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ABSTRACT

Aim of the study
The aim of the study was to investigate the effect of hurricane-driven deforestation and reforestation on diur-
nal changes in soil temperatures in the Tatra Mountains (Poland).

Material and methods

Soil temperature was measured at 0.20 m of depth in the mineral soil horizons on both north-facing and
south-facing slopes in the deforested subcatchment and in the control woodland subcatchment. Soil tem-
perature measurements were collected every 10 minutes in 2015-2020. The cross-correlation analysis was
applied in order to determine the magnitude of the delay of soil temperature to air temperature changes at
four studied sites during a day.

Results and conclusions

The effect of deforestation on diurnal changes in soil temperature manifested itself mainly via a larger range
of diurnal soil temperatures during warmer part of the year. In the summer months the diurnal soil tempera-
ture range for deforested slopes was 1 to 3°C higher than that for wooded slopes. Diurnal soil temperature
ranges were found to strongly decline with reforestation. Deforested slopes were characterized by a more
rapid soil temperature reaction to changes in air temperature over the course of the day. Cross-correlation
revealed that soil temperature changes on a deforested, south-facing slope occurred 4 to 5 hours later relative
to changes in air temperature, while the delay for a wooded slope facing the same direction was usually 7 to
8 hours. Soil temperatures in the summer, both during the day and at nighttime, were higher on deforested
slopes than wooded slopes. This indicates that deforestation may significantly intensify soil warming caused
by global climate warming.
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INTRODUCTION caused surface temperature increases of 0.38°C and

0.16°C from 2000 to 2010 in tropical and temper-
Deforestation affects 0.13% to 0.20% of the Earth’s  ate regions, respectively, while reforestation caused
surface every year (Chakravarty et al., 2012). One of  declines of —0.18 and —0.19°C in the same regions.
the effects of deforestation is soil temperature change.  Therefore, deforestation may significantly increase
According to Prevedello et al. (2019), deforestation  soil warming caused by global climate warming (Hu
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and Feng, 2003). Most studies suggest that deforesta-
tion triggers a very large increase in soil temperature
in the warmer part of the year (Donnelly et al., 1991;
Bhatti et al., 2000; Moroni et al., 2009; Hu et al., 2013)
as well as small changes in the cooler part of the year
(Donnelly et al., 1991; Hashimoto and Suzuki, 2004;
Moroni et al., 2009). Ultimately deforestation may
also lead to increased seasonality in soil temperature
(Londo et al., 1999; Bhatti et al., 2000; Moroni et al.,
2009).

Deforestation also affects soil temperature chang-
es over each 24-hour period (diurnal changes). Di-
urnal soil temperature variation plays an important
role in biogeochemical processes occurring in the
soil. They are a very important factor shaping daily
fluctuations in the concentration of labile soil phos-
phorus (Vandecar et al., 2009), methane emissions
(Mikkela et al., 1995), and soil respiration — soil CO,
efflux (Davidson et al., 1998; Subke et al., 2003,
Uvarov et al., 2006; Tang et al., 2008). Hick Pries
et al. (2017) noted an increase in CO, loss of 34%
to 37% from the first meter of the top mineral soil
horizon with a rise of 4°C in soil temperature. The
diurnal soil temperature range also determines the
composition of the microbial community and level of
microbial activity (Uvarov et al., 2006; Vandecar et
al., 2009). Despite this level of relevance of soil tem-
perature in ecosystem functioning, soil temperature
has not been analyzed as much as other environmen-
tal variables (Bai et al., 2014; Jungqvist et al., 2014;
Oni et al., 2017).

The aim of the study was to identify the effects
of deforestation triggered by hurricane-force winds
in 2013 on diurnal soil temperature changes recorded
on mountain slopes facing north and south in the Ta-
tra Mountains in Poland. A windthrow event with the
maximum hourly average wind velocity of 29 m-s™
occurred on 25 December 2013 (Strzyzowski et al.,
2016). Initial field research focused on soil tempera-
ture measurements on hillslopes in a deforested area
in order to compare the results with those for an adja-
cent woodland subcatchment. However, a rare oppor-
tunity occurred in the course of the study — an oppor-
tunity to directly observe the effects of deforestation
and reforestation on soil temperature in the same
subcatchment. The studied woodland subcatchment
was first affected by the bark beetle (Zelazny et al.,
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2018), which weakened spruce stands in 2018, and
this was followed by very high winds in 2019 that
toppled many of the trees (field observations). On the
other hand, the deforested subcatchment was refor-
ested. It also experienced gradual natural forest and
bush succession.

STUDY AREA AND METEOROLOGIC BACKGROUND
INFORMATION

The study was conducted in two small subcatchments
of the Koscieliski Potok catchment: (1) Posrednia
Kopka, a hurricane-deforested subcatchment (area:
14.4 ha), (2) Konczysta Turnia, a woodland control
subcatchment (area: 14.1 ha). Both subcatchments
are located in the Western Tatra Mountains in south-
ern Poland (see: Fig. 1). The woodland subcatch-
ment is located at an elevation of 968 to 1,264 me-
ters, while the deforested subcatchment is located
at an elevation of 940 to 1,200 meters. The study
area is underlain by sedimentary rocks: limestone,
sandstone, conglomerates — these are covered with
Rendzic Leptosols (Skeletic) and Haplic Cambisols
(Eutric) (Skiba et al., 2015). The soils in the study
area are most often 0.40 to 0.60 m deep. In the wood-
land subcatchment, the soils are characterized by the
occurrence of the O horizon (0.01 to 0.05 m), while
soils in the deforested subcatchment lack this horizon
(Zelazny et al., 2018).

According to Hess (1965), the study area is located
in a temperate climate zone. During the study period
(2015-2020) the warmest months of the year were
June, July, and August, with the mean monthly air
temperature exceeding 10°C (see: Fig. 2). The coolest
months of the year were usually December, January,
and February, with the mean monthly air tempera-
ture decreasing below 0°C. The summer months were
characterized by the highest atmospheric precipitation
totals of the year (see: Fig. 2). Snow cover usually oc-
curred from October or November to April or May.
The average monthly snow depth reached usually 300
to 400 mm, with as much as 800 mm, noted in Decem-
ber, January, and February. Exceptionally low snow
cover depths were noted in the winter of 2015/2016
(see: Fig. 2).

Until December of 2013 the study area was covered
with an 85 to 150 year old fir and spruce forest. For-
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Fig. 1. Study area one year after deforestation triggered by hurricane-force winds in 2013

est coverage was almost 100% in the Posrednia Kopka
subcatchment and about 93% in the Konczysta Tur-
nia subcatchment. In December 2013 hurricane-force
winds felled 97% of tree stands in the Posrednia Kop-
ka subcatchment while in the Konczysta Turnia sub-
catchment only 13% (Zelazny et al., 2018). Some of
the fallen trees were removed in 2014-2015 in the
Posrednia Kopka subcatchment. Fir and beech seed-
lings were planted in a lower and middle part of this
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subcatchment in 2015. According to Zelazny et al.
(2018), 23% of the deforested area of the Posrednia
Kopka subcatchment experienced an invasion of bush
vegetation and juvenile trees in 2018, while almost
50% of the forested area in the Konczysta Turnia sub-
catchment experienced an attack by the bark beetle.
A large percentage of trees on the south-facing slope
of the Konczysta Turnia subcatchment fell down by
high winds in 2019.
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Fig. 2. Meteorological characteristics of study period (2015-2020): monthly precipitation totals, mean monthly air tempera-

ture, and mean monthly snow depth

MATERIALS AND METHODS

Field measurements

Decagon ECH20 5TM sensors measuring soil tem-
perature were placed at a depth of 0.20 m in the min-
eral soil horizons of four sites — on north-facing and
south-facing deforested slopes (DN and DS sites) in
the Posrednia Kopka subcatchment and on north-fac-
ing and south-facing woodland slopes (WN and WS
sites) in the control Konczysta Turnia subcatchment.
The sensors were installed at an elevation of about 900
meters (see: Fig. 1). Soil temperature measurements
were collected every 10 minutes. The first sensors
were installed in October 2015 at the WN site and DS
site. In April 2017 sensors were installed at the DN
site, while in June 2017 at the WS site. The sensors
failed several times, which explains gaps in the data
set used in the study.
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Meteorologic data were obtained from two weather
stations located in the vicinity of the studied areas. The
stations are run by the Institute of Meteorology and Water
Management in Poland. Air temperature data measured
at a height of two meters were obtained from the Polana
Chochotowska weather station (1,147 m a.s.l.) located
about 6 km away from the studied catchments, while at-
mospheric precipitation and snow cover data came from
the Kiry-Koscielisko weather station (928 m a.s.1.) locat-
ed about 1 km away from the studied catchments.

Statistical analysis

The diurnal soil and air temperature fluctuation range
describes the difference between daily maximum tem-
perature and daily minimum temperature. Box-and-
whisker plots were used to show monthly median,
quantiles and extreme values of the diurnal soil and
air temperature fluctuation range (see: Fig. 3), and the
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Fig. 3. Monthly changes of diurnal air and soil temperatures ranges at south-facing slope of the deforested subcatchment and

at north-facing slope of the woodland subcatchment

soil moisture (see: Fig. 7). Soil temperature and air
temperature data obtained every 10 minutes were used
to calculate the coefficient of correlation for the two
parameters for individual months using the formula
(Shaw and Wheeler, 1997):

o) "

\/[n SX2 - (zx)z] x [n sy? - (zzﬂ

where r is the correlation coefficient between air tem-
perature time series X and soil temperature time series Y;
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N is the number of variables in the data set. A cross-cor-
relation was also calculated for soil and air temperature
time series. The cross-correlation coefficient (r,) was
computed using the formula (Davis, 2002):

n2XY,

Yisn — (EX) (E)

T = 2

\/[n x? - @) |x[n 2¥? - 1))

where 7, is the cross-correlation coefficient at time
lag m (m =1, 2, 3...12 hours) between air temperature
time series X and soil temperature time series Y; N is
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the number of variables in the data set. The lag time
for the maximum cross-correlation coefficient indi-
cates the magnitude of the delay of soil temperature
to air temperature changes during a given day. All sta-
tistical analyses were performed in Statistica 1.3 soft-
ware (TIBCO Software Inc. 2020).

RESULTS

The largest diurnal fluctuations in soil temperature at
depth of 0.20 m at all the studied sites were noted in
spring and summer, while smaller fluctuations were
noted in autumn and negligible fluctuations were noted
in winter (see: Fig. 3). The largest diurnal soil fluctu-
ation ranges were noted on a deforested slope facing
south (DS site), while the smallest on a woodland slope
facing north (WN site) (see: Fig. 3). During the peri-
od 2015-2020 a gradual contraction of the diurnal soil
temperature fluctuation range was noted at the DS site
— the range was much smaller towards the end of the
study period relative to its beginning (see: Fig. 3). For
example, in the summer when the soil temperature did
not fall below 15°C (even at night), its diurnal fluc-

tuation range in 2016 was most often found to be be-
tween 2.5°C and 4.0°C, reaching 6°C in some cases
(see: Fig. 4). However, in 2017, the soil temperature
range was 1.5°C to 3.0°C. By 2019 it had contract-
ed further to an interval of 1°C to 2°C (see: Fig. 4).
Over the same period, daily air temperature averages
and diurnal air temperature ranges did not decrease
(see: Figs. 2 and 3). Diurnal soil fluctuations ranges at
the other studied sites (WS, WN and DN sites) were
smaller than that at DS site — usually did not exceed
1.5°C, and did not change distinctly during this time —
examples in Fig. 5. However, in 2019 an expansion of
diurnal soil temperature ranges was noted for the WS
site, which became comparable to those for the DS site,
where they had become much smaller (see: Fig. 5).

In the summer months of 2016 and 2017 (no data
for 2018), at very high soil temperatures (usually above
15°C), the lowest diurnal soil temperatures at the DS
site were noted around 8:00 AM, while the highest be-
tween 2:00 and 3:00 PM (see: Figs. 4 and 5). In the
months with lower soil temperatures (5°C to 15°C),
the time of occurrence of the lowest and highest daily
soil temperatures at the DS shifted to a later time. For

% 2016| 2°

20

15

Soil temperature, °C
o

2019

5
0 0 0
-5 -5 -5
0:00 4.00 8:00 12:00 16:00 20:00 24:00 0:00 4:00 8:00 12:00 16:00 20:00 24:00 0:00 4:00 8:00 12:00 16:00 20:00 24:00
hour of day hour of day hour of day

Fig. 4. Diurnal soil temperature changes at DS site in 2016, 2017, and 2019 — each line repersents one day of the year
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Fig. 5. Diurnal air and soil temperature changes at four studied sites — examples from summer and autumn 2017 and 2019

example, the lowest noted diurnal soil temperatures in
late autumn occurred between 10:00 AM and 11:00
AM, while the highest between 4:00 PM and 5:00 PM
(see: Fig. 5). In the same period (2016 and 2017), the
lowest and highest diurnal soil temperatures in the
warmer part of the year were noted later at WS site,
WN site, and DN site relative to the DS site. The low-
est temperatures were noted between 10:00 AM and
12:00 PM, and the highest between 10:00 PM and
midnight (example in Fig. 5). In the summertime, soil
temperatures both during the daytime and at nighttime
were much higher on deforested slopes versus wood-
land slopes (facing in the same geographic direction).
In 2019, when the diurnal soil temperature range had
strongly contracted at the DS site, the daily change
pattern at this site came to resemble that at the other
studied sites (see: Figs. 4 and 5).

A large delay in soil temperature changes — rela-
tive to changes in air temperature over the course of
the day — occurred at all the studied sites. In the years
20152017 the smallest delay occurred at the DS site,
larger delay at the WS site, and the largest delay at the
DN site and WN site (example in Fig. 5). The coeffi-
cient of correlation between soil temperature and air
temperature in summer was highest for the DS site,
lower at the WS sites, and the lowest at the WN and
DN sites (see: Table 1). The cross-correlation coeffi-
cient for all the studied sites increased markedly after

www.acta.urk.edu.pl/pl

Table 1. Coefficients of correlation between soil temperatu-
re and air temperature at four studied sites. Only correlation
coefficients with a significance level P < 0.05 are shown

Year/month DS DN WS WN
2017/ June 0.61 0.28 0.62 0.40
2017/ July 0.64 0.32 0.58 0.32
2017/ August 0.75 0.42 0.58 0.37
2017/ September 0.70 0.49 0.60 0.48
2017/ November 0.49 0.42 0.59 0.42
2017/ December -0.12  -035 -0.36
2018/ January 0.43 0.34 0.41 0.15
2018/ Fabruary 0.70 0.26 0.41 0.68
2018/ March 0.51 -0.26 0.14 -0.36
2019/ Fabruary 0.09 0.09 0.10
2019/ March 0.47 0.16 0.36
2019/ April 0.68 0.34 0.55 0.31
2019/ May 0.75 0.67 0.71 0.51
2019/ June 0.53 0.33 0.43 0.26
2019/ July 0.63 0.46 0.52 0.38
2019/ August 0.57 0.26 0.49 0.18
2019/ September 0.46 0.39 0.47 0.36
2019/ October 0.43 0.35 0.62 0.40
2019/ November 0.29 0.32 0.45 0.24
2020/ January -0.14  -0.17 -0.21 -0.25
2020/ Fabruary -0.32 0.17 0.17 -0.19
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the temporal shift in air temperature value by a certain
number of hours over the course of a 24-hour period.
The highest cross-correlation coefficient for the DS
site was noted for lag time of 4 to 5 hours while the
highest cross-correlation coefficient for the WS site
was usually noted for lag time of 7 to 8 hours (see:
Fig. 6). During 2015-2019, the maximum values of
the cross-correlation coefficient gradually decreased
and the corresponding lag time increased at DS site

(see: Fig. 6). For the DN and WN sites the lag times
between soil temperature and air temperature changes
equaled more than 10 hours (data not shown).

DISCUSSION

The results shown in this study suggest that deforesta-
tion leads to an increase in diurnal soil temperature
ranges at a depth of 0.20 m. Diurnal soil temperature
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Fig. 6. Cross-correlation coefficients between air and soil temperature for DS and WS sites during warm part of the year
(April-October). All correlation coefficients are at the significance level of P < 0.05
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ranges noted in the summer for south-facing, defor-
ested slopes are usually 1°C to 3°C higher than those
noted for south-facing, woodland slopes. On slopes
facing north the difference between woodland slopes
and deforested slopes is smaller at about only a degree
Celsius. A small increase in the diurnal soil tempera-
ture range was also noted after partial deforestation of
a woodland slope in 2019. The rise in soil temperature
fluctuations following deforestation is strongly linked
with greater sensitivity of exposed surfaces to chang-
es in air temperature. Absorbed solar radiation rises
substantially during the daytime in areas without trees
(Hashimoto and Suzuki, 2004). According to Ueno
et al. (2015) the forest canopy is a relatively strong
barrier to insulation and thermal downward radiation
leading to smaller diurnal differences in the radia-
tion balance. In addition to the lack of forest cover,
a key factor in increases in the sensitivity of defor-
ested areas to changes in air temperature consists of
the small thickness or even complete absence of an
organic O horizon across deforested slopes. Accord-
ing to Bhatti et al. (2000), this horizon functions as
a thermal insulator. The high sensitivity of deforested
areas to changes in air temperature is also shown by
strong correlations between soil temperature and air
temperature in the warmer part of the year across the
forest-free hillslopes examined in this study, especial-
ly those facing the southern direction. According to
Easterling et al. (1997) and Braganza et al. (2004), cli-
mate warming apart from deforestation is a factor that
strongly affects diurnal changes in soil temperature
today. However, this effect is different from the effect
of deforestation, as climate warming leads to a decline
in diurnal soil temperature fluctuations. This is a fac-
tor that can significantly reduce the diurnal changes in
soil temperature today. For example, Braganza et al.
(2004) showed a strong negative trend for the diurnal
surface temperature range noted over land of about
0.4°C over a period of 50 years (1951-2000) triggered
by climate warming. The cause of this is a meaningful
increase in minimum soil temperatures and at the same
time a small increase in maximum soil temperatures,
which leads to a smaller difference in soil temperature
over a 24-hour period.

In the cooler part of the year, correlations between
soil temperature and air temperature were very weak
at all the studied sites due to the buffer effect of snow
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on soil temperature. Despite the presence of discernible
ranges of diurnal air temperature at this time, no dis-
cernible diurnal soil temperature ranges were observed
at any of the studied sites. The reason for this is the high
thermal insulation capability of snow. The thickness of
snow cover during the study period reached sometimes
as much as 800 mm (see: Fig. 2). Different results were
obtained by Ueno et al. (2015) in their winter work in
Japan, where they observed diurnal fluctuations in soil
temperature at a depth of 0.05 m. They did, however,
find that the fluctuations were much larger in deforest-
ed areas than woodland areas. It is likely that the reason
behind this difference was much thinner snow cover
in the Japan study versus that in the Western Tatras in
Poland. In the Japan study, the thickness of snow cov-
er did not exceed 200 mm, and temperature measure-
ments were taken at a much smaller depth of 0.05 m
(Ueno et al., 2015). According to Hejduk et al. (2019),
the impact of air temperature on soil temperature de-
creases with soil depth.

The gradual encroachment of young forest across
the studied deforested slope produced diurnal soil tem-
perature ranges in the summer season in the Western
Tatras that were much smaller. Diurnal soil tempera-
ture ranges noted for a south-facing, deforested slope
decreased between roughly 1.5°C and 2.0°C over
a period of four years of reforestation, with no cor-
responding changes in diurnal air temperature ranges
and average daily air temperatures (see: Figs. 2 and 3).
This shows just how important young tree stands are
in the process of buffering diurnal changes in soil tem-
perature.

The present study results indicate that the buffering
role of forest is also manifested by a strongly delayed
response of soil temperature on woodland slopes to di-
urnal changes in air temperature relative to deforested
slopes. Cross-correlation revealed that the delay noted
on a south-facing slope with trees in the summer was
usually 7 to 8 hours, while on a slope without trees and
facing in the same geographic direction, it was only 4
to 5 hours. The gradual overgrowing of the deforested
slope (reforestation) resulted in a gradual increase in
the delay. The absence of a buffer effect of forest on
soil temperature is manifested in faster soil warming
over the course of the day along with rising tempera-
tures of the ambient air as well as by faster heat loss
at nighttime with falling air temperatures. Faster soil
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warming in the daytime and faster heat loss at night-
time in deforested areas are also facilitated by the
small thickness or even absence of an organic forest
floor above the mineral soil. Zhou et al. (2007) showed
that loss of vegetation would reduce the diurnal tem-
perature range over semi-arid regions of drought and
increase it over more humid regions. According to
Schultz et al. (2017), deforestation results in strong
warming during the day in tropical regions and large
cooling at night at high latitudes. On the basis of glob-
al satellite data, Schultz et al. (2017) state that in tem-
perate regions deforestation leads to some warming of
the soil in the daytime and moderate cooling at night-
time. The present study from the Western Tatras based
on field measurements does not confirm the findings
of Schultz et al. (2017). Despite a rapid soil tempera-
ture response to diurnal changes in air temperature on
the deforested slope facing in the southern direction,
soil temperatures at night and during the day remained
higher than those noted for a south-facing, woodland
slope. Hence, the present study has shown that defor-
estation causes soil warming in the daytime and also
at nighttime.

In the spring and autumn, the time of occurrence
of the lowest and highest soil temperatures in the
Western Tatras on south-facing, deforested slopes is

delayed towards the later hours of the day relative to
the summer season. The time shift of the lowest soil
temperatures towards the later hours of the day was
mostly associated with the time shift of increases in
air temperature in the morning hours from around 5:00
AM in summer to around 7:00 AM in the spring and
autumn. The time shift of the highest temperatures of
the soil towards later hours in spring and autumn, de-
spite an earlier onset of lower air temperatures, is as-
sociated most likely with increased soil moisture lev-
els in spring and autumn relative to the summer season
(see: Fig. 7). Holding a greater amount of moisture by
the soil is also characterized by increased heat inertia:
soil warms slower and cools slower. This effect was
noted by Al-Kayssi et al. (1990) who found that an
increase in the moisture level decreases the difference
in soil temperatures between daytime and nighttime
hours. Thus, soil moisture may also function as a buf-
fer protecting the soil from rapid changes in tempera-
ture over the course of the day.

CONCLUSIONS

The presented research conducted in the Tatra Moun-
tains (Poland) allows to draw the following conclu-
sions:
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Fig. 7. Statistical characteristics of soil moisture at 0.20 m of depth at the DS site in 2017 and 2019
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1. The effect of deforestation on diurnal soil tem-
perature changes at a depth of 0.20 m, as measured
in a mountain study sites, is manifested, first and
foremost, by larger diurnal soil temperature rang-
es, which are 1°C to 3°C higher in the summer
than those noted for woodland slopes. This effect
is driven by the greater sensitivity of deforested
areas to changes in ambient air temperature. Trees,
even very small ones, and a characteristic of for-
ests organic O horizon function as a buffer secur-
ing deeper-situated soil horizons from the effects
of changes in air temperature.

2. The diurnal range of soil temperatures clearly
declines along with increased reforestation with
young trees.

3. Deforested hillslopes are characterized by a faster
soil temperature response to changes in ambient
air temperature over the course of the day. In the
summer months, this response is usually three
hours faster on forest-free slope facing in the
southern direction relative to woodland slope fac-
ing in the same direction.

4. The response of the soil temperature on the defor-
ested slope to diurnal changes in air temperature
is strongly delayed in the spring and autumn. The
most likely cause of this is increased soil moisture
content during these two seasons — soils with more
moisture content are characterized by greater heat
inertia: slower warming and slower cooling.

5. Despite the fast soil temperature response on de-
forested slopes, facing the southern direction, to
changes in air temperature over the course of the
day, soil temperatures both during the daytime and
nighttime on these slopes were higher than those
on woodland slopes facing in the same geograph-
ic direction. Thus, the present study indicates that
the process of deforestation leads to soil warming
both during daytime and nighttime hours in moun-
tain catchments in the temperate climate zone.

REFERENCES

Al-Kayssi, A.W., Al-Karaghouli, A.A., Hasson, A.M., Bek-
er, S.A. (1990). Influence of soil moisture content on soil
temperature and heat storage under greenhouse condi-
tions. Journal of Agricultural Engineering Research, 45,
241-252.

www.acta.urk.edu.pl/pl

Bai, Y., Scott, T.A., Min, Q. (2014). Climate change impli-
cations of soil temperature in the Mojave Desert, USA.
Frontiers in Earth Science, 8(2), 302-308.

Bhatti, J., Fleming. R.L., Foster. N.W., Meng. F-R., Bo-
urque. C.P.A., Arp. P. (2000). Simulations of pre- and
post-harvest soil temperature, soil moisture, and snow-
pack for jack pine: comparison with field observations.
Forest Ecology and Management., 138, 413-426.

Braganza, K., Karoly, D.J., Arblaster, J. (2004). Diurnal
temperature range as an index of global climate change
during the twentieth century. Geophysical Research Let-
ters, 31, L13217.

Chakravarty, S., Ghosh, S.K., Suresh, C.P., Dey, AN,
Shukla, G. (2012). Deforestation: causes, effects and
control strategies. In: Okia C.A. (ed.), Global perspec-
tives on sustainable forest management. Rijeka, InTech,
3-28.

Davidson, E.A., Belk, E., Boone, R.D. (1998). Soil water
content and temperature as independent or confounded
factors controlling soil respiration in a temperate mixed
hardwood forest. Global Change Biology, 4, 217-227.

Davis, J.C. (2002). Statistics and Data Analysis in Geology.
New York: John Wiley and Sons.

Donnelly, J.R., Shane, J.B., Yawney, HW. (1991). Harvest-
ing causes only minor changes in physical properties of
upland Vermont soil. Northern Journal of Applied For-
estry, 8, 33-36.

Easterling, D.R., Horton, B., Jones, P.D., Peterson, T.C.,
Karl, T.R., Parker, D.E., Salinger, M.J., Razuvayev,
V., Plummer, N., Jamason, P., Folland, C.K. (1997). Ma-
ximum and minimum temperature trends for the globe.
Science, 277(5324), 364-367.

Hashimoto, S., Suzuki, M. (2004). The impact of forest
clear-cutting on soil temperature: a comparison between
before and after cutting, and between clear-cut and con-
trol sites. Journal of Forestry Research, 9, 125-132.

Hejduk, A.J., Hejduk, L., Jozwik, K. (2019). The relation-
ship between air and soil temperature as a local indica-
tor of climate change in a small agricultural catchment.
Acta Scientiarum Polonorum, Formatio Circumiectus,
18(4), 161-175.

Hess, M. (1996). Climate. In: Mirek Z. (ed.), Nature of the
Tatra National Park. Krakéw—Zakopane, Tatrzanski
Park Narodowy, 53—68 (in Polish).

Hicks Pries, C.E., Castanha, C., Porras, R.C., Torn,
M.S. (2017). The whole-soil carbon flux in response to
warming. Science, 355, 1420-1423.

Hu, Q., Feng, S. (2003). A daily soil temperature dataset and
soil temperature climatology of the contiguous United
States. Journal of Applied Meteorology, 42, 1139-1156.

69


http://dx.doi.org/10.15576/ASP.FC/2020.19.3.59
www.acta.urk.edu.pl/pl
https://www.sciencedirect.com/science/journal/00218634
https://www.sciencedirect.com/science/journal/00218634/45/supp/C
https://www.frontiersin.org/journals/earth-science
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Davidson%2C+EriC+A
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Belk%2C+Elizabeth
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Boone%2C+Richard+D

Siwek, J.P. (2020). Effects of hurricane-driven deforestation and reforestation on diurnal soil temperature changes in the Tatra Moun-
tains in southern Poland. Acta Sci. Pol., Formatio Circumiectus, 19 (3), 59-71. DOI: http://dx.doi.org/10.15576/ASP.FC/2020.19.3.59

Hu, G., Liu, H., Anenkhonov, O.A., Korolyuk, A.Y., Sanda-
nov, D.V., Guo, D. (2013). Forest buffers soil temperature
and postpones soil thaw as indicated by a three-year large-
scale soil temperature monitoring in the forest-steppe eco-
tone in Inner Asia. Global and Planetary Change, 104, 1-6.

Jungqvist, G., Oni, S.K., Teutschbein, C., Futter, M.N.
(2014). Effect of climate change on soil temperature in
Swedish boreal forests. PLoS ONE, 9(4), €93957.

Londo, A.J., Messina, M.G., Schoenholtz, S.H. (1999). For-
est harvesting effects on soil temperature, moisture, and
respiration in a bottomland hardwood forest. Soil Sci-
ence Society of America Journal, 63, 637-644.

Mikkelda, C., Sundh, I., Svensson, B.H., Nilsson, M.
(1995). Diurnal variation in methane emission in re-
lation to the water table, soil temperature, climate and
vegetation cover in a Swedish acid mire. Biogeochem-
istry, 28, 93-114.

Moroni, M., Carter, P., Ryan, D. (2009). Harvesting and
slash piling affect soil respiration, soil temperature, and
soil moisture regimes in Newfoundland boreal forests.
Canadian Journal of Soil Science, 89, 343-355.

Oni, S.K., Mieres, F., Futter, M.N., Laudon, H. (2017). Soil
temperature responses to climate change along a gradi-
ent of upland-riparian transect in boreal forest. Climatic
Change, 143, 27-41.

Prevedello, J.A., Winck, G.R., Weber, M.M., Nichols, E.,
Sinervo, B. (2019). Impacts of forestation and deforesta-
tion on local temperature across the globe. PLoS ONE,
14(3), €0213368.

Schultz, N.M., Lawrence, P.J., Lee, X. (2017). Global satel-
lite data highlights the diurnal asymmetry of the surface
temperature response to deforestation. Journal of Geo-
physical Research-Biogeosciences, 122, 903-917.

Shaw, G., Wheeler, D. (1997). Statistical techniques in geo-
graphical analysis. London: David Fulton Publishers.

Skiba, S., Koren, M., Drewnik, M., Kukla, J. (2015). Soils.
In: Dabrowska K., Guzik M. (eds.), Atlas of the Tatra
Mts. — Abiotic Nature. Tatrzanski Park Narodowy, Za-
kopane, plate number VI.1.

Strzyzowski, D., Fidelus-Orzechowska, J., Zelazny, M.
(2016). Geomorphological changes within a hillslope
caused by a windthrow event in the Tatra Mountains,
Southern Poland. Geografiska Annaler. Series A, Physi-
cal Geography, 98(4), 347-360.

70

Subke, J-A., Reichstein, M., Tenhunen, J.D. (2003). Ex-
plaining temporal variation in soil CO, efflux in a ma-
ture spruce forest in southern Germany. Soil Biology &
Biochemistry, 35, 1467-1483.

Tang, J.P.,, Bolstad, V., Desai, A.R., Martin, J.G., Cook,
B.D., Davis, K.J., Carey, E.V. (2008). Ecosystem res-
piration and its components in an old-growth forest in
the Great Lakes region of the United States. Agricultural
and Forest Meteorology, 148(2), 171-185.

TIBCO Software Inc. (2020). Data Science Textbook.
https://docs.tibco.com/data-science/textbook (24.11.2020)

Ueno, K., Kurobe, K., Imaizumi, F., Nishii, R. (2015). Ef-
fects of deforestation and weather on diurnal frost heave
processes on the steep mountain slopes in south cen-
tral Japan. Earth Surface Processes and Landforms, 40,
2013-2025.

Uvarov, A.V., Tiunov, A.V., Scheu, S. (2006). Long-term
effects of seasonal and diurnal temperature fluctuations
on carbon dioxide efflux from a forest soil. Soil Biology
and Biochemistry, 38, 3387-3397.

Vandecar, K.L., Lawrence, D., Wood, T.E., Oberbauer, S.F.,
Das, R., Tully, K., Schwendenmann, L. (2009). Biot-
ic and abiotic controls on diurnal fluctuations in labile
soil phosphorus of a wet tropical forest. Ecology, 90(9),
2547-2555.

Zhou, L., Dickinson, R.E., Tian, Y., Vose, R.S., Dai, Y.
(2007). Impact of vegetation removal and soil aridation
on diurnal temperature range in a semiarid region: appli-
cation to the Sahel. Proceedings of the National Acade-
my of Sciences, 104, 17937-17942.

Zelazny, M., Adamska, M., Ciemborowicz, M., Fidelus-O-
rzechowska, J., Gus, M., Jaskowiec, B., Jelonkiewicz,
E., Jelonkiewicz, L., Karcz, T., Kolerski, T., Kosmow-
ska, A., Kowalski, A., Lelito, M., Lisowicz, M., Mich-
no, A., Plonka, K., Pufelska, M., Rajwa-Kuligiewicz,
A., Rutkowska, A., Siwek, J.P., Siwek, J., Sajdak, M.,
Sobucki, M., Skaszczyk, A., Stanczyk, T., Stolarczyk,
M., Stopka-Walkosz ,M., Strzyzowski, D., Szubert, P.,
Wasak, K., Wronska-Watach, D. (2018). Assessment of
the impact of large-scale windbreaks on the hydrochem-
ical regime and denudation of catchments located in
forest areas in mountain areas (Polish Tatras) (accessed
5.06.2020) (in Polish).

www.acta.urk.edu.pl/pl


http://dx.doi.org/10.15576/ASP.FC/2020.19.3.59
www.acta.urk.edu.pl/pl
https://acsess.onlinelibrary.wiley.com/journal/14350661
https://acsess.onlinelibrary.wiley.com/journal/14350661
https://doi.org/10.1111/geoa.12141
https://doi.org/10.1111/geoa.12141
https://doi.org/10.1111/geoa.12141
https://docs.tibco.com/data-science/textbook

Siwek, J.P. (2020). Effects of hurricane-driven deforestation and reforestation on diurnal soil temperature changes in the Tatra Moun-
tains in southern Poland. Acta Sci. Pol., Formatio Circumiectus, 19 (3), 59-71. DOI: http://dx.doi.org/10.15576/ASP.FC/2020.19.3.59

WPLYW DEFORESTACJI WYWOLANEJ GWALTOWNYM PORYWEM WIATRU ORAZ REFORESTACII
NA DOBOWE ZMIANY TEMPERATURY GLEBY W TATRACH (POLUDNIOWA POLSKA)

ABSTRAKT

Cel pracy
Celem pracy bylo okreslenie wplywu deforestacji i reforestacji na dobowe zmiany temperatury gleb w za-
chodniej czgsei Tatrach Polskich.

Materiat i metody

Temperatura gleb mierzona byta w latach 2015-2020 co 10 minut na gl¢bokosci 20 cm na stokach o ekspo-
zycji poéinocnej i potudniowej w zlewni wylesionej na skutek huraganowego porywu wiatru w 2013 r. oraz
w zlewni kontrolnej (zalesionej). Obie badane mate zlewnie potozone sa w potnocnej czgsci zlewni Koscie-
liskiego Potoku. W celu okreslenia wielko$ci opoznienia zmian temperatury gleby w stosunku do zmian
temperatury powietrza w ciagu doby wykonano korelacjg krzyzowa (ang. cross-correlation).

Wyniki i wnioski

Wptyw deforestacji na dobowe zmiany temperatury gleby przejawiat si¢ przede wszystkim wigksza dobowa
amplituda temperatury gleby. W miesiacach letnich dobowe amplitudy temperatury gleby na stokach wy-
lesionych byly o 1-3°C wyzsze od amplitud na stokach zalesionych. Wraz z zarastaniem stokow wylesio-
nych mtodym lasem (reforestacja) dobowe amplitudy temperatury gleby wyraznie malaly. Latem na stoku
wylesionym o ekspozycji potudniowej zmiany temperatury gleby nastgpowatly z opdznieniem 4—5 godzin
w stosunku do zmian temperatury powietrza, podczas gdy na stoku zalesionym o takiej samej ekspozycji
op6znienie to wynosito az 7-8 godzin. Pomimo duzej wrazliwo$ci temperatury gleby na stokach wylesio-
nych na zmiany temperatury powietrza, latem temperatura gleby, nie tylko w dzien, ale i w nocy byta wyzsza
na stokach wylesionych niz na stokach zalesionych. Prezentowane wyniki wskazuja, ze deforestacja moze
znaczaco nasila¢ proces ocieplania si¢ gleb wywotany obecnie stopniowym ocieplaniem sig klimatu.

Stowa kluczowe: Tatry, zmiany dobowe, deforestacja, reforestacja, temperatura gleb
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