up in 1961—1980.

3. ICE THICKNESS
3.1 Measurement of ice thickness

Measurement of ice thickness are made on the 15th
and last day of every month from when the
ice cover is safe to walk until as far as possible into
the spring.

The measurement is made as follows:

The observer first measures the thickness of the
snow on the ice in three different places near the
ice thickness measuring site. He then drills a hole
into the ice until it reaches the boundary of the
snow ice and black ice, and measures the thickness
of the snow ice layer. Finally, he drills the hole
through and measures the whole thickness of the
ice.

If there is a snow ice gauge (a measuring rod
which is frozen to the top of the black icein
autumn), the observer . reads the measurement
shown on it, too.

At some observation sites, mainly at river sites,
the thickness of the ice is measured at many points
along a line.



3.2 Havaintopaikat

denkorkeusasemien yhteydessi. Niiden tunnuksena
on tilldin kiytetty asteikon tunnusta. Muutamia
mittausta varten aluellisen edustavuuden paranta-
miseksi. Niiden tunnuksena kiytetiin vesistdalu-
een numeron lisiksi pelkistiin jirven tai joen ni-
med paikanmiireelld tarkennettuna. Talvella 1979/

Kohvaa on jirjestelmillisesti alettu mitata vasta
1970-luvun loppupuolella. Sen esiintymisesti ei si-
ten ole vield kiytettivissi riittivisti pitkid havain-
tosarjoja.

Tietoja talvena 1979/80 toiminnassa olleista pai-
koista on esitetty taulukossa 2. Havaintopaikat on
merkitty liitteend olevaan karttaan.

3.3 Aikaisemmat julkaisut

Tie- ja vesirakennushallitus (1915, 1918, 1923) on
silta 1912—1919. Vuodesta 1951 lihtien (Tie- ja
vesirakennushallitus 1957, 1962, 1963, 1965, 1968,
1970, Vesihallitus 1972, 1975, 1976, 1977, 1980) ha-
vaintoja on julkaistu siinnollisesti.
Jdinpaksuuteen liittyvid tutkimuksia on Suo-
messa julkaistu melko runsaasti. Lemmeli ja Kuu-
sisto (1975) ovat kuvanneet yleisesti jiin paksuus-
kasvua. Simojoki (1940b), Kuusisto (1979) ja Laa-
teorologisten tekijdiden riippuvuutta. Kuusisto ja
Laasanen (1980) ovat erillisilli mittauksilla kerityn

saman jarven eri osissa.

3.4 Jdinpaksuustaulukon kiytto

ja eri asemilla talvina 1960/61—1979/80.

Erdit paikat eivit ole toimineet katkoksitta kiy-
tetyn havaintojakson aikana. Tilldin, vaikka ha-
vaintoja olisi alku- tai lopputalvesta tehtyni, on
koko talvi jitetty jakson keskiarvojen laskusta
pois. Taulukkoon on niissi tapauksissa Puuttuvat
vuodet -sarakkeeseen merkitty kyseisen kevittalven
vuosiluku.

Jos joltakin havaintokaudelta on puuttunut vain
1...3 arvoa, ne on interpoloitu edellisen ja seuraa-
van mittaustuloksen avulla. Kaikki kiytetylle jak-

. solle Jasketut keskiarvot ovat siten vertailukelpoi-

11

3.2 Observation sites

Most ice thickness observation sites operate in con-
junction with water level stations, and so they are
represented by the local gauge number. Some sites
have been established only for ice thickness measu-
rements to improve the regional network. These
are represented by both the basin number and the
name of lake or river and place name if necessary.
The total number of ice thickness observation sites
was 97 in winter 1979/80.

Snow ice has been systematically measured only
since the end of the 1970s, so there are not enough
long observation series to be published.

Information concerning observation sites man-
ned in winter 1979/80 is given in Table 2. These
sites are shown in the appended map.

3.3 Previous publications

Some observations about ice thickness in 1912—
1919 were published by Tie- ja vesirakennushallitus
(1915, 1918, 1923). From 1951 observations have
been published regulary (Tie- ja vesirakennushalli-
tus 1957, 1962, 1963, 1965, 1968, 1970, Vesihallitus
1972, 1975, 1976, 1977, 1980).

Quite a number of studies concerning ice thick-
ness have been published in Finland. Lemmeli and
Kuusisto (1975) describe the general increase in ice
thickness. Simojoki (1940b), Kuusisto (1979) and
Laasanen (1980a) investigated the dependence of
ice thickness on meteorological factors. Kuusisto
and Laasanen (1980) investigated the variation in
ice thickness in different parts of the same lake.

3.4 Use of the ice thickness table

Table 3 shows the means of ice thickness at dif-
ferent sites in the winters of 1960/61—1979/80.

Some observation sites have not been manned
continuosly. In such a situation, althought obser-
vations have been made from the beginning or end
of the winter, the whole winter is excluded from
the computation of the means. Table 3 therefore
shows the year of the spring concerning the
excluded winter in the column Missing years.

If one or two values were missing from the ob-
servation winter, they were interpolated with the
previous and subsequent observations. All means
are therefore comparable.
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Kuva 4. Jdin keskimdirdinen maksimipaksuus jak-
solla 1960/61—1979/80.

Fig. 4. . Mean maximum thickness of ice in 1960/61—
1979/80.

sia keskendin.

Jdipeitteen muodostumisen ja sulamisen aikaiset
havainnot vaihtelevat aloitus- ja lopetusajankohdil-
taan. T4min takia keskiarvot on usein pystytty
hes aina muodostunut.

Keskimiiriinen maksimipaksuus, so. kunkin
talven suurimpien paksuuksien keskiarvo, on tau-
lukon lisiksi esitetty karttana kuvassa 4. Kuvassa 5
on timin maksimipaksuuden keskimiiriinen ajan-

kohta.

4. PINTAVEDEN LAMPOTILA
4.1 Pintaveden limpétilan mittaus

Pintaveden limpétila mitataan avovesikautena aa-
mulla klo 8.00. Muutamilla havaintopaikoilla, li-
hinni voimalaitoksilla, mitataan limpdtila ympiri
vuoden.
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Kuva 5. Jdin maksimipaksuuden keskiméiriinen ajan-
kohta jaksolla 1960/61—1979/80.

Fig. 5., - Mean date of the maximum ice thickness in
1960/61—1979/80.

The dates of the first and last observations de-
pend on the time of freeze-up and break-up. It was
therefore possible in most cases to calculate the
means only for those days when the ice cover was
usually formed.

The mean maximun thickness (the mean of grea-
test ice thickness in the winter), is also shown as a
map in Figure 4. Figure 5 shows the average date of
maximum thickness.

SURFACE WATER TEMPERA-
TURE
4.1 Measurement of surface water

temperature

4.

Surface water temperature is measured at 8.00 a.m.
when the water is ice free. At some observation



Mittarina kiytetiin elohopeamittaria, jossa jao-
tus on joko 0,1°C tai 0,2°C.

Mittari upotetaan noin 20 cm syvyyteen ja odo-
tetaan, etti asteikkolukema ei enii muutu. Timin

della.

4.2 Havaintopaikat

Pintalimpétilaa mitattiin vuonna 1980 kaikkiaan
52 paikalla, joista 28 oli jokipaikkoja. Nimi on esi-
tetty taulukossa 2 sekid merkitty liitteeni olevaan
karttaan.

Koska pintaveden limpdtila riippuu oleellisesti
havaintopaikan luonteesta, on taulukossa 2 jokai-
sen mittauspaikan ympiristostd lyhyt kuvaus.

4.3 Aikaisemmat julkaisut

Tie- ja vesirakennushallicus (1954, 1957, 1962,
1963, 1965, 1968, 1970) sekid Vesihallitus (1972,
1975, 1976, 1977, 1980) ovat julkaisseet pintavesien
limpétiloja vuodesta 1951 lihtien. Havaintojen
analysointeja ovat tehneet mm. Simojoki (1956),
Seuna (1969) seki Kuusisto ja Lemmeli (1976).
Havaintoaineistoa ovat lisiksi tilastollisesti kisitel-
leet Laasanen (1980b) ja Kuusisto (1981).

Muita lzhinni erillisiin mittauksiin perustuvia
tutkimuksia ovat julkaisseet useat eri tutkijat.
Koska useimmat analysoinnit ovat perustuneet jir-
vien syvyysprofiilien limpétilamittauksiin, ei niitd
ole kisitelty tissi tarkemmin. Kuusisto (1982) on
julkaissut lihdeluettelon niistd tutkimuksista.

4.4 Pintaveden limpétilataulukon
kiytto

Taulukossa 4 on esitetty kullakin havaintopaikalla
joka viides piivi suoritettujen mittausten keskiar-
vo jaksolla 1961—1980 tai 1971—1980. Kuukausina
ovat touko-lokakuu, koska suurin osa paikoista
toimii vain avovesikautena. Sulkeissa olevissa kes-
kiarvoissa on mukana useampi kuin yksi interpoloi-
tu tai ekstrapoloitu havainto.

Kultakin kuukaudelta on lisiksi laskettu keski-
arvo, keskimidirdinen minimi- seki keskimiiriinen
maksimilimpétila. Joillakin havaintopaikoilla on
touko- ja/tai lokakuussa havaintoja tehty vain osan
aikaa kuukaudesta. Tillsin on pystytty laskemaan

13

sites, most of which are power stations, the tem-
perature is measured allyear round.

Temperature is measured with a mercury ther-
mometer. The scale is graduated in 0.1°C or 0.2°C
intervals. _

The thermometer is immersed to a depth of
about 20 cm. When the temperature reaches a
steady value it is read to an accuracy of 0.1°C.

4.2 Observation sites

In 1980 surface water temperature was measured at
52 sites, 28 of which were river sites. These are pre-
sented in Table 2, and shown in the appended map.
Because the nature of the observation site influ-
ences the measuring results, a short description of
the surroundings of the site is given in Table 2.

4.3 Previous publications

Statistics concerning surface water temperature
have been published regulary from 1951 (Tie- ja ve-
sirakennushallitus 1954, 1957, 1962, 1963, 1965,
1968, 1970, Vesihallitus 1972, 1975, 1976, 1977,
1980). Furthermore, analyses of obsecrvations
have been published by Simojoki (1956), Seuna
(1969), Kuusisto and Lemmelid (1976), Laasanen
(1980b) and Kuusisto (1981a).

Other investigations based on separare measure-
ments have been published by many researches.
Because most of them are concerned with the ver-
tical distribution of water temperature they are not
further mentioned here. Kuusisto (1981b) has pub-
lished a reference list of these investigations.

4.4 Use of the surface water tempera-
ture table

Table 4 shows the means of the measurements
made every 5th day at each observation site in
1961—1980 or 1971—1980. They are calculated
from May to October because most of the sites are
manned only when the lakes and rivers are open. If
the mean value is in brackets, it includes two or
more interpolated or extrapolated observations.
The table also includes the mean monthly tem-
perature and the mean minimum and mean maxi-
mum temperatures. Observations were made at
some observation sites only part of the time in
May and/or October. In such cases it has been



vain joko keskimiiriinen maksimi- tai minimilim-
potila.

Jaksoiksi, joille keskiarvot on laskettu, on valit-
tu joko 1961—1980 tai 1971—1980. Niin on mene-
telty siksi, ettd limpdtilan havaintopaikkojen lu-
makkaasti, Jos jilkimmiinen jakso olisi jitetty
pois, olisi julkaisuun mukaan otettujen paikkojen
miird pienentynyt oleellisesti.

Taulukoissa 2 ja 4 sarakkeen Puuttuvat vuodet
tiedot poikkeavat osittain toisistaan. Ero atheutuu
siitd, ettd taulukossa 2 havaintovuotta ei ole kat-
sottu puuttuvaksi, jos havaintoja on tehty ainakin
osan atkaa vuodesta. Mikili tillaisena vuotena ha-
vaintokatkos on ollut niin pitki, ettd arvojen in-
terpolointi tai ekstrapolointi ei ole ollut mielekis-
td, on koko vuosi jitetty taulukon 4 keskiarvojen
laskuista pois.

Kuvissa 6—9 on esitetty pintaveden limpotilan
5, 10, 15 sekd 18°C isotermien ajankohdat kevailli
ja syksylld.

5. PAATOSMAININNAT

Timin julkaisun teon ovat mahdollistaneet ne sa-
dat hydrologian toimiston havaitsijat, jotka ovat
kuluneen kahdenkymmenen vuoden aikana suorit-
taneet havaintoja ja mittauksia. Erityistd apua sain
Martti Rikkoselta ja Erkki Karjalaiselta, jotka ovat
vuosikymmenien ajan omatoimisesti kirjanneet

Aineiston tilastoinnista ovat vastanneet Kaarina
Salmi ja Raili Torkkeli, joka on my&s jatkokisitel-
lyt aineistoa Silja Unkilan kanssa. Kuvien puhtaak-
sipiirtamisestd on vastannut Terttu Halme.

Helsingissi, helmikuussa 1982

Olli Laasanen
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possible to calculate only either the mean maxi-
mum Or mean minimum temperature.

The period for which the means are calculated is
either 1961—1980 or 1971—1980. The reason for
this is the increase in observation sites at the be-
ginning of both periods. Excluding the shorter
period would drastically reduce the number of sites
included in this report.

In Table 2 and 4 there is some inequality in the
column Missing years. The reason for this is that
in Table 2 the observation year is included if there
are observations from that year. If insufficient ob-
servations have been made to permit interpolation
or extrapolation, the whole year has been excluded
from the calculation of the means in Table 4.

The dates of 5, 10, 15 and 18°C isotherms of
surface water temperatures in spring and autumn
are shown in Figures 6—9:
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for the Hydrological Office over the last twenty
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special help from Martti Rikkonen and Erkki Kar-
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and break-up of Lake Saimaa and Oulujirvi far
from the shores for many years.

Statistics were prepared by Kaarina Salmi and
Raili Torkkeli, who has also further processed ma-
terial with Silja Unkila. The figures were drawn by
Terttu Halme.
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Olli Laasanen
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Kuva 6. Pintaveden limpétilan 5°C isotermin ajankohdat jaksolla 1961—1980 a) keviilli, b) syksylli.

Fig. 6.
autumn.

Dates of the 5°C isotberms of surface water temperature in 1961—1980 (a in spring, b) in
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Kuva 7. Pintaveden limpdtilan 10°C isotermin ajankohdat jaksolla 1961—1980 a) keviilld, b) syksylld.
Fig. 7. Dates of the 10°C isotherms of surface water temperature in 1961—1980 a) in spring, b) in
autumn,

Fig. 8.  Dates of the 15°C isotherms of surface water temperature in 1961—1980 a) in spring, b) in
autumn,
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Kuva 9. Pintaveden limpdtilan 18°C isotermin ajankohdat jaksolla 19611980 a) keviilld, b) syksylli.
Fig. 9.- Dates of the 18°C isotherms of surface water temperature in 1961—-1980 a) in spring, b) in
autumn,
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