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Soil temperature regimes in Finland
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Soil temperature regime substantially influences soil classification in Soil Taxonomy particularly in
temperate areas. To facilitate correct classification of soils of Finland, the temperature regimes in
soils of the country were determined. The mean annual soil temperature, measured at 50 cm below
soil surface, ranged from 6@ at the warmest site (Anjala) to 1® at the coldest one (Utsjoki,
Kevo), and the mean summer soil temperature from°C3t@ 6.2C at the same stations, all being in
the range of the cryic temperature regime. The mean annual soil temperature w&s Righbr than
the mean annual air temperature, the differencé@y,depending on the duration of snow coverage
(X, days) according to the following equation:

Y =0.0305 X -2.16, R=0.91, n = 9.
Even soils of the warmest areas in southern Finland and the mineral soils of the coldest areas in the
north, at least for the most part, have cryic soil temperature regimes. Therefore, most soils of Fin-
land, classified according to Soil Taxonomy, have hames where the cryic temperature regime appears
on the suborder or great group level.

Key words:cryic temperature regime, frigid temperature regime, pergelic temperature regime, snow
cover, Soil Taxonomy

|ntr0ducti0n in warmer soils receiving the same precipitation,
resulting in more humid soils in cool areas. In
cool wet soils, redoximorphic features are com-

Soil temperature influences pedogenesis in sevimon and leaching of weathering products is more
eral direct and indirect ways. Freezing and thaw-intense than in warmer soils. Also the build-up
ing cause mechanical weathering by breakingand decomposition of organic matter is influ-

mineral particles. During low temperatures, all enced by soil temperature.

chemical reactions are slow. Potential evapora- In Soil Taxonomy, soil temperature regime

tion is less in soils with low temperatures than substantially influences the name of a soil, par-
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ticularly in temperate areashe new Gelisol soil The purpose of the present investigation was
order, established in 1998 (Soil Survey Staf to find out, which soil temperature regimes oc-
1998), includes soils with a pglic soil tem-  cur in Finland.This is necessary in order to be
perature regime (mean annual soil temperatureable to correctly classify soils of Finland accord-
below C). InAlfisols, Andisols,Aridisols, In- ing to SoilTaxonomyThe study was carried out
ceptisols, Mollisols, Spodosols awdrtisols, the  on the basis of published data on soil and air tem-
cryic soil temperature regime (mean annual soilperatures. Firm evidence for the prevalence of
temperature 0=&, mean summer soil tempera- the cryic temperature regime was collected, pay-
ture below 18C) is expressed in the suborder ing particular attention to the northern and south-
level and many orders have cryic great groupsern tips of the country where also gelic and
(Soil Survey Stdf1998). frigid temperature regimes, respectivelye pos-
Mean annual soil temperature is commonly sible. Relationships were also developed be-
estimated from air temperature by addif1 tween soil and air temperatures.
to the mean annual air temperature (Soil Survey
Staf 1975). Even though this relationship holds
in most of the USA, it does not hold for exam-
ple inAlaska and the Great Lakes States, where Materials and methOdS
soil temperature is substantially higher than that
predicted from air temperature, owing to insula-
tion by snow (Smith 1986). Mokma and Sprech- Soil temperature is and has been measured at
er (1995) reported that in Michigan mean annu-several weather stations of tAgricultural Re-
al soil temperature was 2@ higher than mean search Centre of Finland (MTT) and Finnish
annual air temperature in regions that receivedMeteorological Institute. Soil temperature data
at least 1.5 m of snavDn this basis, it can be of nine selected stations (Fig. 1) were taken from
concluded that the commonly appliedfdience  annual reports of the research stations of MTT
of 1°C between mean annual air and soil tem-(available at the library of MT,T31600 Jokioi-
peratures does not hold in Finland either nen, Finland) and reports of the Finnish Meteor
Tentatively soils of Finland have been con- ological Intsitute The data sources are given in
sidered to have a cryic temperature regimedetail in Table 1.All results are from mineral
(Mount et al. 1995Yli-Halla 1997) and taxa like  soils. Data of air temperatures and length of snow
Haplocryods, Humicryods, Eutrocryepts, Dys- cover (Finnish Meteorological Institute
trocryepts, Cryosaprists, Cryaquepts and Cryop-1961...1990, 1991) were also us&dhe meth-
samments have been recognized (Mount et alods of measuring soil temperature were present-
1995,Yli-Halla and Mokma 1999). Soils of these ed by the Finnish Meteorological Institute (1979)
taxa are likely to cover most of the counffhe and by Heikinheimo and Fougstedt (1992). Data
evidence of the prevalence of the cryic soil tem-on soil temperatures in dérent periods was used
perature regime is not yet conclusive in the south,at the various station3his difference was not
where mean summer air temperatures may beconsidered a marked shortcoming because soil
above 18C and the frigid soil temperature re- temperature at 50 cm varies relatively little from
gime may occurOn the other hand, the palsa year to yearAt the Jokioinen observatargoil
mires in the very northern parts of Finland (e.g. temperature was measured every day through-
Seppala, 1988) are characterized by permanenout the year during the entire time whereas at

ice lencesThey inevitably have a pgelic soil ~ the other stations the measurements were car
temperature regime and are Histels, belongingried out at least every five days. Summer refers
to the Gelisol soil order to the months of June, July aAdgust.
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An = Anjala

H-V = Helsinki - Vantaa airport
Jo = Jokioinen observatory

Ki = Kilpisjarvi

Ko = Kotka, Rankki

La = Lappeenranta airport

Lo = Lohja, Porla

Ma-H = Maaninka, Halola

Maa = Maarianhamina Arctic
Ro = Rovaniemi, Apukka Circle
Sa = Salo, Kiirkki

So = Sodankyli observatory
Tj = Tohmajirvi

Tu =Tuusula

Ut = Utsjoki, Kevo

Uté = Korppoo, Ut

Vu = Vuotso

Yl = Ylistaro, Pelma

Results and discussion

Ki
Mean annual soil temperature decreases from 6.4
to 1.9C and the mean summer soil temperature
from 13.7 to 6.2C from the warmest site (Anja-
la) to the coldest one (Utsjoki, Kevo)dhle 1)
which lie about 1000 km apart in the south-north
direction (Fig. 1)At all stations that record soil
temperature, the mean annual soil temperature
is above OC and mean summer soil tempera-
ture is below 15C, indicating the cryic soil tem-
perature regime in the soils of the weather sta-
tions.Also the highest and lowest mean annual
soil temperatures of a single year (6-8atAn-
jalain 1989 and 0°€ at Utsjoki, Kevo in 1968,
respectively) were within the range of the cryic
Fig. 1. Location of weather stations where soil temperature'€gime. Only twice did mean summer soil tem-

was measureda() and stations where soil temperature was perature exceed 1€ (15.5C at Maaninka in
estimated on the basis of air temperat@} ( 1972 and 15.2C atYlistaro in 1980).

100 0 100 200 Kilometers
e e

Table 1. Soil and air temperatures and duration of snow coveffexedif weather stations in Finland. Soil temperatures
were measured at a depth of 50 cm below the soil surface.

Station and Location Period Soil Soll Air Air Air Air Duration of
and source annual summer annual summer annual summer snow cover
of data Mean Range MeanRange 1961-90 1961-90

°C °C °C °C °C °C °C °C days
Anjala, ¢ 60°43'N 26°48’'E  1982-90 6.4 51-6.8 13.7 11.8-14.8 4.2 15.3 3.9 15.3 153)
Jokioinen, ab 60°49'N 23*30’'E  1958-70 5.9 5.6-6.4 12.7 11.1-13.6 3.6 14.8 3.9 14.8 138
Maaninka, Halola, d 63°09'N 27°19'E 1968-80 5.3 4.6-6.2 135 12.3-155 2.3 15.1 24 14.8 166
Ylistaro, Pelma, d  62°56'N 22°30'E  1968-80 55 4.8-6.4 13.1 12.0-15.2 3.2 14.7 3.2 14.4 143
Tohmajarvi, Kemie, ¢ 62°14'N 30°19'E  1987-92 6.1 55-6.7 12.7 11.8-13.9 3.0 14.5 2.2 14.5 7P
RovaniemiApukka, c 66°35'N 26°01’'E  1984,87-90 3.8 2.3-5.3 10.1 8.2-10.8 0.6 12.9 -0.2 131 195
Sodankyla, bd 67°22'N 26°39'E  1963-80 3.0 1.8-3.8 12.1 10.2-139 -1.1 12.4 -1.0 12.3 208
Vuotso, b 68°05'N 27°11'E  1962-70 22 12-28 745581 -23 11.1 -2.0 1.4 215
Utsjoki, Kevo, b 69°45'N 27°02’'E  1966-70 19 09-24 6.2 3982 -28 11.0 -2.0 10.9 210

Snowcover measured &:Utti, 2 Kuopio airport,® Kauhava airport, ant! Joensuu airport

The sources of the soil temperature data:

a Finnish Meteorological Institute 1968

b Finnish Meteorological Institute 1979

cAgricultural research Centre of Finlathnual reports of the respective research stations (in Finnish)
d Finnish meteorological institute 1968...1980

The source of other meteorological data: Finnish Meteorological Institute 1958...1990
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%3 5 The three northernmost weather stations that
g 1. Jokioinen record soil temperature (Sodankyla observato-
5 2. Anjala ry, Vuotso and Utsjoki, Kevo) have mean annu-
© 4 | 3. Ylistaro al air temperatures below 2@. At those stations,

8_ 4. Maaninka the mean annual soil temperature is 4.1 t6@.7

£ 5. Tohmajarvi higher than mean annual air temperaturgb(é

*?_-’3 3 | 6. Rovaniemi 1). Application of this relationship to the weath-
© 7. Sodankyla er station of Kilpisjarvi (see Fig. 1) which had
2 8. Vuotso the lowest mean annual air temperature in 1961—
8 2}9. Utsjoki 90 (-2.68C) in Finland results in an estimated
] mean annual soil temperature of 1.5 to°2.1

ko) Application of the relationship in Fig. 2 to Kilpis-

3 r jarvi which has a snow cover for 240 days re-
S Y=0.0305X - 2.16 sults in an estimate 2€&. These results suggest
@ 0 ‘ . . that also in northernmost Finland mineral soils
O 50 100 150 200 o250  have a cryic rather than a petic soil tempera-

ture regime. Gganogenic soils are conducive to
lower temperatures than the nearby mineral soils.
Fig. 2. Relationship between duration of snow cover (days)Pessi (1957) reported that at Pelsonsuo, north-
;”‘”d dﬁrenczﬁbgtwteefndm?an f"‘“’l_ua' ?g:)aé‘g a"(tjet"r?gera'central Finland, a mean annual soil temperature
ures. I he coelcient or aetermination . an . . °
slope are statistically highly significant (P<0.001), F=71.27 of two year; for an ganogenic S.OII W.as 4'¢
and t=8.44, respectively lower than in a nearby sandy sdibplying this
difference to the current results of the most north-
ern mineral soils suggests a gelic tempera-
Mean annual air temperatures of the obser tyre regime in the ganogenic soils of the re-
vation periods were withiz0.8°C of the mean  gjon, in accordance to the existence of the palsa
annual air temperatures of the whole 30-yearmires.
period 1961-90 and the corresponding mean air  Anjala is the southernmost weather station
summer temperatures were withi@.3’C of the  in Finland recording soil temperature at 50 cm
long-term averages @ble 1).The soil tempera-  pelow soil surfaceTherefore, the soil tempera-
tures compare favorably with the (18- or) 20- tyres on the southern coast line and in the south-
year averages presented by Heikinheimo andyestern islands must be derived from air tem-
FOUgStedt (1992)|—he results of the observation peratures (ab|e 2)The h|ghest average (1961_
period are thus representative. 90) annual air temperature in Finland is €8
The mean annual soil temperature at the ninemeasured at Uto islandll weather stations on
weather stations is 2 to°6 higher than mean the southern coast of continental Finland have
annual air temperature ¢ble 1).The diference  mean annual air temperatures beld\€5except
is greater in the north and it is related to the du-Kajsaniemi in downtown Helsinki (5°2). At
ration of snow cover (Fig. 2)The relationship  yUts, the snow cover lasts for only 70 days and
between soil and air temperatures thus markedin Maarianhamina and Salo about 100 days
ly deviates from the commonly usedféifence  \hich is well outside the range (138-215 d) of
of 1°C developed for areas where snow is notthe equation in Fig. 2. Howevet can be con-
common. In Finland, the snow cover lasts for cluded from Fig. 2 that at these sites with a short
about 60 days on the most southern islands an@now coverage the mean annual soil tempera-
about 250 days in the extreme north (Solantie etyre is less than°Z above the mean annual air
al. 1996), resulting in a marked insulation of the temperature, resumng in mean annual soil tem-
soil from the cold air temperatures in winter peratures below 7°€. The mean annual soil

Duration of snow coverage, d
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Table 2. Measured air temperatures in 1961-90, estimated soil temperatures at 50 cm below soil surface and the duration
snow coverage at some weather stations in southern Finland (for locations of stations, see Fig. 1).

Station Location Mean annual Estimated mean Summer Estimated mearDuration
air annual soil air summer soil  of snow
temperature temperature temperaturéemperature  cover
°C °C °C °C days

uto 59°47'N 21°23'E 5.8 <7.8 14.7 13.1 70

Maarianhamina airport 60°07'N 1954'E 5.2 <7.2 14.6 13.0 108

Salo, Karkka 60°22'N 23’06'E 4.8 <6.8 15.7 14.1 104

Lohja, Porla 60°15'N 24°03'E 4.8 6.7 15.6 14.0 132

Helsinki-Vantaa airport 60°19'N 24°58'E 4.5 6.4 15.5 13.9 132

Tuusula, Hyryla 60°25'N 25°02'E 4.4 6.2 15.6 14.0 13

Kotka, Rankki 60°22'N 26°58'E 4.6 6.1 15.5 13.9 120

Lappeenranta airport  61°05’'N 28°09'E 3.6 6.1 15.4 13.8 154

YData of 1971 missing.

temperatures for other stationsTiable 2 were The present study shows that without a doubt
calculated using equation of Fig. 2 and estimatesa vast majority of soils of Finland have a cryic
between 6 and°C were obtainedAll weather  temperature regime. It can be concluded that in
stations on the southern coast and in the souththe north, some ganic soils, particularly palsa
western islands thus have mean annual soil temmires, have a pgelic temperature regime, co-
peratures which are in the range of the cryic andexisting with cryic mineral soils. No soil having
frigid regimes (0-8C). a frigid temperature regime was identified in the
In the cryic soil temperature regime, mean weather stations in the south even though such
summer soil temperature is below°C5and in  soils may occur in sites which have an excep-
the frigid regime it is above 2&. Mean sum- tionally warm microclimateThese sites include
mer soil temperature can be estimated by sub-illsides sloping to south and west, receiving
tracting 0.6C from mean summer air tempera- much solar radiation. Coarse-textured soils are
ture (Soil Survey St&f1975).According to data more conducive to the frigid soil temperature
in Table 1, mean summer soil temperature ofregime because the heat is transferred more rap-
mineral soils in the southern half of Finland is idly into the soil as compared to clayey ogar
1.6°C lower than the mean summer air tempera-nogenic soilsThe mean summer air tempera-
ture.At weather stations in southern Finland, the ture in Finland has been predicted to increase
mean summer air temperature is P&7at the by 1-2C by the year 2050 (Carter 1996). If this
maximum (Rble 2). Subtraction of 1°€ from shift takes place, many soils change from cryic
those temperatures results in mean summer soifo frigid. For the time being, howevéahe cryic
temperatures below 18 (Table 2), proving that temperature regime can be considered by far the
the soils on the southern coast and in the southprimary alternative in soil classification in all
western islands of Finland do have a cryic soil parts of Finland.
temperature regime.
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SELOSTUS

Maan lampétila Suomessa

MarkkuYli-Halla ja Delbert L. Mokma
Maatalouden tutkimuskeskus ja Michiganin osavaltion yliopisto, USA

Amerikkalaista alkuperéaéa olevassa maannosten luo-maan vuotuinen keskilampétila on 0-€8ja kesékuu-
kitteluun kehitetyssa Soifaxonomy -jarjestelmassa kausina alle 15C, maa kuuluu SoiTaxonomy -jar
kaytetaan yhtena luokitteluperusteena maan lampdéestelman lampétilaluokkaan ‘cryicT.allaiset lampo-
tilaa 50 cm syvyydessa. Maan lampétila vaikuttaa tilaolot vallitsevat valtaosassa Suomen maapexaa.
varsinkin viileiden alueiden maannosten nimilré- noa poikkeus ovat Pohjois-Lapin palsasuot. Niiss&a
man tutkimuksen aineistona kaytettiin eri lahteissa maan keskilampétila on todennékdisesti alf€ ga
julkaistuja tietoja maan lampotilasta Suomessa. Kunne kuuluvat |Ampétilaluokkaan ‘pgelic’.
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