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PREFACE

This paper is a continuation of the authors'
research series dealing with the possible hy-
drological changes in drained peatland influ-
enced by silvicultural treatments. Mr. PÄIVÄ-
NEN, the co-author, was responsible for the
throughfall experiment. He was also prima-
rily responsible for the description of the tree
stands growing on the sample plots. All other
parts of the study were carried out by myself.
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with me during this study. In particular
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SEPPÄLÄ and Mr. HANNU MANNERKOSKI,
B.For., who have helped me with the treat-
ment of the data collected.

The work was financed by the National
Research Council for Agriculture and Forestry
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1. AIMS OF THE STUDY

At the moment there are over three mil-
lion hectares of peatland drained for forestry
in Finland, and this area will be increased
by about 300.000 hectares annually. It has
been estimated that in 15 years there will
be about 6.5 million hectares drained for
forestry in our country.

Viewed against this background, it is under-
standable that the question of the effect of
silvicultural treatments on the hydrology of
drained areas is of great importance. This
kind of knowledge enables us to choose the
right methods of maintaining the large, drain-
ed areas.

The authors have previously published
some papers on the same subject (HEIKURAI-
NEN 1966, 1967, PÄIVÄNEN 1966). According
to these studies, clear cutting significantly
raises the level of the ground water, and
thinning seems to have the same effect,
though to a lesser degree. The changes in

interception and throughfall resulting from
cutting probably are the most important fac-
tors contributing to a rise in the level of the
ground water.

The aim of this study is to assess the effect
of cutting of different intensities. Special
interest was paid to the effect of fertilization
on the hydrology. As the studies referred
to above, this study, too, was concerned with
measuring changes in the ground water level,
throughfall, and snow cover. Measurement of
runoff, a factor previously omitted, is of
particular interest here.

This study focusses on the phenomena that
occur during the growing season. On the
other hand, the hydrology of the winter
season, too, has an important effect on the
conditions during the growing season (cf.
YLI-VAKKURI 1960). For this reason some
measurements were also carried out in the
winter.



2. LAYOUT AND DATA SAMPLING

21. Study area and measurements

The study was carried out in Central Fin-
land (61°50' N, 24°20' E). The altitude of
the study area is about 150 metres above
sea level. The annual mean temperature in
the region in question is +3°C and the mean
temperature for the month of July, +17°C.
The annual rainfall is about 600 mm and
that of the summer months (June-Septem-
ber), about 300 mm. The depth of the snow
cover is about 55 cm. The evapotranspiration
is about 300 mm annually.

In 1966 seven sample plots were marked off
in an area which had been drained about 50
years earlier and where a satisfactory Scots
pine stand of uniform age is presently grow-
ing. The size of the sample plots is 30 x 40 m.
Each sample plot was provided with a runoff
drain made out of perforated plastic pipe,
5 cm in diameter, eight ground water wells,
twenty rain gauges, and three snow depth

rods. These constructions are described in
more detail in Fig. 1.

Measurement of throughfall, depth of the
ground water table, and runoff was begun
in the summer of 1966, when the set-up in
the sample area was ready. These measure-
ments were continued in the following win-
ter, and the snow depth was also recorded.
In the next summer the same readings were
taken except for the snow cover measurings.
This period (1966—67) forms the calibration
period.

In the winter of 1968 all the cuttings in
the various sample plots were carried out,
and in the early spring, just after thaw, two
sample plots were fertilized. 600 kg/ha of
mixed fertilizer (N—PaO6— K2O, 14-18—10)
was applied. The following treatments were
used:

Figure 1. Layout of the study area and the constructions of the sample plots.



Sample plot Treatment
1 Control
2 Fertilized, May 4, 1968
3 Thinned in January 1968,

20 per cent of the volume
4 Thinned in January 1968,

40 per cent of the volume
5 Thinned in January 1968,

60 per cent of the volume
6 Clear-cut in January 1968
7 Fertilized, May 4, 1968

In the summer of 1968 and 1969 and in
the intervening winter all the measurements
were continued in the same way as during
the calibration period, besides in the winter
1970 the depth of snow cower was measured
once more.

During the period 1966—69, throughfall
measurements were carried out all summer
long, from about May 15 to September 15.
The only exception is sample plot 7, where
measurements were not performed during the
summer of 1966.

The measurement periods for the ground
water level, runoff and snow depth in all
sample plots were as follows:

Summer periods

1966, Sept. 7-Oct. 29
1967, May 18-Sept. 30
1968, May 7-Oct. 13
1969, May 14-Sept. 12

Winter periods

1966-67, Nov. 15-May 10

1968-69, Oct. 31-Apr. 29
1970, Febr. 27

Throughfall was measured during the sum-
mer periods on every rainy day with twenty
rain gauges systematically placed on each
sample plot. The 100 sq. cm sampling area
of the rain gauges was about 60 cm above
the ground surface. In 1968 some measure-
ments of the interception caused by logging
waste were made on sample plot 6. Gross
precipitation was also measured in the open
for the same period using a Lambrecht record-
ing rain gauge. More details concerning the
rain gauges may be found in PÄIVÄNEN (1966).

The measurements of the depth of the
ground water table and runoff were usually
made three times a week except during the
winter when measurements were performed
only once every ten days. After rain the meas-
urements were delayed for 24 hours if pre-
cipitation was less than 10 mm and for
48 hours if it was more than 10 mm.

The depth of the ground water table was
measured with a precision of two millimeters

with the equipment shown in Fig. 1. During
the winter the measurements were done with
a tape measure after the snow covering the
wells had been removed. After measuring,
the well was once again covered with snow.

Especially during the winter there was a
danger that the calibration sticks in the
ground water wells (cf. Fig. 1) might be
inadvertently moved when the snow was
removed. There was also the possibility that
the ground frost might move the calibration
sticks. Therefore, two height levellings were
done, first in the spring of 1967 and then in
the spring of 1969. According to these level-
lings and after careful comparison of several
wells, 19 wells were rejected from the mate-
rial. The number of wells for final treatment
in each sample plot are as follows:

Sample plot 1 2 3 4 5 6 7
Final n u m b e r of wells . . . . 5 6 6 5 6 5 4

Measuring runoff was done with a meas-
uring glass at the end of the runoff pipes.
Usually the amount of water discharged from
the pipes during one minute was measured,
but if runoff was copious, shorter periods of
measurement were used.

The tree stands growing on the sample
plots were measured in the fall of 1966. The
measuring methods used here are of the kind
ordinarily used in Finland and in many other
countries. Grown closure was measured in
per cents both before and after treatment
with the equipment developed by CAJANUS
(cf. SARVAS 1953). Some data on the tree
stands is given below.

iple
ot

1
2
3
4
5
6
7

Number of
stems per
hectare
1533
1959
1473
1573
1128
1218
2199

Volume
cu.m/ha

97.0
77.6

122.4
77.5

113.2
60.6
63.7

Increment
cu.m/ha/

year
3.6
2.6
3.4
3.0
4.4
3.2
2.7

Crown
closure

per cent
53
48
49
49
52
41
55

We can see that stands differ markedly
from plot to plot. The research method used,
however, does not require uniform tree stands
on each sample plot. In this respect similarity
of tree stands on the sample plots is satis-
factory. Also, the crown closure indicates
satisfactory similarity of the tree stands on



different sample plots. The tree stands are,
furthermore, of uniform age, about 45 years
old, and they are composed exclusively of
Scots pine.

The sample plots are relatively small
(30 x 40 m), but the treated areas overlap
them such that similarly treated areas cover
about 1/4 hectare, as shown in Fig. 1.

22. Effect of treatments on the tree stand

Owing to the importance of thinning in-
tensity in this study, it is necessary to survey
the thinnings used more closely. We said
before that 20 per cent of the volume was
cut on sample plot 3, 40 per cent on sample
plot 4, and 60 per cent on sample plot 5,
whereas sample plot 6 was clear cut. The
changes in stem number and especially in
crown closure, are hydrologically more im-
portant than the changes in volume. Follow-
ing figures show the thinning intensities in
these respects.

SI em number
^'1o removed Crown closure, per cent
Äf, Pct" Per 1967 1969 change
P l o t hectare cent

3 493 33 49 44 - 1 0 . 2
4 773 49 49 42 -14.3
5 613 54 52 33 -36.5
6 1218 100 41 0 -100.0

We found that thinnings on sample plots
3 and 4 did not have a very different effect,
especially on the crown closure, but that the
diminishing of it was of about the same
magnitude on both sample plots. The effect
of thinning on the crown closure on sample

plot 5 was much heavier. We can consider
that the effect of thinnings of 20 (sample
plot 3) and 40 per cent (sample plot 4) is
roughly the same, but that the 60 per cent
thinning (sample plot 5) differs markedly
from these.

It is well known that the first response of
trees to fertilization is an increase in needle
length. This is observable from the first grow-
ing season after fertilizing. The increase in
diameter growth and shoot growth of Finnish
pine stands does not become evident until
the second, third, or even fourth growing
season after fertilizer application (VIRO 1965,
PAARLAHTI 1967). For this reason it made
no sense to study the effect of fertilization
on the increase in diameter or shoot growth
but only on the length of needles. Needle
samples were accordingly collected in August
1969 from five medium-sized trees on each
sample plot. The needles were systematically
collected from the south side of the same
whorl or branches. The results, which are
arithmetic means of 200 measurements for
each sample plot, are given below.

«i-imnlp ™ L.engin 01 neeuies, mm
sample Treatment

P l o t 1967 1968 1969
1 Control 35.0 ± 0.7 33.9 ± 0.5 34.0 ± 0.7
2 Fertilized 33.5 ± 0.9 47.9 ± 0.5 47.3 ± 0.7
7 Fertilized 33.4 ± 0.6 49.1 ± 0.7 47.3 ± 0.8

Grown closure on the fertilized sample
plots is roughly the same as on the control
plot, as is shown below.

Sample Crown closure, per cent
plot 1967 1969 change

1 53 54 + 1.9
2 48 49 + 2.1
7 55 56 + 1.8

We can consider that during the period
of this study the only marked response to
fertilization is an increase in needle length;
this is only later followed by other responses
such as increase in growth and crown closure.
It is also very likely that the amount of need-
les fastened to the shoots will increase only
after the period of this study. Therefore the
results presented here are not final.



3. RESULTS

31. Precipitation

311. Throughfall

Throughfall on the sample plots was deter-
mined as the arithmetic mean of the quanti-
ties measured after each individual shower
by 20 rain gauges with a precision of 0.1 mm.
Because stemflow is almost negligible in pine
stands during normal showers (PÄIVÄNEN
1966), it was not measured in this study.

The usual way to survey the throughfall
and its possible changes is to describe it as
a function of gross precipitation (cf. e.g. Ro-
GERSON 1968). This method was tried using
a regression analysis in which gross precipita-
tion before and after treatments was the in-
dependent and the corresponding throughfall
on the control plot, the dependent variable.
The difference between the regression coef-
ficients was found to be significant at the 5 %
level (t = 2.04* and t,% - 1.99). The fact
that the ratio of gross precipitation to through-
fall is not constant may be caused by the va-
riation in the direction of the prevailing wind,
the average intensity of the precipitation,
and the needle mass annually produced in the
stand. In any event the possibility of changes
in the ratio of gross precipitation to through-
fall means that it is more reliable to study
the effect of treatments on the throughfall
with regression analyses in which the con-
trol sample plot is an independent and the

thinned, clear-cut, and fertilized sample plots
are dependent variables. The method is in
principle the same as the one we shall use
to study the problem of ground water table.
This method is all the more suitable because
the difference between the regression equa-
tions will show directly the possible effect of
the treatment on the amount of throughfall
reaching the ground. The regression between
throughfall and gross precipitation is not
linear because the canopy saturation pheno-
menon bends the point cluster (see e.g. LEY-
TON et al. 1966).

A preliminary graphical examination show-
ed that there were no marked differences in
the ratio between the throughfall on the con-
trol plot and on the treated plots during the
two growing seasons, either before or after
the treatments. For this reason the material
was analyzed only for the groups of the
calibration period and the period after treat-
ments.

The method described above yields the fol-
lowing equations correlating the throughfall
on the control plot with that on the thinned
and clear-cut sample plots (see also Fig. 2).
Included below are also testings of the dif-
ferences in the regression coefficients before
and after treatments.

Sample
plo t treatment

3 Thinning, c: l

20 per cent a:
4 Thinning, c:

40 per cent a:
5 Thinning, c:

60 per cent a:
6 Clear c:

cutting a:

Function and correlation
coefficient

y = 0.1 + 1.035x,
y = 0.2 + 1.084x,
y = 0.1 + 1.012x,
y = 0.2 + 1.069x,
y - 1.027x,
y = 0.2 + l.lOlx,
y = 0.994x,
y = 0.5 + 1.175x,

r =

r =
r =
j* ^

r =
r =

0.998
0.999
0.997
0.999
0.998
0.993
0.997
0.997

Testing
1 (bc-ba)
5.09***

5.21***

4.10***

12.34***

1 c (before the function and as an index) indicates the calibration period and a, the period after treat-
ment.
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Figure 2. Effect of thinning and clear cutting on throughfall. (Unbroken line = before treatment,
broken line = after treatment.)

Even the lightest thinning clearly increased Using the equations above we calculated
the difference between the regression coef- the following increase in the throughfall when
ficients to a highly significant degree. the throughfall varies on the control plot.

Sample Treatment Throughfall on the control plot, mm
P l o t 5 10 15 20

Increase in throughfall, mm
3 Thinning, 20 per cent 0.4 0.6 0.9 1.2
4 Thinning, 40 per cent 0.4 0.6 0.9 1.3
5 Thinning, 60 per cent 0.6 0.9 1.3 1.7
6 Clear cutting 1.4 (0.9) 2.3 (1.5) 3.2 (2.0) 4.1 (2.5)



11

As cutting becomes heavier, throughfall
also increases. The difference between the
effect of the two lightest thinnings seems to
be almost negligible.

The throughfall measured 60 cm above
ground surface does not show the whole
amount of rain reaching the ground because
of the interception of the logging waste es-
pecially on the clear-cut sample plot (cf. e.g.
GOODEL 1952). Therefore, the throughfall was
also measured during the first growing season
after treatments with ten rain gauges system-
atically placed on flush with the ground
surface in the clear-cut sample plot. Owing
to the small number of rain gauges the meas-
ured values are not strictly reliable, but ac-
cording to these measurements the average
interception of the logging waste was 9 per
cent. This amount of interception seemed to
decrease with the shedding of needles during
the late summer. During the next growing
season these measurements were not con-
tinued, but it is likely that the interception
of the logging waste would then have been
almost negligible. The preceding table gives
in parentheses the increase of throughfall
when the effect of the logging waste has
been taken into consideration (in sample
plot 6). It is obvious that on other sample
plots, too, the increase in throughfall would
be a bit smaller if the interception of logging
waste were included.

The following equations give the through-
fall on the fertilized sample plots before and
after treatment as functions of the through-
fall on the control plot.

Sample Function and correlation Testing
plot coefficient t(bc—ba)

2 c: y = -0 .1 + 1.063 x, r = 0.998 „ n i •«,
a: y = -0 .1 + 1.035 x, r = 0.999

7 c: y = 0.1 + 1.029 x, r = 0.995
a:y = 0.998 x, r = 0.999

The result is not so clear as with thinning.
The difference between regression coefficients
before and after fertilization is significant
only for sample plot 2. On sample plot 7 the
variation is so great, especially before fertiliza-
tion (see Fig. 3), that the difference does not
reach a significant level. One reason for this
is that sample plot 7 is the only one for
which the calibration period is exclusively
based on material from 1967. It is never-
theless very likely that fertilization has the
effect of diminishing the throughfall on
sample plot 7, too.

The decrease in throughfall caused by fer-
tilization is shown below.

Sample Throughfall on the control plol, mm
P l o t 5 10 15 20

Decrease in throughfall, mm

2 0.1 0.2 0.4 0.6
7 0.2 0.3 0.5 0.7

Figure 3. Effect of fertilization on throughfall. (Unbroken line = before treatment, broken line = after
treatment.)



12

The decrease in the throughfall is quite
small, yet we must bear in mind that the
period of investigation was restricted to the
first two years after fertilizing and that the
main effects of fertilization on the tree stand
will be evident only after three or four years,
as stated above (cf. p. 8).

It may be worth while to express in per
cents the mean change in throughfall brought
about on different sample plots by the various
treatments. The figure in parentheses indi-
cates the change in throughfall during the
first summer after cutting (cf. p. 11).

Change in
Sample Treatment throughfall,

plot p c r c e n l

3 Thinning, 20 per cent +7 .3
4 Thinning, 40 per cent f 7.9
5 Thinning, 60 per cent -|- 11.6
6 Clear cutting + 28.5 (+ 19.5)
2 Fertilizing - 5.8
7 Fertilizing — 4.0

It is clear that these changes, including the
rather small ones caused by fertilization, must
be important in determining the water con-
ditions of the soil.

312. Snow cover

The depth of the snow cover was recorded
using the simple expedient of three permanent
snow depth rods on each sample plot. In the
final phase of data gathering only midwinter
recordings were included because the snow
cover in the fall and during the spring thaw
was very changeable. The final calculations
were made from only six measurements for
the calibration period and seven for the period

after treatments. The figures for the depth
of the snow cover, in centimetres, were con-
verted into relative figures in the following
manner: The figures for the control plot were
assigned the value of 100 and all the others
were calculated in accordance with them. The
results based on these calculations are given
below.

Sample plot 2

Period after treatment (1969) 100.9
Calibration period (1967) 100.8
Difference +0.1
Testing, t 0.03

3

113.7
110.7
+ 3.0

1.13

4

105.2
103.7
+ 1.5

0.53

5

114.0
98.9

+ 15.1
6.15**

6

137.6
95.1

+ 42.5
8.56***

7

104.7
103.1
+ 1.6

0.84

The depth of the snow cover was measured
for the second time on February 27, 1970. On
each sample plot twenty measurings were
taken at regular intervals. The results can be

seen from the following figures, which are
calculated according to the same method as
previously.

Sample plot 2

Measuring 1970 100.0
Calibration period (1967) 100.8
Difference -0.8
Testing, t 0.15

112.2
110.7
+ 1.5

0.34

4

113.4
103.7
+ 9.7

2.66*

5

117.7
98.9

+ 18.8
6.21***

6

134.4
95.1

+ 39.3
10.42***

7

98.1
103.1

-5.0
1.01

We may conclude from the results that cut-
ting increases the depth of the snow cover,
and that the increase is the greater the heavier
the cutting. Particularly the results from the
year 1970 are clear. An influence of fertiliza-
tion is also likely; the depth of the snow cover
decreases, but only during the second winter
after treatment.

Unfortunately, conclusions based on the
limited number of snow cover readings avail-

able are, at best, risky, especially concerning
the melting of the snow cover, a factor which
seems to be important in explaining certain
phenomena of runoff and ground water level
in the spring. The observations made during
spring thaw point to the fact that cutting
speeds up melting. This has, indeed, been
known for some time (cf. e.g. YLI-VAKKURI
1960).
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32. Depth of the ground water table

321. Effect of thinning and clear cutting

The data on the depth of the ground water
table were handled as follows.The mean depth
of the ground water table was calculated for
each reading time and sample plot. The re-
gressions for the calibration period (1966—67)
and for the period after treatments (1968—69)
were calculated so that the figures for sample
plot 1 (control) were the independent vari-
ables and the figures for the thinned sample
plots (3, 4, 5) and the clear-cut sample plot
(6), the dependent variables. For a reason
which will be discussed later in more detail,
the few winter readings were not included in
the analysis.

The years after treatment did not differ
from each other and it was thus possible to
group the readings after treatments together.

An exception is sample plot 6, where there
seems to be a variation between the two
years after clear cutting. Nevertheless sample
plot 6 was also handled in the same way as
the others (cf. p. 14). Figure 4 shows the
results.

The differences between the regression lines
representing the calibration period and the
period after treatment were studied in two
stages. Firstly, the t-test was used to ascer-
tain if there was any significant difference
between the regression coefficients. Secondly,
when the regression coefficients did not dif-
fer from each other, covariance analysis was
used to test whether the levels of the regres-
sion lines differ from each other. The equa-
tions and testings are as follows:

Sample
plot

3

4

5

6

F

c:
a:
c:
a:
c:
a:
c:
a:

unction

y =
•y = =

V =

y =
Y =

Y =

y =
y =

and

0.1
3.3
0.6
1.6
9.4
6.2

10.1
11.7

correlation

+ 1.03 x,
+ 0.89 x,
+ 0.94 x,
+ 0.85 x,
+ 0.78 x,
+ 0.71 x,
+ 0.75 x,
+ 0.47 x,

coefficient

r = 0.993
r = 0.981
r - 0.987
r = 0.970
r = 0.971
r = 0.949
r = 0.962
r = 0.815

Testing
t(b c-b a) F(a c - aa)

5.447***

2.736**

1.913 203.42***

5.821***

The testing points to the fact that in all
cases the ground water is at a higher level
during the period after treatment than during
the calibration period. In other words: thin-
nings and clear cutting have the effect of
raising the ground water table.

Figure 4 shows that the rise in ground water
table seems to be the greater the heavier the
cutting has been. In the following figures the
difference between the regression lines before
and after treatment are to be read in centi-
metres. In other words, the figures show the
rise of the ground water table due to cuttings.

Depth
Sam- Treatment and of ground water table
P*e thinning intensity on control plot, cm
plot _

2.) 35 45 55
Hise of ground

water table, cm
3 Thinning, 20 per cent 0.2 1.8 3.1 4.1
4 Thinning, 40 per cent 1.1 2.1 3.0 4.1
5 Thinning, 60 per cent 5.0 5.5 6.3 6.9
6 Clear cutting 5.3 6.0 12.0 13.7

We see that the rise of the ground water
table is the greater the heavier the cutting.
The difference between sample plots 3 and 4
seems to be an exception. The reason for this
might be that the thinning did not actually
reduce the crown closure on sample plot 4 as
much as it was expected on the basis of the
removed volume. This said, the results on the
effect of thinning and clear cutting on the
ground water level are quite logical.

The great dispersion on sample plot 6 per-
haps merits closer examination. We can see
that most of the points for 1968 are closer to
the regression line of the calibration time than
the points for 1969 (cf. Fig. 4). The most
likely explanation for this is that because the
interception due to fresh logging waste just
after cutting diminished the amount of water
reaching the ground (cf. p. 11), the ground
water table in the first summer after cutting
did not rise so much as in the second sum-
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Figure 4. Effect of thinning and clear cutting on the depth of the ground water table. (Unbroken
line = before treatment, broken line = after treatment.)

mer when the needles of the logging waste
had already fallen.

The winter readings are widely dispersed,
especially following treatments (see Fig. 4).
This is difficult to explain. One reason may
be different runoff during the winter. In the
winter of 1969 the runoff drain on sample

plot 1 worked until March 5, whereas all the
other runoff drains had frozen by January 23.
Thus it is understandable that during the
winter of 1969 the depth of the ground water
table was greater in sample plot 1 than in the
other sample plots.
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322. Effect of fertilization

The method of analysing the data is the
same here as in the preceding section. Because
the effect of fertilization becomes visible only
gradually — as was expected — the years
after treatment were calculated separately.

Figure 5 gives the general results. A closer
survey of the functions is provided below.
The method of testing is the same as in the
foregoing section.

Sample _. _ ,. , . . . ,„.. . Testing
plot lime period Function and correlation coefficient [ (j, _jj ) F (a —a )

2 Calibration y = -5.4 + 1.07 x, r = 0.97G
1968 y = 1.8 + 0,96 x, r = 0.983 (2.696**) 70.00***
1969 y = -0.9 + 1.07 x, r = 0.996 0.008 110.62***

7 Calibration y = 8.4 + 0.69 x, r = 0.970
1968 y = 8.7 + 0.71 x, r = 0.986 0.710 17.77***
1969 y = 9.9 +• 0.82 x, r = 0.991 1.715***

The functions and testings indicate that
already in the first summer after fertilizing,
which was done in early spring, the ground
water table sinks a little. The differences in
coefficient b are not significant. In this case
of sample plot 2, the deviation of the regres-
sion line between the calibration period and
the year 1968 is converse and difficult to in-
terpret (see also Fig. 5). The differences in
the constant a, however, are in both cases
highly significant. In the second year the
deviation is clear and much greater. The in-
crease in the depth of the ground water table

in the second year after fertilizing can be seen
in the following figures.

Sample Depht of Hie ground
plol waler table on the control plot, cm

25 :J5 45 55

Increase in I he
depth of I he ground water table, cm

2 4.8 4.7 4.6 4.6
7 4.7 6.0 7.3 8.5

In this connection it is difficult to satis-
factorily explain why the change in direction
of the regression lines differs a bit on these

Figure 5. Effect of fertilization on the depth of the ground water table. (Unbroken line = before treat-
ment, broken line =• after treatment.)


