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Abstract: Over the past decades, relatively few experimental studies have been carried out in which
the micrometeorological conditions have been studied over different small clearings plots of the
forest. As these conditions can significantly affect many processes in the ecosystem, two questions
arise: 1) whether and how the microclimatic conditions differ in the clear-cut and the gap, and 2)
how heterogeneous is the distribution of these conditions on these plots. The aim of the study was
to determine the spatial variation of air temperature on the clear-cut and gap as well as to compare
the distribution of thermal and humidity conditions on both areas. The research was carried out in
Central Poland on a clear-cut with a width of 60 m and on a gap of an ellipsoid shape (40 x 70 m).
The measurements were carried out in two series: spring-summer, in the period when the height of
the sun during the day conditioned inflow of direct solar radiation to any surface (May—August
2006), and autumn, when direct radiation was limited by neighbouring stands (October-November
2006). Average values of air temperature on the gap in the spring-summer period differed in
individual parts of 2.2 °C, while on the clear-cut by 1.0 °C. In the autumn, thermal diversity on both
research plots was similar (average 0.8 °C). The thermal diversity within the research areas was
particularly marked in the case of extreme air temperature values. We found the modest spatial
diversification of humidity parameters: vapour pressure, relative humidity, and humidity deficit.
Particularly large diversification of relativity humidity and vapour pressure deficit were claimed in
spring-summer period in the situation of heat waves. The least beneficial thermal and humidity
conditions for plants growing occurred in the north-east parts of clear-cut and gap, that is why it
necessary to take particular note of these locations during undertaking the silviculture.
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1. Introduction

When conducting the renovation studies on clear—cuts and gaps, it's necessary to take into
consideration the specificity of microclimatic conditions which are shaped differently in individual
parts of the renovated surfaces. Particularly important are the border zones of regeneration areas and
forests, where both the biotic conditions [1] and physical conditions change [2, 3, 4, 5].

Higher air temperature values and low relative humidity near the sunny edge of the forest may
reduce the biomass production and disrupt the life processes of many plant species [6]. Increased or,
in a different place, limited inflow of solar radiation directly influence on the air and ground
temperature. Air temperature determines the atmospheric capacity of water vapour, thus
significantly affecting the evapotranspiration, and these factors, together with rainfall, are an
important element in drought monitoring [7,8] and predicting [9].
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The places with the high insolation are characterized by higher air temperature [10], the
increasing value of water saturated vapor pressure and thus the growing deficiency of air humidity
and decreasing of the relative humidity.

The processes occurring locally take place under specific macroclimatic conditions, and thus also
taking into account contemporary climate change. The growing trend in air temperature, claimed
especially since the 1990s [11,12], is accompanied by an increase in moisture deficit, which affects the
amount of evapotranspiration, and changes in this parameter are greater than changes in the amount
of precipitation [13,14].

Taking into account the importance of the air temperature and humidity conditions for the
functioning of forest ecosystems and the conducted breeding works, there was undertaken the
research on the diversification of air humidity conditions in the clear—cut and gap. In the studies of
this type conducted until now, it has been found that the size of the gap affects the solar and thermal
conditions, and thus also the humidity of the air [15,16], and an important factor is also the
differentiation of conditions within the same gap [17,18]. Van Dam [19] drew attention to the
influence of the gap size on evapotranspiration, which depends on the thermal and humidity
parameters of the air. In the context of forest adaptation to the ongoing climate change, it is necessary
getting to know about the thermal and humidity conditions of various regeneration areas, with
particular emphasis on places exposed to greater climatic stress.

The aim of the study was to determine the spatial variation of air temperature (t), vapour
pressure (e), relative humidity (RH), vapour pressure deficit (VDP) on the clear-cut and gap as well
as to compare the spatial distribution of air humidity conditions on both areas.

2. Study site, material & methods

The research was carried out in Rogéw Forest Experimental Station (51.827023°N, 19.922315°E)
on a clear—cut with a width of 60 m and on a gap (of an ellipsoid shape; 40x70 m). The measurements
were carried out in two series: spring-summer, in the period when the height of the sun during the
day conditioned inflow of direct solar radiation to any surface (May-August 2006), and autumn,
when direct radiation was limited by neighboring stands (October-November 2006).

In the central part of the clear—cut along the NW-SE course, the following measurement points
were set on the transect putting crosswise: on the edge of the stand and clear-cut on the SW side (z1)
and at a distance of 15 m (z2), 30 m (z3) and 45 m (z4) from positions z1. For comparison purposes, a
measuring station was also placed 15 m from the z1 station into the forest.

In the central part of the gap, the longer axis of which was directed along the NW-SE line, a
transect was marked, on which the measurements were carried out at a station located 10 m from the
SW edge of the gap (g1), in the middle of the gap width (g2) and 10 m from the NE edge of the gap
( g3). At each measuring station, HOBO sensors were placed in anti-radiation shields at a height of
50 cm above the ground. Data was recorded at 10-minute intervals and was carried out in accordance
with the assumptions of the short measurement sequence used in this type of research [18, 20].

Based on the Shapiro-Wilk test, it was found that the distributions of each characteristic were
close to the normal distribution (p <0.05). Average and extreme values as well as standard deviation
of individual meteorological elements were determined. The Ward agglomeration method was used
to determine the measurement stations that were the closest in terms of the analyzed parameters -
the Euclidean distance was used as the measure of the similarity of the measurement stations.

3. Results

3.1. Temperature

Average values of air temperature on the gap in the spring—summer period differed in
individual parts by 2.2°C, while on the clear—cut by 1.0°C (Table 1). In the autumn, thermal diversity
on both research plots was similar (0.8°C on average). The thermal diversity within the research plots
was particularly marked in the case of extreme air temperature values. Differences between
minimum temperature values in the spring—summer period amounted to 1.8°C on the clear—cut, and
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93  1.3°Con the gap, while in the autumn to 1.0°C on both research plots. Higher differentiation occurred
94 in the case of the maximum temperature: the differences in spring-summer equaled 3.1°C on the
95  clear—cut and 8.7°C on the gap, and in the autumn 2.7 and 3.1°C, respectively.

96 In May, three late frost days occurred on the clear—cut, while on the gap the no frost was recorded.
97 Al late frost situations occurred during radiation weather characterized by weak wind blowing
98  across the clear—cut (Table 2).

99
100 Table 1. Average (t) and extreme values, standard deviations (SD) of air temperature in the forest, on
101 the clear-cut (z1, z2, z3, z4) and at the gap (g1, g2, g3).
t SD  tmin  tmax t SD  tmin  tmax
Measuring point Spring-summer Autumn
Forest 160 517 29 315 64 463 -39 187
z1 156 636 -02 366 52 478 -58 17,9
z2 153 69 -11 374 49 489 -58 179
z3 161 796 -20 397 51 531 -68 194
z4 163 7,81 -1,5 388 57 546 -68 206
gl 150 534 21 328 57 454 -48 17,5
g2 156 634 20 379 55 457 53 171
g3 172 712 33 41,5 63 490 -43 202
102
103 Table 2. Characteristics of frost days at the clear-cut and at the gap as well as at the weather station
104 of Warsaw University of Life Sciences in Rogéw in May 2006.
Location where the tmin Time Meteorological station
Date frost occure with tmin  tmax  Relative Wind Wind
t<0°C humidity direction speed
[%] [m/s]
11.05 22, z3 - 0,5h 02 245 76 WNW 1,3
0,2
15.05 z1, z2, 23, z4 - 5,0h - 199 83 WSW 0,3
2,0 0,9
16.05 z3 - 0,3h 05 243 72 ESE 1,6
0,2
105 In the spring and summer period, the thermals at the measuring station located in the NE part

106  of the gap (g3) were similar to those located in the center (z3) and in the NE part of the clear-cut (z4).
107 A separate group were the points lying on the clear-cut near the forest wall (z1) and 15 m from it (z2),
108  while the stations located in the SW and in the central part of the gap (g1, g2) were similar in terms
109  of temperature to the point located in the forest (Figure 1). ). In autumn, the thermal differentiation
110  on the examined surfaces was smaller (Figure 1)

111
112
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Figure 1 Similarity of research plots in terms of air temperature in the spring-summer (left) and
autumn (right).

3.2. Humidity

We found the modest spatial diversification of vapour pressure reaching the mean of 0.4 hPa in
spring-summer period and 0,2 hPa in gap and in the autumn period 0,3 hPa and 0,7 hPa respectively
(Table 3). The major impact of the clear-cut and gap location was marked in relative humidity and
humidity deficit. Differences of relative humidity on the clear—cut amounted averagely to 3.7% and
on the gap 12,7%., whereas the humidity deficit 0,3 hPa and 5,4 hPa respectively (Table 3). Particularly
large diversification of relative humidity and vapour pressure deficit were claimed in spring-
summer period in the situation of heat waves (Table 4). In that weather conditions in sun-filled
clear—cut and gap parts, the relative humidity fall to about 17%, whereas vapour pressure deficit
increased to about 60 hPa. In the same clear-cut and gap parts the occurrence of dry days was more
frequent that in other places. It was noticed that in the positions located in sun-filled clear—cut and
gap parts (z4, g3), the diurnal vapour pressure course was very similar to its course in the forest,
whereas the course of the relativity humidity and vapour pressure deficit was significantly different.
That is mainly involved with the extreme thermal conditions in this parts of studied areas. The least
beneficial humidity conditions for plants growing occurred in the north-east parts of clear—cut and
gap, that's why it necessary to take particular note of these locations when undertaking the
silviculture.

Taking into account the water vapor content in the air (e) in the spring and summer period, more
similar to the conditions in the forest are characteristic for the stations located in the clear- cut are
more similar to the conditions in the forest, and in autumn in the gap (Figure 2). In terms of relative
humidity and insufficient humidity in the spring and summer period, the measurement points
located in the SW part of the clear-cut and the gap are similar to the forest. In autumn, the conditions
closer to the forest were characteristic for the stations located in the NE part of the studied plots,
which was particularly marked in the case of moisture deficit (Figure 2).

Table 3. Average (Ave.) and extreme values, standard deviation (SD) of vapour pressure (e), relative
humidity (RH) and vapour pressure deficit (VPD) in the forest, on the clear—cut (z1, z2, z3, z4) and on
the gap (g1, g2, g3) in the spring-summer and autumn period.

Measuring point Ave. SD min max Ave. SD min max

Spring-summer Autumn

e forest 144 353 47 249 102 280 43 262

z1 145 404 46 306 104 382 3,7 340
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z2 145 420 56 292 104 399 39 341
z3 141 384 49 26,7 103 390 3,7 326
z4 143 378 60 273 106 379 39 328
gl 146 401 54 2,7 106 333 45 362
g2 147 422 68 285 10,5 347 43 355
g3 145 345 57 259 99 2,78 41 255
RH  forest 772 20,08 203 100 859 13,60 438 100
z1 81,1 2229 21,3 100 887 13,18 50,0 100
z2 81,5 2037 244 100 891 1259 481 100
z3 774 2421 170 100 86,0 13,58 43,9 100
z4 778 2431 174 100 864 1349 444 100
gl 872 16,24 257 100 92,5 10,78 538 100
g2 851 1839 230 100 91,4 11,50 51,7 100
g3 745 2402 170 100 834 1386 41,1 100
VPD forest 55 652 00 31,1 16 194 00 76
z1 53 797 00 371 14 1,69 00 67
z2 52 792 00 446 14 1,65 00 68
z3 7,5 11,42 00 559 19 203 00 84
z4 7,4 11,28 0,0 556 20 226 00 96
gl 3,2 497 00 264 09 1,38 00 59
g2 4,4 752 00 506 11 1,48 00 63
g3 8,6 1276 0,0 679 22 220 00 94

150
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152 Figure 2. Similarity of the study plots in terms of vapour pressure (e), relative humidity (RH) and
153 vapour pressure deficit (VPD) in the spring-summer (left) and autumn (right) period.

154 4. Conclusions

155 The thermal and humidity conditions on the clear-cuts and gaps depend particularly on the
156  elements of the radiation balance, which are shaped differently in their individual parts [21]. In late
157  spring and summer, the insolation on the clear-cut was more diversified, which resulted in a greater
158  diversity of thermal and humidity conditions. A greater risk of extreme thermal conditions (frosts,
159  heat waves) occurred in the clear-cut than in the gap. In the sunny parts of the clear-cut and the gap,
160  extremely low values of relative humidity were found (17% on the clear-cut and the gap) and very
161  high values of humidity deficiency (55.9 hPa on the clear-cut and 67.9 hPa on the gap). Taking into
162  account the high temperature in these places [10] and the importance of moisture deficit for the
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functioning of plant organisms [6,22,23,24,25], special attention should be paid to weather conditions
during conducting renovation studies in these parts of the clear-cuts and gaps.

References

1.

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bolibok L., 2009. Regulation of regeneration growth conditions in small clear cuts- the effect of gap
parameters on biotic factors influence. Sylwan 153 (11): 733-744. doi.org/10.26202/sylwan.2009029 (in
Polish).

Chen J., Franklin J. F., Spies T. A. 1993. Contrasting microclimates among clearcut, edge, and interior of
old—-growth Douglas—fir forest. Agricultural and Forest Meteorology 63: 219-237.

Chojnacka-Ozga L., Ozga W. 1999. Thermal conditions in the transitional zone between the forest and the
open area. Sylwan 143 (6): 11-17 (in Polish).

Davies—Colley R. ], Payne G. W., van Elswijk M. 2000. Microclimate gradients across a forest edge. New
Zealand Journal of Ecology 24 (2): 111-121.

Mercer J. A. 2006. Some effects of growing season soil moisture and microclimate on redwood seedlings in
a forest edge and gap. Humboldt State University.

Chen ], Franklin JF. 1997. Growing-season microclimate variability within an oldgrowth Douglas-fir forest.
Climate Research 8: 21-34.

Dai A., Trenberth K.E., Qian T. 2004. A global dataset of palmer drought severity index for 1870-2002:
Relationship with soil moisture and effects of surface warming. J. Hydrometeorol.5: 1117-1130.
Vicente-Serrano S.M., Begueria S., Lorenzo-Lacruz J., Camarero J., Lépez-Moreno ].I,, Azorin-Molina C.,
Revuelto J.S., Moran-Tejeda E., Sanchez-Lorenzo A. 2012. Performance of drought indices for ecological,
agricultural, and hydrological applications. Earth Interact. 16: 1-27.

Behrangi A., Loikith P.C. , Fetzer E.J., Nguyen H.M.,, Granger S.L., 2015, Utilizing humidity and
temperature data to advance monitoring and prediction of meteorological drought. Climate, 3: 999-1017;
doi:10.3390/cli3040999

Chojnacka-Ozga L., Ozga W., Andrzejczyk T. 2019. Air temperature on the clear-cut and the gap. Sylwan
163 (8): 655-664. doi.org/10.26202/sylwan.2019023 (in Polish)

Sherwood, S.; Fu, Q. 2014. A drier future? Science, 343: 737-739.

Chojnacka-Ozga L., Ozga W. 2018. Air temperature anomalies in experimental forests in Rogéw in 1924-
2015. Forest Research Papers. Vol. 79 (1): 37-44. doi: 10.2478/frp-2018-0005

Stephens, G.L.; Ellis, T.D.2008. Controls of global-mean precipitation increases in global warming gcm
experiments. J. Clim. 21: 6141-6155.

Cook B. SmerdonJ., Seager R., Coats S. 2014. Global warming and 21st century drying. Clim. Dyn. 43: 2607-
2627.

Gray A.N., Spies T.A., Easter M.].,, 2002. Microclimate and soil moisture responses to gap formation in
coastal Douglas-fir forests. Canadian Journal of Forest Research 32: 332-343. doi.org/10.1139/X01-200.
Latif Z.A., Blackburn G.A., 2010. The effects of gap size on some microclimate variables during late summer
and autumn in a temperate broadleaved deciduous forest. Int ] Biometeorol. 54:119-129. DOI
10.1007/s00484-009-0260-1.

Strong T. F., Teclaw R. M., Zasada J. C. 1997. Monitoring the effects of partial cutting and gap size on
microclimate and vegetation responses in northern hardwood forests in Wisconsin. W: Proceedings of the
National Silviculture Workshop. USDA Forest Service, Warren, PA: 42-47.

Champlin T.B., Kilgo J.C., Gumpertz M.L., Moorman C.E., 2009. Avian response to microclimate in canopy
gaps in a Bottomland Hardwood Forest. Southeastern Naturalist Vol. 8, No. 1: 107-120.

van Dam O. 2001. Forest filled with gaps. Effects of gap size on water and nutrient cycling in tropical rain
forest. A Study in Guyana. Tropenbos-Guyana Series 10.

Brooks R.T., Kyker-Snowman T.D., 2008. Forest floor temperature and relative humidity following timber
harvesting in southern New England, USA. Forest Ecology and Management 254: 65-73.

Chantal M., Leinonen K., Kuuluvainen T., Cescatti A., 2003. Early response of Pinus sylvestris and Picea
abies seedlings to an experimental canopy gap in a boreal spruce forest. Forest Ecology and Management
173: 321-336.

Massmann A., Gentine P., Lin C. 2019. When does vapor pressure deficit drive or reduce
evapotranspiration? J. Adv. Model Earth Sys. 27 (1): 1-30. doi.org/10.1029/2019MS001790.



215
216
217
218
219
220
221
222
223
224
225
226
227

228

Enwviron. Sci. Proc. 2020, 1, FOR PEER REVIEW 8

23.

24.

25.

Restaino C.M., Peterson D.L., Littell J. 2016. Increased water deficit decreases Douglas fir growth
throughout western US forests. Proc. Natl. Acad. Sci. US.A. 113, 34: 9557-9562.
doi/10.1073/pnas.1602384113.

Yuan W., Zheng Y., Piao S, Ciais P., Lombardozzi D., Wang Y., Ryu Y., Chen G., Dong W., Hu Z,, Jain A.K,,
Jiang C., Kato E., Li S, Lienert S., Liu S., Nabel J., Qin Z., Quine T, Sitch S., Smith W.K., Wang F., Wu C,,
Xiao Z., Yang S., 2019. Increased atmospheric vapor pressure deficit reduces global vegetation growth. Sci.
Adv. 5 eaax1396 : 1-12.

Zhang Q., Ficklin D.L., Manzoni S., Wang L., Way D., Phillips R.P., Novick K.A. 2019. Response of
ecosystem intrinsic water use efficiency and gross primary productivity to rising vapor pressure deficit.
Environ.Res.Lett.14: 1-9. doi.org/10.1088/1748-9326/ab2603.

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional

affiliations.

© 2020 by the authors. Submitted for possible open access publication under the terms
@ @ and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).



