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Forest microclimate change along with the succession and response to climate

change in south subtropical region
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Abstract: Forest microclimate is deeply affected by the regional water-thermal pattern change and ecosystem succession.
So, it needs to be further studied and assessed about the responses and feedbacks of different successional forests to the
current climate change. In this study, we focused on three undisturbed forests in the Dinghushan biosphere reserve Pinus
massonniana forest (PF) , Mixed Pinus massonniana/ broad-leaved forest ( MF ), Monsoon evergreen broad-leaved forest
(MEBF ), which forming a natural successional sequence in the south subtropical region of China. By analyzing the

microclimates in the three different successional forests and their time-series dynamic trends, the changing mechanisms of
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forest water-thermal environment were explored. Analysis results indicated that; Driven by the succession from artificial
planted PF to transitional forest MF to climax forest MEBF', forest air temperature and surface soil temperature both reduced
significantly. Contrarily, the relative air humidity and water content of surface soil and litter increased gradually. In the
south subtropical region, where rain and heat appears at the same period, the “cooling effects” of the three forests were
different. The air temperatures within PF were 7.9% and 3.6% less than the CK in dry and wet season, respectively;
Transitional period MF were 11.6% and 6.4% lower, and climax forest MEBF were 15.7% and 10.5% , respectively. On the
whole, the forest “cooling and damping effects” had been strengthened over succession. In particular, the “cooling effect”
was more prominent in dry season than in wet season, while the “damping effect” was more obvious in wet season. What is
more, the later period forest was more advantageous in regulation of maximum air temperature and soil temperature. Seen
from the time-series data, the moisture holding ability of forest also declined due to the global warming and regional
precipitation pattern change, especially the intensification of rainfall storms and the increasing number of annual no-rain
days. Mainly shows that the 0—50cm depth soil moisture of three forests all declined significantly from the year 1984 ( P<
0.001), and the average decreasing rate in wet season was faster than that of dry season. Besides, the average decreasing
rate of three forest soil moisture presented the follow order in both annual and wet seasons; MF>MEBF>PF, while in dry
seasons it was MEBF>MF>PF order, similarly. Finally, although the air temperature, soil temperature of the three forests
changed little during the study period, the relative air humidity (P=0.021) and natural water content of litter ( P=0.003)
of climax community MEBF both decreased significantly. Consistent with the variation trend of soil moisture, the average
decreasing rate of relative air humidity and litter water content also presented to be faster in wet seasons than in dry seasons.
We concluded that the mature forest tends to be more sensitive and vulnerable to the regional climate and water-thermal

pattern change in south subtropical region of China.

Key Words: Dinghushan; microclimate ; water-thermal environment ; forest succession; climate change
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Table 1 Basic characteristics of the three forests in the study area

) VNI RS

ARSI . .
Pinus massoniana

Forest types

coniferous forest ( PF)

Eh AN R AT
Mixed Pinus massoniana/
broad-leaved forest (MF)

2 A H S bR
Monsoon evergreen broad-
leaved forest (MEBF)

THER B B Successional stage EIEE|
R Altitude /m 200—300
P51 Slope aspect T
i) Slope gradient/(°) 25—30
i Forest age /a 50—60
H: Y Biomass /(t/hm?) [ 122
FRABE L Tree density (No./hm?) 1) 767
X Mean tree height/m! %) 5.8

SEH 4% Mean diameter at breast height/cm! ! 12.2
I FRFEHL Leal area index' ') 3.6
ARFA B Canopy coverage /%" '+ 50

+ 3 Soil type T 2T 3

HEFF Dominant species

LMY Pinus massoniana

i TR
220—300 220—300
(i) At
28—35 25—33
70—80 >400

260 380

1933 1729

5.5 7.0

7.3 10.2

4.8 6.2

>90 >95

JE AR KAk FRETHE

KA Schima superba ,

HEZE Castanopsis chinensis

HETE Castanopsis chinensis
A Schima superba ,

LKA Pinus massoniana JEFEkE Cryptocarya chinensis

2 WRAE

B TGN ) 78 3 MR A 1
B MRS (2], RIR T, BB
24h SR MUK N R AR EE . AR
A4 TR BRI B SR BV i R 1.5m , IR 455 AT
I (A TR R R | e AR ) A itk (3%
R M2 o iR M B IR, 510,15, 20em IR AL 1Y

IR BRI 3 7,800, 14:00, Fl 20:00,2:00
Af it AEAE S0 T ) 2 e A0 42 U8 D A 3 JT R 7 3T 1E
FExt2.00 BMESEAT TITIEY . A shic st
i BERBUE I G ANE . DU 7 3l S5 W I EcH
RIS Xt R, S 3 MRALRE b AR IE Y 3, MEBF
RN A B W ok 1993 4F 10 H—2001 4E 3 A,
MF 1 PF /NS il fy 1994 47 H—2001 429 H
1984—2009 4F 3 SARAUR N T3 5 K B 455 1l 4t
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LB TK ML (CNCS503B, b mUHRERME 23 A,
J650) TR E . 1999—2011 47,3 AMRALJE &)
FroK A2 J7 iR N TE 3 AL B B 6 4 0.3mx
0.3m HI/NEEDT 35T 60°C HERHET, FRER ST,

3 GRO
3.1 RSN I RRMOR IS AL

311 MRHNAIE

3 PO PN AR, AL FE T34 SR TR R R IR
Tk 3 N TE AR LA S T3 2, WRSTHAIE] MRAb A
Hi(CK) S0k WA Y Sl Ry 22.7°C, ARAY ],
MEBF 457347 7 B i e = W 350 3 Bl o fe 1%, AHAL
T PFREIRALN” 4351 R 8.5% (1.8°C) Fl 25.0%
(5.8%C), MR ALiRFRIN A MEBF B & T MF

A1 PF, X RIITE B R FARIR AR E] MEBF Ak 73 AJ
REFEAE—E I DRIGALN. " o 5L 3 FhARAL Y- S5 1 B2
T BRI S , T2 4R PF MF 1 MEBF
Pl s <408 (CK) 40 5K 1.4 2. 1°C F1 2. 9°C
MZZE=F 758 1.0 1.7°C 1 2.8°C ; L4, MEBF
MRt s iR e T 22 B BN T PF O B3 435
K SACH6.3C, “FRIESN” £+ FHEH B, X T
B85 T 25 g M PHT Ml XA 78 R G P 55 2 AR [
Z K 5T MEBF 5835 1 R G045 18 AR By 7K
PR DIREA DG, PRI ™ B X6 T34 S AP Uk 1t
&, 76T 12 MEBF # PF 43355 1.7°C#10.9°C , T
AN, Sk UE, B MR PF—>MF—MEBF
TR IEAT , PR ST 34 o e R R A1, AR A
PA IR BE A e i AP

F2 3 HMHREKAKBEA LB (1993—2001 4F)
Table 2 Comparison of monthly air temperatures of the three forests in 1993—2001

HAp Gl A i H A Ey e il
Hy Monthly averaged air Monthly averaged maximum Monthly averaged minimum
Month temperatures air temperatures air temperatures
MEBF MF PF CK MEBF MF PF MEBF MF PF
1 11.2 11.1 12.1 14.4 16.5 21.8 23.9 9.5 6.3 6.3
2 10.3 12.5 13.2 14.9 12.5 16.4 17.5 9.1 6.7 6.6
3 16.4 16.6 17.8 18.3 19.4 20.5 25.8 14.3 11.0 12.6
4 18.2 21.0 22.2 22.8 20.3 26.5 28.9 15.8 16.3 14.5
5 23.6 24.2 25.1 25.9 29.1 30.1 33.0 18.2 19.5 21.0
6 25.5 26.6 26.7 28.1 29.8 30.6 32.8 23.2 23.8 22.6
7 26.1 26.8 27.3 28.7 30.0 32.1 35.7 23.6 24.3 23.4
8 25.5 27.5 27.7 28.8 28.5 30.3 34.5 23.9 24.3 20.9
9 24.2 24.5 25.7 27.4 28.1 30.5 31.9 22.3 21.5 19.3
10 21.7 23.1 23.5 25.4 25.9 26.3 30.9 18.6 18.5 18.5
11 18.0 20.4 19.0 21.2 22.3 27.8 27.7 14.6 13.5 12.7
12 13.7 14.8 15.0 16.6 16.2 23.2 25.6 10.9 9.3 10.0
I{E Average 19.5 20.8 21.3 22.7 23.2 26.3 29.0 17.0 16.2 15.7

3.1.2  ARNAHRHRE

3 PRI AR AR B 22 15 A2 AL UL Rl 1, MEBF
A X5 AH X0 B B s, MR AU [R] [R] & BE O MEBF
(89.7%)>MF (81.9%)>PF (80.6%) ., 7tT j2Z
RUEE b AR S4 A G B R R T 2% (10—324F 3
H) MEBF (84.3%)>MF (78.1%) >PF (77.3%) ,1%
Z= MEBF (95.0% ) >MF (86.5%) >PF (84.0%) ., T
KRETK MEBF AH LE T 1B BC PF AR« 3598 2800
3R 8.3% M1 11.6% 1B 3N KT T2, HHXHE

B v AR 5 B R AT OC (18 1), BL MEBF k14
Pearson 1< %L 80.7% . K& &R0 AH fy, 8%
FARFHCR, HARRHRIE (9 4FE AL 57 (CV < 10% ) 3 /)
TRk, UH R (4—9 H), o T
TR ARSI BE B A% SR R R, 10—12 AR N AHXHE
JERZ 1—3 A AR, X FE R R TRRIZ A 2 5
T B K Z A0 1—3 HZIX BRI 5 F 9K
R KRR D
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Fig.1 Comparison of monthly air relative humidity of the
three forests
MF: mixed Pinus massoniana/broad-leaved forest; PF: Pinus
massoniana coniferous forest, MEBF: Monsoon evergreen broad-

leaved forest;
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B2 SR T 3 RIS Sem TRAL 38 TE (1)
ARG, BRI PF 2| T BE 7% MEBF (1) 1E
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B REAR, BRAE], 4 Y 4 8RR 8 MEBF
(19.1°C) < MF (20.3C) < PF (22.5C);fE T2,
MEBF (15.6°C) < MF (16.6C) < PF (18.9C), 1%
Z MEBF (22.7°C) < MF (23.9C) < PF (26.2°C) .
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Fig.2 Comparison of soil temperatures in Scm depth among

the three forests

3.1.4 RN R KRG
Bifi 22 45 1 m) J B ) 34T, HIEA LR H AL R

[ R 3 2 B K A WIS XS R G 1%
Fmek KSR EAL I, LI 0—15em 13
Z M), B PF—>MF—MEBF H #5325 /K &
T, AT 34 4 B K MRS [R) SR Bk . MEBF
(36.6 mm)>MF (31.3 mm)>PF (31.0 mm) , [d]Hif +
BEEOKEAE N 5 R BN RIS MEBF (9.5%) <
MF (11.9%) < PF (14.0%) , T2t # 7% MEBF 74
TR KRR RGO T N, RYE Y E
AT R 2 H A SRR T &K & W 2 %
TEEAFIAMRN /N RAE . 3 PRBL PR V% 4 5 KRR
FP K MEBF (42.1% ) >MF (35.4%)>PF (32.7%) .
JRTEY) E KRN AR S KO NET 5 3R F oK
() — 20 AP AR 5 RAE A R S T )2 3K i
(A AR , BAR K MEBF (21.4%) < MF (26.2%) <
PF (30.4%) .

= MEBF
== MF
‘[ — PF

W
(=}
T

30
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0—15cm 3 A KR
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75 r

EYE KRR

Water content rate of litter/ %
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H 4 Month
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Fig.3 Comparison of soil temperatures in top 15cm and litter

water content among the three forests
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