BOREAL ENVIRONMENT RESEARCH 6: 261-273 ISSN 1239-6095
Helsinki 20 December 2001 © 2001

Evapotranspiration 1961-1990 in Finland as
function of meteorological and land-type
factors

Reijo K. Solantie? and Matti P. J. Joukola?

Y Finnish Meteorological Institute, Meteorological Research/Climate Research,
P.O Box 503, FIN-00101 Helsinki, Finland

2 Finnish Environment Institute, Hydrology and Water Management Division,
P.O. Box 140, FIN-00251 Helsinki, Finland

Solantie, R. K. & Joukola, M. P. J. 2001. Evapotranspiration 1961-1990 in
Finland as function of meteorological and land-type factors. Boreal Env. Res.
6: 261-273. ISSN 1239-6095

Basin-wise values of mean annual total evapotranspirdiothe periodl961-1990

were obtained from the water balance equation and examined using following factors:
the sum of effective temperature (over the land area), the relative area of open
peatlands, the amount of growing forest stocR (ra?), the proportion of dense
stands (i.e. the reduction in forests where evapotranspiration increases with the
volume of growing stock less than usual, due to the lack of water, reduced vitality
of trees and reduced evapotranspiration from the formst-flegetation), and lake
evaporation, taken from preliminary work. The values of the variables wste fi
obtained in 10 knx 10 km grid-squares, and then averaged over the basin areas.
96% of the total variance of the water balance evapotranspiration was explained. The
mean standard error is 14.6 mm, and the maximum 30.7 mm. Evapotranspiration
was determined separately foelfls, open peatlands, lakes and forests. As compared
with that of felds, evapotranspiration from open peatlands was 305 mm higher,
and from lakes 170-300 mm higher, with an inreasing difference southwards. In
Lapland evapotranspiration from forests was 35 mm higher than elds, fand in

other regions 50 mm higher. The change in evapotranspiration from 1961-1975 to
1976-1990 was also studied.

Introduction lated and explained by regression analysis by
Hyvarinenet al (1995). In this report, the same

Basin-wise values of mean annual evaportrarwork is carried out more thoroughly, using a

spirationfor the period1961-1990were calcu- larger number of accurate variables. This is
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important in order to understand the conseMethods
guences of land-use, both in forestry and envi-
ronmental planning, and and also for hydrologiEvapotranspiration as the sum of various
cal modelling. contributions
The total mean annual evapotranspiration
(mm over the total area, inland water bodie#lean evapotranspiration (mm y&arfor the
included) was considered to be the sum of varietal area (consisting of land and inland waters)
ous contributions (and a constant term), andas calculated from a regression equation as the
was explained by a corresponding regressiosum of various contributions. The variables con-
analysis. Each contribution was the product dfributing to explaining evapotranspiration are
a certain effect and the proportion of the arefirst given in their exact forms. Each contribut-
where this effect was valid, multiplied by theing factor is valid for a certain land-type, but
constant of the regression analysis. The effects given for the total land area (including lakes
were: and rivers). Concerning the classifiion of
the land-types used, ‘forestry land’ consists of
— the thermal effect (valid over all land areasforests and peatlands, i.e. practically all land
i.e. the total area excluding inland watemwith natural vegetation. The terms, the sum of
bodies); which gives the total evapotranspiration, are as
— the forest stands effect (occurring in forestollows:
stands), which gives increased evaporation
compared to that from low vegetation; it isc, = the constant term of the regression equation
assumed to be proportional to the volume of

growing forest stands); The thermal contribution:
— the dense stands effect (negative), occurring
in heavy stands, which have a relatively CE=c(1-L)T, (1)

smaller increase of evapotranspiration with
increasing growing stock due to the lackwherec, = a positive coeftiient,L = the propor-
of water in the soil, reduced vitality of thetion of land area covered by lakes and rivers
trees, and, especially, an appreciably reduceahd T = the sum of effective temperatures. Let
amount of forest flor vegetation due to a us denote daily mean temperatures for each date
lack of light. ‘Dense stands’ were dedid as i averaged over the period 1961-1990 (or any
a function of the volume of forest growing period considered), b. The value ot is then
stock and the humidity of the climate; and obtained by summing the positive values of
— wet mire effect, due to additional evapotrant, — 5 °C during the year. The valuesTofvere
spiration from water surfaces (occurring orobtained from Solantie and Drebs (2000).
open peatlands) and the effect of lakes.
The forest stands contribution:
The corresponding formulae are given in Chap-
ter “Methods”. CE=c,(1-L)UK,, (2)
The main changes in these factors and their
influence on changes in evapotranspiration wekherec, = a positive coeféient,U = the pro-
also studied. For this purpose, evapotranspiratiqrortion of land area covered by forest stands,
was calculated for the two periods 1961-197&nd K, = the mean volume of growing stock
and 1976-1990, and additionally for the yeafm?ha?) in such forests.
1992, using specifi values of certain forest
variables available for that year, while valuesThe dense stands reduction:
for the other variables were those for the period
1961-1990. CE=c,(1 -L)DF(K, =K), 3)
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where ¢, = a negative coeffient, D = the 20°E 30°E
proportion of forestry land, comprising heavy 70°N
and mature standB,= the proportion of forestry
land in the land area; furthe, = the amount

of growing stock in advanced thinning stands and
mature stands, if it is large enough to cause the
contribution by forest vegetation to evapotran-
spiration to be lower than GE'restricted’), due

to a lack of water (and lack of light for forest
floor vegetation), ankl, = the threshold volume

of growing stock above which the evapotranspi-
ration is restricted; note tha also varies
spatially. In cases oK, < K, this term is
neglected. Thusp = the proportion of such
forests of forestry land whekg > K.

65°N

The wet mire contribution:
CE=c,(1-L)N, 4)

wherec, = a positive coefient, andN = the
proportion of land area consisting of open peat-
lands. This contribution is approximated as being
proportional to the area of open or nearly-open
peatlands ievain Finnish). It accounts for the 60°N
excess evapotranspiration from shallow water
surfaces on peatland. Generally, water surfaces

. ig. 1. Zones (N, M, S, thick lines) and regions
on mires are concentrated on open perdtland:s'nsisting of basins for which evapotranspiration is

. CO
Most of the area of open peatlands are fens Wh'%ﬁtained (Capital and small letter, thin lines. Uniform
regularly become covered by snow melt watersines separate neighbouring regions while broken lines
In early summer, the shallow water layer on theeparate regions from neighbouring ‘empty’ areas.
peat gets relatively warm, but its area contracts$ = the northern boreal zone, Nn = Lapland, Ns =
during the middle of summer, becoming mord e, = western par of
e?(tenswe again later on. In southern and WeStegﬁstern Bothnia, Mse = south-eastern part of eastern
Finland are also found nearly-open peatlands tITB‘I:.)thnia. S = the southern boreal zone, Ln = northern
are Spaghnum bogs with permanent ponds. Lake-Finland, Lsw = south-western Lake-Finland, Lse
= south-eastern Lake-Finland, Sw = western Finland,

The contribution of lakes: Ss = southern Finland.

CEcle (5),

more detail in section “Evapotranspiration for the
where ¢, = a positive coefficient, and various land-types”), the thermal ter) & T),
e = evaporation from lakes in the considere@nd none, one or two other terms for those
area as given by Hyvarinest al (1995). The contributions valid for the land-type considered.
thermal contribution is calculated for all land-
types except permanent water bodies (rivers and Each contribution to the total evapotranspi-
lakes); consequently, the evapotranspiration famtion in the regression analysis is subject to
each land-type is the sum of (discussed in considerable areal variation: Referring to Fig. 1,
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the proportion of lakes is only high in Lake-the volume of growing stock therk ) exceeded
Finland, while the proportion of openefils a certain limitK  that depends on climatic and
is only large in southern and western Finlandsoil conditions.

the proportion of open peatlands is high in the Let us consider values for the periods
northern boreal zone but low in the southeri961-1975 and 1976-1990, and for the year
boreal. Further, dense stands only occur in thE992, using subscripts 61-75, 76-90, and 92 to
southern boreal zone, and there is a large varefer to them. On the basis of the results of the
ation in the volume of growing forest stockNational forest inventories, we can also estimate
between the regions. that during the period 1961-1990 there were, on

The proportions of the various land-typesaverage, 47% more logged or recently-planted
and their volumes of growing stock is based oareas than in 1992. We thus obtain (referring to
municipality forest statistics for 1992, compiledEg. 7):
by Tomppoet al (1998). The values were then
found for 10 kmx 10 km grid-squares, and Uy, o= [1 -, +AV) - 1.4M JF, (8)
corrected to correspond to the values for the
periods 1961-1990, 1961-1975 and 1976-199@here Dv =v,, .,
etc., based on forest statistics (llvessalo 195Wap.

Anon. 1974, 1979, 1986, 1992, 1994) for any From the results of the forest inventories, we
variableR, denoteR, ., R, ., andR, , etc., may approximately obtain:
respectively.

The nomenclature of the land-types intro-
duced into this study from the forest statisticand
requires detailed clardation. ‘Forestry land’ U
consists of ‘productive forests’ (their proportion
of the total forestry land area is denotednly The grid-square values of the volume of growing
of ‘poorly growing’ forests ), and of waste stock in forests with actual stands for the period
land §), consisting mostly of wholly or nearly 1961-1990, denoted b ., ., were obtained
open peatlands, but also of rocks, forest roads/ correcting the corresponding 1992 values:
etc. Forests also include, in addition to the areas
of actual stands, logged and recently-planted Kiers0= Kugy T AK,, (11).
areas. Denoting the proportion of such areas of
forestry land bym,, and the proportion of forests HereAK , is obtained as
with actual stands by, we note that

—V,,, Obtained from a separate

=[1-f,,+ 1.%v) - 1.6I_JF, (9)

U 61-75

76-90 2U61—90_ U61—75 (10)

AK =AK | /(1 -1.4Tn ). (12)
vim+w=v+m+m =1 (6)
AK . =the (negative) difference in the values
Further, denoting the proportion of the total lanaf the volume of growing stock in forests (pro-
area comprising forestry land Iy the propor- ductive and poorly growing) between the period
tion of the total land area comprising forestd4961-1990 and in the year 1992 in a grid-

with actual standdJ) can be given as square. Approximately we have

U=Fm =F(1-v-m,). (7 K
and

Dense stands form a certain part of forests, K
in which evapotranspiration is ‘restricted’, i.e.
less than that usually calculated for forests abhe changes in the volume of growing stock in for-
a function of the volume of growing stock. Inests are practically accounted for by the changes
the forest statistics, dense stands are included inrathe volume of growing stock in advanced thin-
group called ‘advanced thinning and mature forning and mature forests, comprising about 1/2.6
ests’. Such forests were considered as ‘dense’df forests with stands. Thus, we have

K,ep oot AK /2.6 (13)

U61-75 ' “U61-90

Kopo0—AK /2.6, (14).

U76-90 ' “U61-90
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AKpgy 5= Zgy Ko, + 3. 80K —K)), (15) to 10 mm (region X)K, , o, ranges from 200
to 120 ni ha™.
LK 600= Zre odKpe, + 1.EAK , =K ) (16) To estimate the wet mire contribution, it
and is necessary to estimate the temporal changes
AK ., 00= 05K, - +AK, . ). (17) of peatlands having an abundance of such sur-

faces. The proportion of open and nearly-open
Here Z indicates the occurrenc& (= 1) or peatlands in the northern part of the northern
absence = 0) of the dense stands contributionboreal zone remained constant in time, while
Z, .= 1in those grid squares wheig,, + in the other parts of the country a major part
3.6AK, >K, andZ,, ..= 0 whereK_, + 3.AK, of the peatlands was drained during the period
< K, or K, + 3.8AK, = K; note thatK = 1952-1988, causing a considerable decrease in
the threshold volume of growing stock abovesuch mires. Since practically all the waste land
which the tree evapotranspiration is restrictedn these areas consists of open (or nearly-open)
Further,Z,, ., = 1 whereK ., + 1.6AK, > K,  peatlands, the decrease in waste lands is practi-
andzZ, =0 whereK_, + 1.6AK <K jorK_ ., cally equal to the decrease in open peatlands
+ 1.6AK , =K,. due to draining.

To find the values ok, in order to estimate Remembering that the proportion of the land
where and to what degree heavy and denseea comprising open peatlands is denoteN,by
stands effect occurs, we begin with the fact thatnd that the proportion of forestry land compris-
the potential forest evapotranspiration increasesg waste land is denoted kiywe may write
by about 1.14 mm a year and by 0.25 mm in

July for an increase of 1%ha?! in the volume (N5, =Ny, od/(N;, —Ngo) =
of growing stock K), but on condition that the (Vo = Vey 69/ (Ve = Vi) (19)

water supply is unlimited, i.& <K (Hyvarinen

et al. 1995). On the other hand, let us compar&om which we obtain

two regions X and Y, both having equal precipi-

tation in July P.), while the evapotranspiration Ny, 00= N, = [V, = Vi o0/ (Vo, — Vo]

in July, without the effect of growing stock

(E, ), in region X isAE, , mm higher than in

region Y. Suppose now "that in the forests oThe average value of,( — v, ,)/(v,, —V,,) was
both regionsK = K, and that the amounts of calculated for an area consisting of the four forest
actual evapotranspiration are equal. In this casboard districts with most drained mireBt¢la-

we conclude that, approximatek(Y) — K(X) Pohjanmaa, Keski-Pohjanmaa, Pohjois-Pohjan-
= 4AE, , m® ha'. Correspondmgly, if €, , — maa and Kainuu); fov,, ., annual values were
P4 (EO - P), = 20 mm, thenK(Y) — approximated according to the results of the
K(X) =80 m“’ hal In the southern boreal zone,National forest inventories since the third in
the water resources for evapotranspiration arE951-1953. As a resulty,( — v,, )/(V,, — Vg
restricted, but in the middle boreal only seldom= 0.616. The ratidN,/N,, was approximated in
Thus, at the southern edge of the middle boregtid-squares as the proportion of undrained mires
zone whereK . = 200 ni ha', K = in 1988 (data provided by Kari T. Korhonen of

0, 61-90
200 nt ha! as well. Noting that in these areashe Forest Research Institute), and denoted by

(20)

_Nsaj 52) 52"

(B ; = P)ergo = =10 mm (Hyvarineret al  n,. Now, also employing the values of,
1995), we can make a rough but generally-valich grid-squares, digitalized by the author from
estimation: the map analyses of maps (13) and (16) in
llvessalo (1960), we obtain the grid-valued\of
Ko, 1_00(M° ) = for various periods as
160 — & ,—P.)soomm. (18)

Ny, o= N, — 0.616(1 AN, (21)

61-90
Accordingly, in the southern boreal zone where
(& ,-P ranges from —10 mm (region Y) N +0.530,,-N,, o), (22)

7)61—90 61—75 61 90
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Noo 0= Ng oo~ 0.530,,—N,, ) (23) forests of Enontekio so thamn(A) = 50% and
and m(B) = 20%. Poorly-growing forests make up
Ng, = NgN,.,. (24) the rest of the regions A and B; thus, in Inari
W(A) = 19% andwn(B) = 38%, and in Enontekio,
correspondinglyw(A) = 30% andw(B) = 60%.
Special conditions in northern Lapland The rest of the poorly-growing forests and waste
land were assignated to tundra. Consequently,
The transition between the northern boreal zone region C in Inari we have/(C) = 10% and
(A) and tundra (C), i.e. the subarctic belt (B)V(C) = 90%, and in Enontekid, correspondingly,
runs through the three northernmost municipaliw(C) = 12% and/(C) = 88%.
ties of Finland (Enontekit, Inari and Utsjoki). In each municipality, the tundra (region C)
For this reason, the municipality forest statisticsvas approximated as being uniform with respect
were developed into statistics for three separate V andw. In regions A and B, each being
regions, A, B, and C. The division was madeonsidered separately, the values mofwere
according to values df , . such that areas with approximated as being equal in all grid-squares,
L, o > 620 °Cd belong to A, areas with, ., while V varied according to the occurrence of
< 540 °Cd to C and the rest to B (Solantie antens, andw was determined as a residual. The
Drebs 2000). The land areas of the municipalivolume of growing forest stock per hectare of
ties consisted of these regions as follows (%): all land in the grid-squares was calculated as the
weighted means of their municipality values for

A B C the various land-types.
Enontekio 10.6 34.7 54.7 In northern Lapland, CE= 0, and
Utsjoki - 5.5 94.5
Inari 45.3 457 9.0 E=CE +CE +CE +CE +c,. (25

‘Forestry land’ comprised all land, and wasFor the period 1961-1990, the valuespfand
divided into productive forests, poorly growingE, are obtained as for the rest of Finland, but the
forests and waste land (with proportions (%)alues of CE and CE were taken as

denoted bym, w and V) so that their means

within each municipality equalled the statistical CGE CE,, (26)
values. All forests were assumed to be situateahd

in regions A and B. Thus, forests comprise 85% CE,, o, = Cl(1 —L/100)(m, K, o,

of region B in Utsjoki; making the approxima- AW K o, + (M, + W, )DK ., o], (27)

tion thatw(B) = 8% andV(B) = 7%, the rest

of the waste land and poorly-growing forests irwherem,, = the proportion of the area of for-
Utsjoki were assigned to the tundra (C); we thusstry land comprising productive forests in 1992,
havew(C) = 26% and/(C) = 74%. In regions A and AK , ,(A) = —4 n? ha', AK ., (B) =

and B, waste land consists mostly of oper2 n? ha', andAK ,, ,(C) =0 n? ha.

fens. The values o¥ in the grid-squares in Further, in each of the areas A, B, and C the
regions A and B for Inari and Enontekio werevalues of CE,, . were also applied for the other
therefore approximated by the proportion oferiods considered. For northern Lapland this
open peatlandsNj as produced from the map method was also applied in single grid-squares
analyses of llvessalo (1960) (maps 13, 16)f the northern boreal zone outside these three
however, in those grid-squares in Inari wherenunicipalities in situations whete< 620 °Cd.

N < 21%,V was approximated by 21%. Conse-

guently, on average in Inak(A) = 21% and

V(B) = 22%, while in Enontekit, correspond-Evapotranspiration for the various land-

ingly, V(A) = V(B) = 20%. The forests of Inari types

were divided between the regions A and B so

that m(A) = 60% andm(B) = 40%, and the Evapotranspiration for the various land-types
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was calculated as follows (with reference tdhe results of the preliminary research is the
Egs. 1-5: moderate signifiance of the dense stands reduc-
Forests, excluding openings: tion. The rather weak signifaince ofE, may
be caused by the rather high correlation of CE
E.=c,+ CE/(1-L) + (CE/U + CE_/DF) and CE (r = 0.69); i.e., part of CEmay be
I1-L)=c,+cT+cK, +c(K,—K). (28) included in CE (A simple experiment sustains
this assumption. Let us replace the value of
Cultivated felds, mires excluding open peat-c, = 0.81 by 1.13 obtained by Hyvarineh al.
lands, and openings in the forests: (1996), and the value af, = 0.388 by 0.371
to counterbalance this effect, so that the forest
E,=c,+CE/(1-L)=c,+cT (29). stands contribution should be on average 15 mm
higher and the thermal contribution 15 mm

Open peatlands: lower. As a result, the change in the explained
evapotranspiration would have a mean of =1 mm
E, =c,+ CE/(1 -L) +c,(CE/N) and standard deviation of 3 mm, and the stand-
I1-L)=c,+cT+c, (30) ard error of explanation would be only 0.2

mm higher). The highest correlation coei#nt

and lakes (r = 0.77) was between GEand CE, and
the signs of their constants became opposite,
E =c,+CE/L=c,+cCg. (31) as expected. The greatest negative correlation

was noted between GEand CE (r = -0.85),
and the second greatest between @&d CE

Results (r =-0.70).
Towards the end of the period, the dense
Main results (Tables 1 and 2) stands reduction increased, and exceeded the

increase in the forest stands contribution, which
The coeffcient of multiple correlation was 98%, well explains the appreciable decrease of evapo-
and 96% of the total variance of the evapotramation in the southern Lake-Finland area com-
spiration was explained. The mean error opared to the period 1931-1960. In the southern
explanation is 14.6 mm; for one basin only (basibboreal zone, growing forest stands generally
61.7.0, above Jaurakkajarven luusua) did thachieve a volume of 200°%ha? at around the
error of estimate (30.7 mm) exceed 30 mm. Thage of 50 years; at this stage, both growth and
coefficients were very close to those obtaine@vaporation show a decrease. On the other hand,
in the preliminary study by Hyvérineat al. in the old forestry system prevailing till the
(1995). All the contributions are sigrdéint at year 1960, forests were thinned during the rais-
the 5% level, and all but CEat the 1% level. ing period, with the result that a value for the
CE, and CE are the most signifant and accu- volume of growing forest stock of 200°rha*
rate variables. The most interesting addition tevas achieved at around the age of 70 years; the

Table 1. Statistical values of the regression analysis: coefficients of the variables in the regression equation for
evapotranspiration with their standard errors, t-statistics and p-values (Egs. 1-5).

Term Value S.E. t-statistic p-value
Constant term (c,) ¢, =-100.0 31 -3.3 0.002
Thermal contribution (CE,) c, =0.388 0.026 15.2 4x10718
Forest stands contribution (CE,) c,=0.81 0.40 2.8 0.007
Dense stands contribution(CE, ) ,=—4.1 1.14 2.1 0.046
Contribution of wet mires (CE,) c,=305.0 108 -3.6 0.001
Contribution of lakes (CE,) c, =131 0.09 12.7 1x 107
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reduced rivalry with neighbouring trees resultednm, which is three times the standard error of
in more light and nutrients and less soil frost foE. The high evapotranspiration from open peat-
single trees, so that growth and evapotranspiréands is expected, because in northern Finland,
tion continued to increase until this greater agavhere they are mostly concentrated, they are
However, with the present-day higher numbeusually covered by shallow water for a long time
of single trees per hectare, forests are moigter the snow melt covered. The evapotranspi-
productive, but have shorter periods of intensiveation from lakes K ) is the second highest.
growth for single trees. Further, the coverage ofhe difference betweeit, and E_ decreases
forest fbor vegetation has decreased from theouthwards from 130-140 mm in Lapland to O
1950s to 1990s by 43% and the coverage @hm in southern Finland. This is in accordance
shrubs by 53% (Vanha-Majanmaa 2000: tablevith the fact that the coverage and duration
6.3, p. 93); obviously the evapotranspiratiorof water surfaces on open peatlands decreases
from these has also decreased. Grouping tl®uthwards while the open-water period for lakes
basins as seen in Fig. 1, calculating evaporatiancreases. The speed at which winter deepens,
by land-types according to Eqgs. 30-33, ande.the rate of fall of mean temperature in late
weighing each evapotranspiration in the landautumn and early winter, decreases southwards,
type and basin considered by the relative area® that for a long period the loss of heat from
of each basin, we obtain the amounts of evapthe water surface of southern lakes only slightly
ration (mm yeat) by land-types (Table 2) exceeds thetlk of heat up to the surface by the

mixing of water. In Lapland evapotranspiration

from forests is 30 mm higher than from open
Spatial distribution of evapotranspiration fields; the corresponding difference in the other

regions being greater, i.e., 50 mm. This differ-
The evapotranspiration from open peatlarg3 ( ence increases southwards due to the increase
having shallow and warm water surfaces is greatér the volume of growing forest stock, albeit
than from other land-types, exceeding the evapdhis increase is partly eliminated by the effect of
ration from open &lds in all areas by about 305limited water resources.

Table 2. Evapotranspiration by land-types in basins of the various climatic zones and their regions.

Evapotranspiration from

Lakes  Open peatlands Forests Fields Land and lakes

E, E, E, E, E
Lapland 326 462 188 157 225
Kuusamo 404 514 257 209 285
Northern boreal 340 471 200 166 236
Northern part of eastern Bothnia 423 524 255 219 288
South-western part of eastern Bothnia 486 587 335 282 353
South-eastern part of eastern Bothnia 492 568 319 263 336
Middle boreal 469 561 305 256 327
Northern Lake-Finland 555 620 374 315 385
Western Finland 608 668 419 363 413
South-eastern Lake-Finland 601 677 392 372 440
South-western Lake-Finland 609 670 421 365 437
Southern Finland 691 691 444 386 435

Southern boreal 588 651 394 346 413
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Contributions of various land-types to the in all regions, except for the three northernmost
total evapotranspiration ones, where it is moderate. In most regions
this contribution is the largest, the exceptions
The contribution of the various land-types tdbeing the three northernmost regions and south-
the evapotranspiration of the total land area wasastern Lake-Finland. In spite of the occurrence
calculated according to Eqs. 1-5, the resultsf the dense stands reduction in the southern
being given in Table 3. regions, the forest contribution, obtained as the
A contribution to the total evapotranspirationsum of the forest stand contribution and the
is termed high with values of 31 mm or moredense stands reduction, is high in the same
moderate with values of 13 to 30 mm, weakegions where the forest stands contribution is
with values of 4 to 12 mm and insige#int with  high, with the exception of south-eastern Lake-
values of 3 mm or less. The relative area of opefinland, where it is moderate.
peatlands decreases rapidly southwards, while
the relative area of lakes increases slightly.
Thus, the contribution of open peatlands imApplication of the regression model:
Lapland and in the northern part of the middlgemporal changes in the evapotanspiration
boreal zone is high, and higher than the contrirom forests and open peatlands
bution of lakes. In the other parts of the northern
and middle boreal zone both contributions ar&@he contributions of forests, wet mires and
moderate. Regarding the contribution of opefforestry land as a whole to total evapotranspira-
peatlands in the southern boreal zone, it ison for the periods 1961-1975, 1976-1990 and
weak in the northern Lake-Finland area, andbr the year 1992, as calculated by the regression
insignificant in the other regions of this zonegquation, are given in Table 4; the correspond-
while the contribution of lakes in the regions ofing contributions of the two components of
Lake-Finland is high; in western and southertfiorest evapotranspiration are shown in Table 5.
Finland their contribution is moderate. In all Due to the large drainage operation carried
areas the combined contribution of fens andut on the peatlands in the middle boreal zone
lakes is from 17 to 66 mm. during the period 1961-1990, the area of affor-
The contribution from forest stands is highested areas and the evapotranspiration from grow-

Table 3. Contribution of lakes (CE
and forests (CE

Le1_00)» Wet mires (CE, ., ), forest stands (CE,, ), dense stands (CE
) to evapotranspiration from basins of the various climatic zones and their regions.

KlGl—QO)’

F61-90:

CElefgo CENBl—QO CEKG].—QO CEKIGl—QO CEF61—90
Lapland 11 36 21 0 21
Kuusamo 20 21 30 0 30
Northern boreal 13 33 23 0 23
Northern part of eastern Bothnia 9 33 25 0 25
South-western part of eastern Bothnia 16 20 33 0 33
South-eastern part of eastern Bothnia 23 13 38 0 38
Middle boreal 16 22 32 0 32
Northern Lake-Finland 39 5 46 -6 40
Western Finland 15 2 50 =12 38
South-eastern Lake-Finland 64 2 54 41 13
South-western Lake-Finland 44 1 56 -23 33
Southern Finland 23 2 45 -14 31
Southern boreal 44 3 50 -19 31




270 Solantie & Joukola * BOREAL ENV. RES. Vol.6

ing forest stands have increased. This increaseuthern boreal zone is —7 mm, in the middle
of evapotranspiration has been counterbalancdmbreal zone —2 mm, and in the northern boreal
by the reduction of evaporation from open peatzone —3 mm. The change in lake evaporation
lands. At the same time, the evapotranspiration iwas approximated by the effect of the mean
forests in the southern boreal zone has decreasdelrease of the open-water period between the
due to the structural change of the growingeriods, i.e., 8.5 days (based on dates published
forest stands, in spite of the increase in thia Anon. 1981, 1993). The decrease in evapora-
volume of growing stock. The dense standson for this reason was estimated to be 13 mm
reduction, as extrapolated to the year 1992nultiplied by the proportion of lake area. Thus,
is obviously exaggerated. The reasons are dithe effect is 0 to -4 mm.
cussed in section “The role of soils”. Let us then have a look at the ‘observed’
change of evapotranspiration, obtained from
the water balance equation. During the period

Discussion 1951-1980, 75% of the area of peatlands, i.e.
30% of the total area of the middle boreal zone,
Critical comparison: Changes in the total was drained. The total drop in water storage in
evapotranspiration from 1961-1975 to peat due to the drainage of a mire is from 50
1976-1990 as derived from the water to 100 mm, which means 15 to 30 mm for the
balance equation and the regression total area, i.e. 1-2 mm ye&aover a period of
equation 15 years (or 3 mm yedy because the ponds on

mires also lost most of their water due to the
When considering the changes in the total evakrainage). The drop before 1975 was, however,
potranspiration from the regression equatiompproximately equal to that since 1976, so that
(‘calculated’) between the two 15-years periodsheir difference and the effect on the change in
under review, corrections due to two effect®vapotranspiration were negligible.
should be taken into account. The change in the The ‘calculated’ and ‘observed’ changes are
thermal component of evapotranspiration in thgiven in Table 6. We may note that the cal-

Table 4. Contributions of forests (f) and wet mires (wm) to the total evapotranspiration; the time extrapolated
values in the southern boreal zone for the evapotranspiration in the forests are obviously too low and are
therefore bold.

1961-1975 1976-1990 1992
f wm wm+f f wm wm + f f wm wm + f
Lapland 18 36 54 24 36 60 24 36 60
Kuusamo 28 23 51 32 19 51 35 18 53
Northern boreal 20 34 54 26 32 58 26 32 58
Northern part of eastern Bothnia 23 38 61 27 28 55 32 27 59
SW part of eastern Bothnia 28 28 56 38 12 50 42 11 53
SE part of eastern Bothnia 33 17 50 43 9 52 44 8 52
Middle boreal 28 27 55 37 17 54 39 15 54
Northern Lake-Finland 39 7 46 41 3 44 27 2 29
Western Finland 43 3 46 33 1 34 =17 1 -16
South-eastern Lake-Finland 33 2 35 -7 2 -5 -43 1 —42
South-western Lake-Finland 49 2 51 22 1 23 -25 1 24
Southern Finland 39 2 41 23 2 25 -14 1 -13
Southern boreal 39 4 43 23 2 25 -5 1 -4
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culated change in evapotranspiration from thboreal zone the structural change in the forests
period 1961-1975 to the period 1976-1990 idoes not seem to have had any effect on eva-
in most regions practically the same as thgtotranspiration; this continued to increase with
observed. Of the two exceptions, for whichthe increase in the volume of growing forest
the deviations are more than 12 mm, that fostock. One possible reason is that only in these
Lapland is discussed below, and that for theegions do glacial clay soils dominate: this has
southern and western Finland in section “Théoth direct and indirect consequences. Clay
role of soils”. retains snow-melt water effently, so that the
In Lapland, the calculated evapotranspiratiosoil water storage on 1 June is on average about
did not change from the period 1961-1975 t49 mm larger than in the Lake-Finland area
1976-1990, while the observed evapotranspirgSolantie 1987). During the period 1 June to 15
tion decreased by 35 mm. This discrepancy mayeptember, the soil water storage in the southern
either be due to real but unknown reasons or tind southwestern areas decreases more than
the rather poor accuracy of precipitation values1 Lake-Finland, so that by 15 September the
there. storage in both regions is equal. Consequently,
forests on clay soils are able to evaporate more
than forests on moraine soils. As a result, the
The role of soils water uptake and growth of tall and dense stands
only reacts signifiantly to drought on moraine
In the southern and western parts of the southesoils. Clayey soils are also advantageous for

Table 5. The two additive components of the contribution of forest evapotranspiration during the periods
1961-1975 and 1976-1990, and in the year 1992. CE, = the forest stands contribution (mm) and CE,, =
the dense stands reduction (mm).

CEK61—75 CEK76—90 CEKQZ CEKt61—75 CEKt76—90 CEK(SZ
Northern Lake-Finland 40 52 59 -1 -11 (-32)
Western Finland 44 56 64 -1 -23 (-81)
South-eastern Lake-Finland 48 60 69 -15 -67 (-112)
South-western Lake-Finland 50 62 73 -1 -45 (-98)
Southern Finland 39 51 60 0 -28 (-74)
Southern boreal 44 56 65 -5 -33 (=70)

Table 6. Calculated and observed changes in evapotranspiration from the period 1961-1975 to 1976-90.

Calculated Observed
South-eastern and south-western Lake-Finland -45 -49
Northern Lake-Finland -4 -2
Southern and western Finland -20 25
Southern boreal zone 24 -19
SW and SE of the middle boreal -5 =17
N of middle boreal -9 -8
Middle boreal zone -6 -14
Kuusamo -4 -6
Lapland 1 -35

Northern boreal zone 0 -30
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agriculture; consequently, agricultural land comage errors of explanation of the total evapotran-
prises 30% of the area here. During the periospiration for the period 1961-1990 remain as
1961-1990, agricultural production has intensithey were (3 mm and 6 mm). In Western and
fied, which means an increase in the biomagouthern FinlandS = 10® m s, with the
production of felds, enhancing evaporation. Inexception of the Eurajoki and Kiskonki basins
accordance with this, the only basin of thg9% of the area), where it is 2@ m s In
middle boreal zone where evapotranspiratiothe two latter basins, the calculated value of
has increased is the Kyrdnjoki basin, which igvapotranspiration for the period 1961-1990
the only one where agriculturakfids comprise was initially 8 mm higher than the ‘observed’,
as much as 30% and where clay soils dominatehile for the other basins the corresponding dif-
in fields. A very recent map of the areal disference was —7 mm. When the amended values
tribution of the hydraulic conductivity of the are used, the ‘calculated’ values become equal
uppermost soil layer (Hannineet al 2000) to those ‘observed’ in both groups of basins.
shows small values north of the clayey areasm the Southern and Western Finland area, the
considered. Further, there is an extensive areamended values of 0.5¢GE+ CE(mm) for

of large values, covering south-eastern Lakehe periods 1961-1975, 1976-1990, and 1992
Finland and part of south-western Lake-Finlandbecome -2, —14, and —40, instead of the cor-
In calculating evaporation from the total areayesponding original CEH{mm) values of -1,

let us halve the value af for the dense stands —25, and —78. After these amendments, the dif-
reduction, and introduce the iitfation reduc- ference in the calculated and observed changes

tion CE as of total evapotranspiration between the periods
1961-1975 and 1976-1990 in south-western and

CE=0.5(1-1)[10- €, ,—P)sod south-eastern Lake-Finland is 28 mm, while in

(log S+ 8) (32) southern and western Finland it is =33 mm

(before the amendment, —45 mm).

in such areas where it is negative; elsewhere
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