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Regulation effects of temperate broadleaved Korean pine forest on temperature and humidity
in Changbai Mountain, China. WANG Pei-huan'*, CHEN Zhi'”* | YU Gui-rui'’, WANG Qiu-
feng'?, JIA Yan-long®, HAN Shi-jie* ('Synthesis Research Center of Chinese Ecosystem Research
Network/Key Laboratory of Ecosystem Network Observation and Modeling , Institute of Geographic
Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China;
*Hebei Agricultural University, Baoding 071000, Hebei; °College of Resources and Environment
University of Chinese Academy of Sciences, Beijing 100049, China; *Henan University, Kaifeng
475001, Henan, China).

Abstract; Forests can improve climate and regulate micro-environment. The study of forest micro-
climate is of great significance to reveal forest ecosystem function and evaluate the benefits of forest
ecological environment. With broadleaved Korean pine forest in Changbai Mountain as test material ,
the diurnal and seasonal variations of the mean, maximum and minimum temperature, relative
humidity and surface soil temperature were analyzed based on the meteorological data of flux tower
in the forest and nearby meteorological station in the open land from 2003 to 2014. The results
showed that air temperature and relative humidity in the forest showed a unimodal U-shaped diurnal
pattern, respectively. The diurnal range was 2.31 °C and 8.3% lower than that of the open land.
The diurnal surface soil temperature tended to be a constant, indicating an alleviating effects of
broadleaved Korean pine forest on the diurnal variation of temperature and moisture. The cooling
effect was mainly observed in summer, while the warming effect was significant in winter. The air

and soil temperatures in forest in summer were 1.30 and 3.91 °C lower than those in the open land,
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and were 2.06 and 5.44 °C higher than those in the open land in winter. Forest regulated the maxi-

mum and minimum temperatures significantly. On the season scale, the maximum air and soil tem-

perature in forest decreased by 1.80 and 5.45 C in summer, while the minimum air and soil tem-

perature increased by 3.69 and 7.92 °C in winter. On the annual scale, the maximum air and soil

temperature in forest were 1.60 and 4.99 °C lower than those in the open land, and the minimum air

and soil temperature were 1.12 and 8.82 “C higher than those in the open land, respectively. The

regulating effects of forests on soil temperature was stronger than that on air temperature. Forests

mainly warmed the air and soil temperature at cold condition.

Key words: temperature; relative humidity; soil temperature; Changbai Mountain; broadleaved

Korean pine forest; microclimate.
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Fig.1 Diurnal variations of air temperature and its difference

between the forest land and the open land.
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Fig.2 Diurnal variations of soil temperature of 5 cm depth and

its difference between the forest land and the open land.
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Fig.3 Diurnal variations of air relative humidity and its diffe-

rence between the forest land and the open land.
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Fig.4 Monthly variations of air and soil temperature and its difference between the forest land and the open land.

a) FHRIR Average value of air temperature; b) % 1 SR Maximum value of air temperature ; ¢) FARS A Minimum value of air temperature ; d) A

¥4 Average value of soil temperature; e) 5 1 Maximum value of soil temperature ; f) A% 115 Minimum value of soil temperature.
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Fig.5 Monthly variations of air relative humidity and its difference between the forest land and the open land.
a) A4 AH N B Average value of relative humidity; b) e A NHE B Maximum value of relative humidity; ¢) FARAE RV Minimum value of rela-

tive humidity.
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Table 1 Comparisons of the mean, maximum and minimum air temperature, relative humidity, and soil temperature out-

side and inside the temperate broadleaved Korean pine forest

i H Ay 2B + g B LERORITAE S
Ttem Year Air temperature (°C) Soil temperature (°C) Relative humidity (%)
N MEH ZMH NG b 2MH N Mk ZH
Forest Open Difference Forest Open Difference Forest Open Difference
land land land land land land
EHIE 2003—2006 3.65 3.76 -0.11 6.36 6.10 0.27 68.1 69.2 -1.1
Average 2007—2010  3.66 3.99 -0.33 5.99 6.21 -0.22 68.5 66.8 1.7
2011—2014 3.94 3.45 0.49 70.1 67.2 2.9
2003—2014 3.75 3.73 0.02 6.24 6.15 0.09 68.5 66.8 1.7
I 2003—2006  23.25 24.12 -0.88 19.84 23.40 -3.56 98.8 98.4 0.4
Maximum value 2007—2010 23.06 24.25 -1.19 19.18 25.82 -6.64 97.6 95.6 1.9
2011—2014  21.27 23.98 -2.71 96.9 97.0 -0.1
2003—2014  22.52 24.12 -1.60 19.62 24.61 -4.99 97.8 97.0 0.8
AR 2003—2006 —24.76 -24.67 -0.09 -3.84 -11.53 7.70 23.8 25.2 -1.4
Minimum value ~ 2007—2010 -22.93 -24.36 1.43 -3.75 -12.66 8.91 25.3 24.3 0.9
2011—2014 -23.22  -25.22 2.00 27.6 27.1 0.5
2003—2014 -23.63 -24.75 1.12 -3.73 -12.55 8.82 25.6 25.5 0.1

RN SIME AR L3R 5300 -3.73 F1-12.55 °C, bk
P b i 8.82 °C, B i 3% MK TR AR R A
FH R T AR H, ZRpRot - 5 A 9 55 3500 58 X<
L P RGN . L T R A R TR G AR AE
AR B R BRI B RAE AR Y AR TR
JE Z2AE R 0 43 BE A M AT L, K P L P 2T R AR
25 SR A S e v YR AR AT TR %) 81 R0 2 2 4 i
B (FR ).

3 it it

F 1 LR A ] P TR MO P A7 2 SR A 3 L
231 2 917 0.02 F10.09 °C |, ARSI AH X1 L 25 1
MR 1.7% 5T X R I LD RAE AT RO - 3R I 34
SR PR R HG T RE 0/NSABEE RO 5 AR
BT BRARAE LL , 320855 1 /N T 3 T A B
R BRIEFEAE v Rl N TR A 4 35 <0 AN
R S B A MRAMIE 0.5 1 3.6 C 1 g I HAG
T R TR S PP PR AT 28 AT R M T 43 1) FE AR AIMIK 2.3
4 C 1 AT ARG AT RUBE S A R 1 55 8 1 35k
I 7] B H I ZEREIRAE 5 A R R AR HAE LG
RS20 AR IR A5 SRR I, K A R
2T AR 2 bk o A TR A 3R 43 ) HE PR AMIR 1,30
F13.91 °C, M4 Z=AR N SR 1238 LAk S b iy 2.06 F11
5.44 C. 2RI FERA , 4 Z F 2 3R
N PR FE 4 ZEAR IR A BE T AR I IR AL,
TEARERUEE |, — @ B BE AT T ARARTE = T 2215 3R L
HR ) BTN

ARHIFGEFE I, [ 0 2T R ARG B v i R e A I 1)

PET RN B AR R b AR AR TE 2 mT R i
T RN 175 1.80 F15.45 °C  FEA Z Al AR
R 3.69 F17.92 C FEAF R b, A fe i SR A IR
AR S EEARIMEE 1.60 F14.99 °C |, BRI AR R AR S,
TR TR SIS ES 1.12 1 8.82 °C. 3 — R4k
o7 5 37 HAGHE N T ARAOBIFSE S A L, %o i v A AR <
TR 5 0 A N TR Y. 76 % e 38
L A PH VR A /N T G N TR, X AT RE 5
AT BRI AL A T 4 R S A S A A ) I A
N T AR i 3R EE AT 56 50 °C, IR M 2T A AR
e BB (25 C A2 A7) 19 2 A% SR, s il i
AR/ 7 W85 | o B 3TN - OB e ED R o =i 47 s
N AR, R X A EE T 1 R ) o 2 IR
PEFL X AT RE R AR (I X & Z A LT f)L
TR B IARE Ty, B BH B T R
SR RLMRT - 9830 3 1% A8 A A AR 4 1) DR IR A
R AU e e N = TN I AW /A /OO & 3 w210
8 R AEONE T A AR e MR T R T AR Bl A
YR LA YR K5

4 & iE

ASHITFEE i T Ll A R LA AR 2 12
AT BRI e TR AR X A LI S A oA A B
L Lt ] P A O B 8 | i AR AP 42 3 8 B 05
HAARFFEEE BT AE H R b AR <R
03 AR Y B ARAL, 2 52 B U R AR AR
HEARMONP-E ORFRIH A M THIE | R R A4
TR, PR e ARl A ) o e Ay W3 AR AR £



51 EIRPRAE A LY R 2R MORH R R R A5 43 55 R

1527

IR 815 258 07 5 R AL, L 9 i B O AR
PN A7 e R i AV A O B G 3 2 e e ) R
b ARG 2 2 B B AR R AN i AR AR R T
X B 2 ) e e AR R A TR 0 9 4 A L iR
I LT RAAR AT AR i o LIl 4.99 °C B2 i B fIR
8.82 C, o FOxl A I FRH X I B 114 98 95 A . TR B
RIS S5 2 o AR P9 A= R 3 8 4 7 P e 3
TXFRAERE R Y X TR T E R S &
B TR A AE B A HC T 800 S AR G, 4 L
G I FAR/N SR a iR B AR RN AT
X~ T PR 2800 SR T X A A R O, 7 A
DASKHIG W F) DR A P A =, % R G 0 2 07 98 95 R
HEETA

225 3k

[1] LiY, Zhao M, Motesharrei S, et al. Local cooling and
warming effects of forests based on satellite observations.
Nature Communications, 2015, 6. 6603

[2] He Q-T (B{PKHE). China Forest Meteorology. Beijing:
China Forestry Press, 2001 (in Chinese)

[3] TanZ-H (EIF4L), Yu G-R ( T3 H), Zhou G-Y
(JEFEIR), et al. Microclimate of forests across East
Asia biomes: 1. Radiation and energy balance. Chinese
Journal of Plant Ecology (FH¥)4:75%44%) , 2015, 39
(6): 541-553 (in Chinese)

[4] Yang Y-L (#W.HN), Ren C-Y (fEf£/), Wang Y-H
(EHa1E) , et al. Vertical gradient variations of tempera-
ture and vapor pressure in temperate coniferous and
broad-leaved mixed forest. Chinese Journal of Agrometeo-
rology (WP EANR4), 2016, 37(1): 11-18 (in
Chinese )

[5] SunJ-W (#h& M), Wu J-B (RF L), Guan D-X
(KAEHT) , et al. A longterm observation on the air tem-
perature , relative humidity, and soil temperature in a
mixed forest and its adjacent open site in Changbai
Mountains of Northeast China. Chinese Journal of Ecology
(AR, 2011, 30(12) ; 2685-2691 (in Chi-
nese )

[6] Zhang Y-P (3¢ —F), Liu Y-H (X E3t), Ma Y-X
(54%E), et al. A preliminary study on microclimate
in the process of the different growth phases of tropical
forest. Journal of Nanjing Forestry University ( Natural
Science) (Fg 5 ARk R 22224t A SRBR24MR) , 2002,
26(1): 83-87 (in Chinese)

[7] WuJ-B (R%KLL), Guan D-X (KFEHT), Dai L-M
(CHE) , et al. Summer temperature characteristics of
broadleaved Pinus koriaensis forest in Changbai Moun-
tain. Chinese Journal of Ecology (:75%:247), 2002,
21(5): 14-17 (in Chinese)

[8] Ouyang X (BKFHE), Li Y-L (ZEERHK), Zhang Q-M
(5K YH). Characteristics of microclimate in a mixed
coniferous and broadleaf forest in Dinghushan Biosphere
Reserve. Chinese Journal of Ecology ('E&#ARE),

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

2014, 33(3): 575-582 (in Chinese)

Chen JQ, Saunders SC, Crow TR, et al. Microclimate in
forest ecosystem and landscape ecology. BioScience,
1999, 49. 288-289

Xiao J-X (H &%), Fang Y-T ( i8%2). Studies on
variation characteristics of forest microclimate in Matous-
han nature reserve in Zixi County. Acta Agriculturae Uni-
versitatis Jiangxiensis (YLPEAR N K22 4]) |, 2003, 25
(5): 661-665 (in Chinese)

Zhao Y-G (X B W), Gao K-S (5L Ik). Microcli-
mate and seeding cultivation after clear-cutting of Picea
and Abies. Journal of Beijing Forestry University (6%
Molb K2z 244 ), 1989, 11(1); 104-108 (in Chi-
nese )

Mi H-Z (¥ %:5.), Zhang Q-L (3KFKE ), Xu B-Q
(#2558 ) |, et al. Research of microclimatic characters
of Larix gmelinii forest that under different disturbances.
Journal of Inner Mongolia Agricultural University (Natu-
ral Science) (PN Rl K2F 4. A RBL< ) ,
2011, 32(3) : 67-70 (in Chinese)

Duan W-B (B{3CHR), DuS (A 3), Chen L-X (Bf
NHT), et al. Effects of forest gap size and uprooted
microsite on the microclimate in Pinus koraiensis domi-
nated broadleaved mixed forest. Chinese Journal of
Applied Ecology (i £ H), 2013, 24(8):
2097-2105 (in Chinese)

Feng J (% #), Duan W-B (Bt C#5), Chen L-X
(BRSLH) , et al. Effects of forest gap size and within-
gap position on the microclimate in Pinus koraiensis
dominated broadleaved mixed forest. Chinese Journal of
Applied Ecology (N JH/EZS 2 4R), 2012, 23(7):
1758-1766 (in Chinese)

Liu X-D (X)ZLZ), Zhou G-Y (JE#Ei%), Chen X-Z
(BAMBIR) , et al. Forest microclimate change along with
the succession and response to climate change in south
subtropical region. Acta Ecologica Sinica (4EZ&243),
2014, 34(10) ; 2755-2764 (in Chinese)

Wang C (£ ¥). Research of Microclimatic Charac-
teristics of Forest in Beijing: Take Miaofeng Mountain
For example. Master Thesis. Beijing: Beijing Forestry
University, 2010 (in Chinese)

Hannah DM, Malcolm IA, Soulsby C, et al. A compari-
son of forest and moorland stream microclimate, heat
exchanges and thermal dynamics. Hydrological Proces-
ses, 2008, 22: 919-940

Xu M-J (#&%B7%), Zhang T (3K #), Sun Y (F)
1), et al. The regulating effects of a coniferous planta-
tion on the temperatures and humidity in Qianyanzhou
station. Chinese Journal of Ecology (4 7&2¢74i),
2018, 37(11) . 3245-3254 (in Chinese)

Gaudio N, Gendre X, Saudreau M, et al. Impact of tree
canopy on thermal and radiative microclimates in a
mixed temperate forest: A new statistical method to ana-
lyse hourly temporal dynamics. Agricultural and Forest
Meteorology, 2017, s237-238. 71-79

DuY (k. #), Guan D-X (SCHEH1), Yin H (B

ZI), et al. Temperature effect of broad leaved-Korean



1528

B A

ko2
A %

i 30 &

(21]

(22]

[23]

(24]

[25]

pine ( Pinus koraiensis ) mixed forest in Changbai
Mountains. Chinese Journal of Ecology (HZ52FZ4%),
2007, 26(6) : 787-792 (in Chinese)

Ciais P, Reichstein M, Viovy N, et al. Europe-wide
reduction in primary productivity caused by the heat and
drought in 2003. Nature, 2005, 437 529-533

Choat B, Brodribb TJ, Brodersen CR, et al. Triggers of
tree mortality under drought. Nature, 2018, 558. 531-
539

Reichstein M, Bahn M, Ciais P, et al. Climate extremes
and the carbon cycle. Nature, 2013, 500. 287-295
Montwe D, Isaac-Renton M, Hamann A, et al. Cold
adaptation recorded in tree rings highlights risks associated
with climate change and assisted migration. Nature Com-
munications, 2018, 9.1574

Yang W-R (BHXE). Study on Micro-climate Charac-
teristics of North Subtropical Secondary Oak Forests.
Master Thesis. Nanjing: Nanjing Forestry University,

[26]

[27]

2009 (in Chinese)

Wang X (F ), Li Y-T (Z5k¥), Wei H-X (%)
W8S ), et al. Spatial temporal variation process of
microclimate characteristics of Fraxinus chinensis plantation
in the Yellow River Delta. Journal of Northeast Forestry
University (ZRAUARLK#224) , 2017, 45(4) : 60—
64 (in Chinese)

Yu X-Z (F/M4), Yuan F-H (R XUHE), Wang A-Z
(E%ZE), et al. Effects of snow cover on soil tempera-
ture in broad-leaved Korean pine forest in Changbai
Mountains. Chinese Journal of Applied Ecology (v FH/4:
%), 2010, 21(12) ; 3015-3020 (in Chinese)

EEE T

TFIRFR, 40,1998 4F 4 | 2. 50 )T A A5 20

5%.E-mail; 15131211836@ 163.com

RiE4HE

L7

EIIR, R, THa, 55 4K DR R LD PROR SRR R T8, AR SR, 2019, 30(5) : 1521-1528
Wang P-H, Chen Z, Yu G-R, et al. Regulation effects of temperate broadleaved Korean pine forest on temperature and humidity in
Changbai Mountain, China. Chinese Journal of Applied Ecology, 2019, 30(5) : 1521-1528 (in Chinese)



