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Studies on the Flux Distribution and Energy Closure in Xishuangbanna
Tropical Seasonal Rainforest, China

JIN Yan, LIAO Liguo, ZHANG Ying, LIU Yue, LIU Jiahui, TAN Zhenghong"

(College of Ecology and Environment, Hainan University, Haikou 570228, China)

Abstract: In order to explore the energy distribution and energy balance closure of the tropical seasonal rainforest
in Xishuangbanna, China, the energy flux characteristics and closure features in different seasons were analyzed
by using the continuous monitoring results of the eddy covariance system and conventional meteorological
instruments. The results showed that the annual net radiation, latent heat flux, sensible heat flux, soil heat flux and
heat storage were 4 546.07, 2 453.24, 492.22, —10.47 and 45.93 MJ/m?, respectively. It was suggested that soil
was a heat source. The latent and sensible heat fluxes were accounted for 54.0% and 10.8% of the net radiation,
respectively. The main form of energy dissipation was evapotranspiration. There was obvious diurnal variation
and seasonal dynamics in radiation and energy, and the diurnal variation of each energy components almost
showed a unimodal trend of high daytime and low nighttime. The overall albedo ranged from 0.10 to 0.12, with a
little fluctuation, and the seasonal variation of the Bowen ratio was significant, fluctuating from 0 to 0.8
throughout the year. The annual closure of tropical seasonal rainforest was 0.67, which varied from 0.51 to 0.79
when the heat storage was not considered, and from 0.53 to 0.80 when the heat storage was taken into account.
Therefore, the contribution of heat storage to energy closure was small in tropical seasonal rainforest with dense
forest canopies, and neglecting heat storage was not the main cause for energy non-closure.
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Fig. 1 Terrain situation of eddy flux tower
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Fig. 2 Monthly changes of temperature, rainfall and soil water content at different depths in the tropical seasonal forest
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Fig. 3 Diurnal variation of radiation and energy flux in different seasons. Rn: Net radiation; LE: Latent heat flux; Hs: Sensitive heat flux; G: Soil heat flux.

222 MR PECLLH H AR AGRFE

by A0 KA R] (0 4 S 1l T DU e IR 3R 3RO,
A BB RPN BIRE (B 4). B ZRR Ak
) S AR AL T 0.10~0.12, WREIA K, TEEH
BRI, 3—4 A RIER G, WEREHT T,
£ 10 H#/N0.103), F YR e — 12K,
M2 AT AR 7wk, FEYIRHE SR/
DR, ETRKBZEAE DGR K 18 i Ak
st R AR, SRRV I I I S A I B
2R 25 B ek (T AR i A H AR LR 1), R
I N5 N =0, FE A SR, AT
AN, R RS RS, RBRBAK,
Ji B8 25 K PH v B A 0, L e 5 A R A,
SRR o

T ST b I it S b 2 AR R D PR 7K A R
R, AR¥E LE A1 Hs /Y H S s v E (B 5). &
SEPSCEN 0~0.8, LE dHkET Hs, T E R
o, FEEE>TIESHTE, FHEOCHN 031,
223 feEAMEENERERNES

R TR 25 W AR A A7 ) B T A 1 T
Wk, X EER S EHRAT TIFEWE 6). AFEZET

TR EAE R Sa ¥ BILFIE R, BRI
B, WIEAE RS . 8:00 BIKBHERSHE /D,
BT S, W2, Sa WA K; 8:00 2 J5, K
FH w1 FE fa 30, N B R R 2 T 46 A s B
K, fEIETHEERIE(E, FmFEMEIEZ RS
IR KM, Sa kT F#ZE(14.31 W/m?), J@ibxt
& B2 IR B A B, KIAE 10:30—12:30
SRR K, LR G R Sa 52

1 MHARES(LADKI A 224

Table 1 Monthly variation of leaf area index (LAI)

Z=45 Season A4 Month LAI 145 Mean
U 11 6.44%0.050 6.40+0.084
Foggy cool eason 12 6.54£0.046

1 6.52+0.059
2 6.12+0.055
TR 3 5.63%0.040 5.28+0.243
Hot dry season 4 4.94+0.057
S 5 5.68+0.026 5.77+0.077
Rainy season 6 6.02£0.046
7 5.92+0.054
8 5.52+0.046
9 5.64+0.080
10 5.85+0.069
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Table 2 Energy distribution patterns of tropical seasonal forests in different seasons
oty it B4 AC Energy allocation e
Season LE/Rn Hs/Rn G/Rn S/Rn Bowen ratio
%2 Foggy cool season 0.379 0.143 -0.010 0.028 0.378
T#Z Hot dry season 0.471 0.158 0.002 0.028 0.336
FYZ% Rainy season 0.612 0.151 0.002 0.014 0.245

LE: {&#GE®E; Rn: {484 Hs: RHRER; G HIEHER; S: BHGEAE.

LE: Latent heat flux; Rn: Net radiation; Hs: Sensitive heat flux; G: Soil heat flux; S: Total heat storage.

2.4 ReEPHHLE EBR K121k

EBR [JA5b 34 W3R 3, IELLXf 20 S [hE =
W& RS S HIREE & FET LU I, S X
e A A DTN 1.0%~2.0%. EBR 275 8] % 5
B3, RIANWE>THE>ZTHE, IHH S FFE
BN 0.670, BEEAIAH S .

3 e i

3.1 REESE N
KPHFRSHE NS REMRERERIE, BE— R
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Table 3 Seasonal variation of energy balance ratio

ZEY fE P73 Energy balance ratio FHRE /%
Season S(LE+Hs)/Z(Rn-G) S(LE+Hs)/Z(Rn—G-S) Contribution rate
4=%E Full year 0.653 0.670 1.7
%5052 Foggy Cool Season 0.549 0.565 1.6
T #Z% Hot dry season 0.613 0.630 1.7
2% Rainy season 0.736 0.747 1.1

LE: BB E; Rn: #5841, Hs: BHGEE; G HIgHRE; S: SIEFE.

LE: Latent heat flux; Rn: Net radiation; Hs: Sensitive heat flux; G: Soil heat flux; S: Total heat storage.

KA AR B SUBIHEH 2 BT P Y8 R I H
AR RAE N 3 146.9 MI/m?, PR BR IR L
BRI ST EME N 2 6262 MI/m?, i
P & AT LL R ARSI 4R 5 2 800~3 000 MU/m?,
R L SRR I ARBA 3 488.8 MI/m?,  PE XU 4N
Py 2= RIS 14 4R S IA 4 546.07 MI/m?. 1
KU AN By ZE AR A FE G o 7E LI ZR AR AR /NS
e Re AR e b, R IR I B W R 4 FE AR AR
fiE, 5 5 26 B O S () PR S S RS, FEAR R
SRR R ER S, Pali MRS E e T
FAb AR B 2

A RER R /N EMAE TR REEN 2 D,
WP EHE MBS Z D ARIKAES RS
TIRBMAERES S, RS AT AR AT
EZES, AeirE A AT PL S ie—A X3 e &
AROL, IEREULIA N TR AR AR Jb Ry
Z A X IR b AR S R B A K IR TR I
e, AeRETEAMECYS LE, Hs{V N LE ff—FBY; 2
FRERAEX NS I ERAES RS, Hs fEREE
e AR BT PRI BN PR
BUZREE N EERERE A, LE. Hs. G M S HIEHR
FHEM I 2 453.24. 49222, —10.47 £145.93 MI/n?’,
LE fERE 5 Rn [ 54.0%, Hs 5 10.8%. Zim[EiE
U RS BCE A LA, HAE, R —1ME
KX, HABEE LA 180 m /& i#IE L ST ii——Fg i
T, FEIT AN R R MOK 7 (ARG T,
WK o BRI, SeA B s, Z&1E7EH B3,
fEmim P IREN F, FREKEAKR S PR, 7
ReE e fE R, SR ANHLR R ST RE B 4 R 2 AL
DL Tl ORI KA SE A H#, LE L Hs &1 4.9
o KARSF AR RERE, ARIRERIK, 2his
EMEIRERE/D . Trenberth B84 T &FERAE R L,
IR IR R R A I LI FEETE R, RS

PC 5 7K 43 P47 52 KK 3 R 55 52 o A SC LG Y
HAAS AL AEE ) LE M Hs MIBIASXRR, &k
RIS ARV &, 1555 I 2R 1] 23:00 2
H 11:00 AR RIEER S, RKFEE L4657
H RS R FER ST s A, ZE BRI BE 2 95517, LE ¥k
N, FEOESCHEZ LT mKF. FRER
SWELE, BEAKIRAD, FEAHMERYS, WY E
TERIRIRS, ZEME R, Bl FE k. W
ZXTRMREAIR 2, BKEKR, B —D
N WEARNENKRE, EARHENNRESRSH L
SAE AR 17 R E AR A i AR, S BT i Bl
/N, S FEEMEAUN Ra 1 1.0%.

3.2 RREWEES T

AN WO w3 KAE ) HE T8 N e =117 1) L 1
WFFRRE, W Ee A A MR wmAFE. K
ZH TN R R S AP InaE R IR Q BE AR
Ny HAGME, — B ZBEA TS, P X kR 4l #
RN MR L EE X, WA £ 7 2 KGR
0.9 m/s, BEEAHIREEAKN, WRE RSN T
T ) PRIEAE FH DA B T 28 K = 7 I A 77 A 11 4
&, EREMENERT, w2 NG
AT BEAE LA RS 70 40 A8 4, 0 B M 008 % A DA
M HomfE, SREEHAEEEG. R
TN R 1z X G E A A I E B . K
WA AE A RE EH EBR RIFEWAS RN AR
AR, EARHEESH, HIJEBR N0.51~0.79,
ZE&T S5, EBR A0.53~0.80, FHHEEEN0.67.
e ] 368 B 0 0 X 48 (ChinaFLUX) B3 f) 8 ANl A5 A
EBR 737128 0.58~1.0, HA P XU iR ghsh 8 E K H
SRR X PN Sl pit AR AFF 35 P 5 B 0,582, AR IR
Iy MR B AN AT 3 B RS T B 45 1 hm? B
Hu PN PR IE R GE, % X IR RE B A 1 1R X ek



480 HAH W AR 27

30 %

Ho NI RERHEET SHIEm, HENERS
FUHASF, SXTEBRFITTRARIR/N, #HfgEAZ1Z
Hh[X g AN A ) R A

KRG RE, PN E P&
FIEHRRNENER, WE>TRE>FHE. A
BRI T- BRI S 502, T ZEXGREE S, K
BERAZTA, BokEE, HT oW TEN
FERBT . F RS SR I BB E A — e R R
17 RAMACH:, TRE S BB R A, T
EBR fi/)No HEANTHREG, SWRMETF, 7EAKEZ IR
HHEL HTAZEIEDN, o IR A
KX HERE AT R AL, AR TR, N
TSR s S8 n, LE ELEyl, FrUlReET
BAEIE TN WERARSIRE L, BKE
K, BEEACHTSY, RemMIEEILEAT -

R FAERIH], T8RN B LA A 7
FUAR I Res S5AN & FEAHILAL, 55 95 % f5 2000 Y
RURR 40 AR 25715 T AR S 50 00 I 3 1) A6 B 9T 90
SZERAALL, ARG RN EE T LE. Hs WA,
MRYEA GG =T 7, BEENAERT 1.4m
I JZ 62.14 68.1. 77.7 m b2 15 A KIS A
MRS, &b a2, S E0HE B R AE
ERACAS . EREEN SRR ERNTS, BRTR
B S MM ESRGRER M AL, ReR T
HAR R, feRMA R SmRmER X, X
T A AN SR I, 0 FE A O R e M I %) 45 SR 2
i, FECURTEE—EFEE KM, TR
EZWEIA, KN, BEERE KN e & R
A RGURKS ) RN RE B 1A AR, i 7 560 P o B8
P2 IR ) 48 T 1, AR T B 32 e T 7S
5y, BeE ARt K. IR EE R 4k 2 AN
T 02m/s, RKAZEFE, WismEss, i
BREEEZMMZERR, fEEMSEAE. ARHE
Jei, ANBREESABOINFAMT, 5 A A1 Hh
EARA SN, Faw BT, ARMEERAS
FES e . HifE IR R m] R i R AN A 1
JAZ —, Aubinet!'Vfl Lee™ A N AF4E, A2k
BRHIH T e XL, Stoy 25143 T FLUX-
NET ™ 193 /Nl sl %R, A ~ReE & R S HE
FEYIEAL ) S B8 R R o ANHIE T IRdE )
BT LA, DURERHEAE, GERAKIRS Mk
e, WG BRI, SEREEMGERE.
TE N 7K A B =@ = 78 EBR 2974 0.5~0.99,

Horr AR B AR AR (0.77) AT H1(0.76) ) EBR 1E/)
AR ST HE AR B (0.80) AT 3H11(0.84),  ME KB 4)
H B BN P HE I BT R R )l AN ST ]
RFEAIR R G0 A2 BT FZ BRI %, v
KBRS e B AR, 8 T RS R AR
A A IS FE A D FLRFE . ARAE I —
B, ReR TS T UGS, (EAN IR iR R
WEREMSREIR, feREMELIAE, XYW
MR HHBET PR 2, LIRS
R FZ5, REAES RS ETCMGE & T
A5, REEAS A R RIS 2 (AT FRIA 5 e 3
RN R — HBUIT LRI, 2 BTt
FORIBEEAEA 2 7 B, Wie 22 10 5
PR % L IS T FRURE 22 SR ol 1) i IR AT S PN 220 T
PR RS, BEE AT X E R 1 e B 5T
HHEER S, EFSIRNHGTEN, WA
gy, {EMIFREEEN, 27 —EfE K4S LE A
Hs, JHARMGMEER LE ((FFPRK), SEREEM S
FEAR TP, fERZHIX Ik, IERe A&
) SR R iy B AL, BRIVt RS RE R A
A R AGE . EAEZIX, SR M kA7)
EX BRSPS I TTIRA R, DRARRE, RS
RE 2 Rt A X RE R P AR R B R, A
JEE S - PR A7 100 HE B JEE 5 KR R R IS i, AELATS SR
AT REEPARME(TFRR). AREER. KARER
X R 22 S AT Be 2 R e B T S, DRIk, X
T X IR e S P A I A 70 it — DI N

SR

[1] VALENTINI R, MATTEUCCI G, DOLMAN A J, et al. Respiration as
the main determinant of carbon balance in European forests [J]. Nature,
2000, 404(6780): 861-865. doi: 10.1038/35009084.

[2] BALDOCCHI D D, HINCKS B B, MEYERS T P. Measuring biosphere-
atmosphere exchanges of biologically related gases with micrometeo-
rological methods [J]. Ecology, 1988, 69(5): 1331-1340. doi: 10.2307/
1941631.

[3] HUENNEKE L F, ANDERSON J P, REMMENGA M, et al. Deserti-
fication alters patterns of aboveground net primary production in
Chihuahuan ecosystems [J]. Glob Chang Biol, 2002, 8(3): 247-264.
doi: 10.1046/j.1365-2486.2002.00473 x.

[4] SUTER S, HOELZLE M, OHMURA A. Energy balance at a cold
alpine firn saddle, Seserjoch, Monte Rosa [J]. Int J Climatol, 2004,
24(11): 1423-1442. doi: 10.1002/joc.1079.

[5] LINDROTH A, IRITZ Z. Surface energy budget dynamics of short-
rotation willow forest [J]. Theor Appl Climatol, 1993, 47(3): 175-185.



54 1

SHESE: VUGN 2= R MO B 20 T 2 R T4 ) A 481

doi: 10.1007/BF00867449.

[6] CUI W H, CHUI T F M. Temporal and spatial variations of energy
balance closure across FLUXNET research sites [J]. Agric For Meteor,
2019, 271: 12-21. doi: 10.1016/j.agrformet.2019.02.026.

[7] State Forestry Administration. Notice of the State Forestry Admini-
stration on printing and distributing the national tropical rain forest
protection plan (2016—2020) [EB/OL]. (2016-08-31) [2016-10-11].
http://www.lydcxh.com/h-nd-565.html# np=102_509.

EZMl R, ERAAL R TR (4 E R R AR R R (2016—
2020 £F)) HJiEAI [EB/OL]. (2016-08-31) [2016-10-11]. http://www.
lydexh.com/h-nd-565.html# np=102_509.

[8] ZHANG R, DONG T F, DENG X B, et al. Vegetation numerical classi-
fication and ordination of a 20-hectare tropical forest plot in Xishuang-
banna, southwest Yunnan [J]. Chin J Ecol, 2018, 37(2): 347-352. doi:
10. 13292/j.1000-4890.201802.028.

KA, IR, RBLR, S5, THXURAN 20 2 HURE Ly ZR bRAE 1l 4
wREHT [ EAYARE, 2018, 37(2): 347-352. doi: 10.13292/
j.1000-4890.201802.028.

[91 LAN G Y, HU Y H, CAO M, et al. Establishment of Xishuangbanna
tropical forest dynamics plot: Species compositions and spatial distri-
bution patterns [J]. J Plant Ecol, 2008, 32(2): 287-298. doi: 10.3773/j.
issn.1005-264x.2008.02.006.

ZEE, SRR, BEL & WXURNIGE RS A —
PR RS =S 8] Ak 5 (7], B AS 2A4), 2008, 32(2): 287-
298. doi: 10.3773/j.issn.1005-264x.2008.02.006.

[10] ZHANG Y P, TAN Z H, SONG Q H, et al. Respiration controls the
unexpected seasonal pattern of carbon flux in an Asian tropical rain
forest [J]. Atmos Environ, 2010, 44(32): 3886-3893. doi: 10.1016/j.
atmosenv.2010.07.027.

[11] STOY P C, MAUDER M, FOKEN T, et al. A data-driven analysis of
energy balance closure across FLUXNET research sites: The role of
landscape scale heterogeneity [J]. Agric For Meteorol, 2013, 171/172:
137-152. doi: 10.1016/j.agrformet.2012.11.004.

[12]LI Z Q, YU G R, WEN X F, et al. Energy balance closure at China
FLUX sites [J]. Sci China Ser D Earth Sci, 2005, 48(S1): 51-62. doi:
10.1360/ 05zd0005.

AIER, Toth, WK, 5. [ & I P 2% (ChinaFLUX) R
PP ERBLI TP (0], T ERRA(D B shEREFE), 2005, 48(S1):
51-62. doi: 10.1360/05zd0005.

[13] LINDROTH A, MOLDER M, LAGERGREN F. Heat storage in forest
biomass improves energy balance closure [J]. Biogeosciences, 2010,
7(41): 301-313. doi: 10.5194/bg-7-301-2010.

[14] YUE P, ZHANG Q, YANG J H, et al. Surface heat flux and energy
budget for semi-arid grassland on the Loess Plateau [J]. Acta Ecol Sin,
2011, 31(22): 6866—6876.

B, sk, ek, % e EE T B R Al i A
G (I B, 2011, 31(22): 6866-6876.
[15] MCCAUGHEY J H. Energy balance storage terms in a mature mixed

forest at Petawawa, Ontario: A case study [J]. Bound-Lay Meteorol,
1985, 31(1): 89-101. doi: 10.1007/BF00120036.

[16]ZHANG Y P, SHAL Q, YU G R, et al. Annual variation of carbon flux
and impact factors in the tropical seasonal rain forest of Xishuangbanna,
SW China [J]. Sci China Ser D Earth Sci, 2006, 49(2): 150-162. doi:
10.1007/s11430-006-8150-4.

[171ZHANG K Y. A preliminary analysis of the characteristics of the
climate and its formation factors in southern Yunnan [J]. Acta Meteor
Sin, 1963, 33(2): 218-230. doi: 10.11676/qxxb1963.021.

TR E . R SRR BT B F IR AT (0] AR,
1963, 33(2): 218-230. doi: 10.11676/qxxb1963.021.

[18]LIU W J, ZHANG Y P, LI H M, et al. Fog drip and its relation to
groundwater in the tropical seasonal rain forest of Xishuangbanna,
southwest China: A preliminary study [J]. Water Res, 2005, 39(5): 787—
794. doi: 10.1016/j.watres.2004.12.002.

[19] TAN Z H, ZHANG Y P, SONG Q H, et al. Leaf shedding as an
adaptive strategy for water deficit: A case study in Xishuangbanna’s
rainforest [J]. J Yunnan Univ (Nat Sci), 2014, 36(2): 273-280.

WIEEE, K1, RKIEH, & R M ARK 23 5 Bl RO
SRIWTFE: CAPEXUR AT AR 0] [1]. 2 MRSk (A AR
fi), 2014, 36(2): 273-280.

[20] AUBINET M, GRELLE A, IBROM A, et al. Estimates of the annual
net carbon and water exchange of forests: The EUROFLUX methodo-
logy [J]. Adv Ecol Res, 1999, 30: 113—175. doi: 10.1016/S0065-2504
(08)60018-5.

[21]WEBB E K, PEARMAN G I, LEUNING R. Correction of flux
measurements for density effects due to heat and water vapour transfer
[J]. Quart J Roy Meteor Soc, 1980, 106(447): 85-100. doi: 10.1002/qj.
49710644707.

[22] TAN Z H, ZHANG Y P, YU G R, et al. Spatial and temporal dynamics
of CO; concentration and its causes in Xishuangbanna tropical seasonal
rain forest, China [J]. J Plant Ecol, 2008, 32(3): 555-567. doi: 10.
3773/j.issn.1005-264x.2008.03.004.

WIEEE, K, T ot & HOSET M AMOMGE 07 AR P s
J2 COLWRBEMIN B R EL R 34T (], 352741, 2008, 32
(3): 555-567. doi: 10.3773/j.issn.1005-264x.2008.03.004.

[23]1FANG C Y, JIANG H, NIU X D, et al. Energy flux and balance
analysis of evergreen and deciduous broad-leaved mixed forest in
Tianmu Mountain during growing season [J]. J Fujian Agric For Univ
(Nat Sci), 2016, 45(4): 391-397. doi: 10.13323/j.cnki.j.fafu(nat.sci.).
2016.04.005.

TR, VLU, ek, S R B IS R AR AR KRR
IR P D] ARER MO (B RF AR, 2016, 45
(4): 391-397. doi: 10.13323/j.cnki.j.fafu(nat.sci.).2016.04.005.

[24] WILSON K, GOLDSTEIN A, FALGE E, et al. Energy balance closure
at FLUXNET sites [J]. Agric For Meteorol, 2002, 113(1/2/3/4): 223-243.
doi: 10.1016/S0168-1923(02)00109-0.

[25] TAJCHMAN S J. Comments on measuring turbulent exchange within



482 A LT

ek #30%

and above forest canopy [J]. Bull Am Meteorol Soc, 1981, 62(11): 1550—
1559. doi: 10.1175/1520-0477(1981)062<1550: COMTEW>2.0.CO;2.

[26] BLANKEN P D, BLACK T A, YANG P C, et al. Energy balance and
canopy conductance of a boreal aspen forest: Partitioning overstory and
understory components [J]. J Geophys Res Atmos, 1997, 102(D24):
28915-28927. doi: 10.1029/97JD00193.

[27] OLIPHANT A J, GRIMMOND C S B, ZUTTER H N, et al. Heat
storage and energy balance fluxes for a temperate deciduous forest [J].
Agric For Meteorol, 2004, 126(3/4): 185-201. doi: 10.1016/j.agrformet.
2004.07.003.

[28] ZHANG X J, YUAN F H, CHEN N N, et al. Energy balance and
evapotranspiration in broad-leaved Korean pine forest in Changbai
Mountains [J]. Chin J Appl Ecol, 2011, 22(3): 607-613. doi: 10.13287/j.
1001-9332.2011.0125.

FRHTEE, FRUE, BRUBHE, 5. 4 R LR bRER BT R AR
[7]. BiFAEAREAR, 2011, 22(3): 607-613. doi: 10.13287/7.1001-9332.
2011.0125.

[29] GRACHE A A, FAIRALL C W, BLOMQUIST B W, et al. On the
surface energy balance closure at different temporal scales [J]. Agric
For Meteor, 2020, 281: 107823. doi: 10.1016/j.agrformet.2019. 07823.

[30] CHEN C. Observational study of surface energy balance and energy
closure in the farmland ecosystems in Huaihe River Basin [D]. Anhui:
Anhui Agricultural University, 2012.

PRER. MERIRECR HAS RG R E-FH S MG D] %8 %
Btk K2, 2012,

[311ZHOU Y, GE J W, PENG F J, et al. Energy flux and balance analysis of
Dajiuhu peatland in Shennongjia [J]. J Hydroecol, 2019, 40(4): 14-21.
doi: 10.15928/j.1674-3075.2019.04.003.

JAR, EAkRe, SRR, S AR AERIUIEITE R T b AR B IE B R P
BHT [J]. AKAEEFIE, 2019, 40(4): 14-21. doi: 10.15928/j.1674-
3075.2019.04.003.

[32]NIU X D, LIU X J, LIU S R, et al. Energy balance characteristics of a
natural oak forest (Quercus aliena) at a transitional area from a
subtropical to warm temperate climate, China [J]. Acta Ecol Sin, 2018,
38(18): 6701-6711. doi: 10.5846/stxb201803290650.

AR, XIWEHE, IR, . AT -BE IR A kU8 X R IRER AR 1 g
BEOPATRE [1]. 423K, 2018, 38(18): 6701-6711. doi: 10.5846/
stxb201803290650.

[33] ZHOU Z. Study on microclimate characteristics of tropical mountain
rainforest in Jianfengling, Hainan Island [D]. Beijing: Chinese Aca-
demy of Forestry, 2009.

JA B U ORI BT 1L M R AR N SUBRRFERF AL [D]. dbst:
PRV RLABF TR, 2009.

[34] YAN J H, ZHOU G Y, WEI Q. Environment of microclimate of mon-
soon evergreen broad-leaves forest in Dinghushan [J]. J Wuhan Bot
Res, 2000, 18(5): 397—404. doi: 10.3969/j.iss1.2095-0837.2000.05.009.
EMRAE, FER, 5. 5 KR SR AR N SR REIE 2 T

[7. RPUEYZEREFE, 2000, 18(5): 397-404. doi: 10.3969/j.issn.2095-
0837.2000.05.009

[35] TAN Z H, YU G R, ZHOU G Y, et al. Microclimate of forests across
East Asia biomes: 1. Radiation and energy balance [J]. Chin J Plant
Ecol, 2015, 39(6): 541-553. doi: 10.17521/cjpe.2015.0052.

WOIEYE, Fovhn, RBER, % O WMNRESHRARENERE: 1. 8
SRR BT (7], RS AR, 2015, 39(6): 541-553. doi: 10.
17521/cjpe.2015.0052.

[36] SUN C, JIANG H, CHEN J, et al. Energy flux and balance analysis of
Phyllostachys edulis forest ecosystem in subtropical China [J]. Acta
Ecol Sin, 2015, 35(12): 4128-4136. doi: 10.5846/stxb201308272161.
VR, VLA, PRl S5 WHGEBTMHAES R AR B SO i
[7]. ZEAS244R, 2015, 35(12): 4128-4136. doi: 10.5846/stxb201308272161.

[37] CHEN S P, CHEN J Q, Lin G H, et al. Energy balance and partition in
Inner Mongolia steppe ecosystems with different land use types [J].
Agric For Meteor, 2009, 149(11): 1800-1809. doi: 10.1016/j.agrformet.
2009.06.009.

[38] TRENBERTH K E, FASULLO J T, KIEHL J. Earth’s global energy
budget [J]. Bull Am Meteor Soc, 2009, 90(3): 311-324. doi: 10.1175/
2008BAMS2634.1.

[39] LIU W J, ZHANG Y P, LI H M, et al. Fog characteristics in a tropical
seasonal rain forest in Xishuangbanna, southwest China [J]. Acta
Phytoecol Sin, 2004, 28(2): 264-270. doi: 10.17521/cjpe.2004.0039.
RUSCA, 5k, ZRL0Hg, 55, VURURYN B 5T AR Y R AT
Fo [7]. HA AR, 2004, 28(2): 264-270. doi: 10.17521/cjpe.
2004.0039.

[40] LEE X, BLACK T A. Atmospheric turbulence within and above a douglas-
fir stand, Part II: Eddy fluxes of sensible heat and water vapour [J].
Bound-Lay Meteor, 1993, 64(4): 369-389. doi: 10.1007/BF00711706.

[41] WILSON K B, BALDOCCHI D D. Seasonal and interannual varia-
bility of energy fluxes over a broadleaved temperate deciduous forest
in North America [J]. Agric For Meteor, 2000, 100(1): 1-18. doi: 10.
1016/S0168-1923(99)00088-X.

[42]1DOU J X, ZHANG Y P, YU G R, et al. A preliminary study on the heat
storage fluxes of a tropical seasonal rain forest in Xishuangbanna [J].
Sci China Ser D Earth Sci, 2006, 49(2): 163—173. doi: 10.1007/s11
430-006-8163-z
SEREE, K, Tothm, & FXURIN G ZETT ARG R D
gt (7). HEFB D HERELE, 2006, 49(2): 163-173. doi: 10.
1007/s11430-006-8163-z

[43]1DING R S, KANG S Z, LI F S, et al. Evaluating eddy covariance
method by large-scale weighing lysimeter in a maize field of northwest
China [J]. Agric Water Manage, 2010, 98(1): 87-95. doi: 10.1016/j.
agwat.2010.08.001.

[44] KANG M, CHO S. Progress in water and energy flux studies in Asia: A
review focused on eddy covariance measurements [J]. J Agric Meteor,

2021, 77(1): 2-23. doi: 10.2480/agrmet.D-20-00036.



