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Characteristics of energy balance in a mixed forest in Jiuzhaigou Valley
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Abstract: In China and East Asia, characteristics of energy exchange in the Tibetan Plateau and its surrounding areas are
important factors for promoting the processes of weather change and climate change. The energy budget cannot be ignored
because of the unique thermal structure of the atmospheric boundary layer of the Qinghai-Tibet Plateau and its surrounding
valleys, as well as of the transition zone between the Qinghai-Tibet Plateau and Sichuan Basin. However, because of the
lack of long-term observational data, the characteristics of energy balance in these areas are unclear. In this study, we
installed an eddy covariance system over a coniferous and broad-leaved mixed forest in Jiuzhaigou Valley, which is a typical
subalpine valley in the transitional zone extending from the northeastern margin of the Qinghai-Tibet Plateau to the Sichuan
Basin. The turbulent energy fluxes and available energy over this forest were continuously measured for two years, from 2014
to 2015; the characteristics of energy balance were analyzed and energy balance closure was discussed. The results showed
that the diurnal and seasonal variations in energy balance terms were similar to those in net radiation. When the pre-growth
growth , and post-growth periods were compared, a 2—3 hour lag was observed in the peak time of each energy balance term
during the frozen-soil period. Moreover, the values of each term varied in different seasons. Sensible heat flux dominated the
energy terms in the pre-growth and frozen-soil periods, while available energy was mainly consumed by latent heat flux in

the growth and post-growth periods. In the growth period of 2014 and 2015, the ratio of latent heat flux to net radiation was
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0.69 and 0.75, respectively, and these values are dramatically higher than those in other parts of the Qinghai-Tibetan
Plateau. The energy budget was unbalanced in the two years, and the energy balance closure was 0.75 and 0.71,
respectively. These results are essential for a better understanding of the energy cycling mechanism and dynamics from the

plateau to the basin, as well as in the mountainous areas of the Tibetan Plateau.

Key Words: Transition zone between Qinghai-Tibet Plateau and Sichuan Basin; eddy covariance; energy balance; energy

balance closure
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Fig.1 Flow charts of eddy covariance data processing
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Fig.2 Daily variation of the energy component

LE; Latent heat;H: Sensible heat; R, : Net radiation; G :Soil heat
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Table 1 Summaries of net radiation, latent heat, sensible heat, soil heat flux, total precipitation for each period of 2014

4LV 1 H] None-frozen-soil period

— p P L

B 7 SN A a7

(3 1) (4H—9H) (10 A—11 /) S
Items P b veriod Cromth period P b veriod Frozen-soil period Annual

re-growth perio Trowth period ost-growth perio (Dec 1o Feb)

(March) (Apr to Sep) (Oct to Nov)
55T, Net radiation, R,/ ( W/m?) 91 125 72 52 95
WHGE A, Latent heat, LE/ (W/m?) 28 86 40 10 54
Y HGE | Sensible heat, H/ (W/m?) 30 23 17 11 20
+IEHGE R Soil heat, G/ (W/m?) 1 2 -3 -4 0
[&7K &, Total precipitation, P/mm 61 795 129 18 1003
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Fig.3 Daily mean values of net radiation (R,), soil heat flux (), latent heat flux (LE) and sensible heat flux (H) for the study site
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Table 2 Summaries of energy partitioning for the growth period and whole year of 2014 and 2015

P e ThHE i P e HE
v Net radiation Latent heat , Sensible heat Soil heat LE/R, H/R,

car R,/ (W/m?) LE/ (W/m?) H/(W/m?) 6/ (W/m?)
2014 £4F Whole year 95 54 20 0 0.57 0.21
K ZE Growth period 125 86 23 2 0.69 0.18
2015 24F Whole year 98 59 19 -2 0.60 0.20
H K ZE Growth period 121 91 23 -1 0.75 0.19

2.3 RERMIA T
Wilson 253 3 43 4Bk w8 W FLUXNET 3 5 B 12 147 1 A1 5 bR 50, & 030 o 00 00 v 32558 A7 7F 10%—
30% AN 0 L AR SO JLZE 1 LR W TR S PRIV B 02 DAL A BE AT 1 40T, K6 308 AR 7 A5 19 i 7 i
W (LE + H) MM AR (R, - G) Mkt RIAgeT ), e R A A RO R B AR S, 4
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Fig.4 Analysis on energy balance closure of EC measurement in 2014 and 2015(n=364)

AT P i I RE AN AT A R IR AT REAT < (1) PGl B A R 3 cm A0 & THUR 3 em #RJTHY
R GE G T2 TR DL AR o ARSI FORA T A RE R TS A R FIE 0—5 em LR IR

T 5 2 W S 2 A A A B I8 BE AT DG 2R e AR B % K B S R AIRA , K238 A 189% M REREBIR DT, (2) 2 T HH
PR VETHAR R RE R, AE DO R A AR A Dy B EERE ORI, H{E N 2—3 W/m® R4S

http ; //www.ecologica.cn



8 S % 38 &

FEAE N Bl 2 AT (B RO, (3) AR OC R G i B30 20K T S i 8y — HL 3P 31
DLk G AR K- FIEE BT ) I I, T U8 L XA O 3, M BE U 2272 | AN BE 20 s BRpk N ¥ 2 i sl Y
SRS NI S I A T LD AR AR A 3 FR G, 0 HLRE T 43 A 14 B 5 3 U2 X R e R P R
33%—1%"" Wi TS DTS4 R 10%—30% . (4) AN 3 Y IR 22 , 4% 43 W A 7 vk A7 A8 2 ) IORE R
2219 (5) R ARURVIER AR it U 308 o (A3 2 S A e A VR A e R G I R R 5% 109%

3 &g

ABFFEHET 2014 4E 5 2015 4EPHAE I8 BEAHSC R GEWLIEE | 704 1 JLZ€ 0 S AL TR S AR BE i S &
Oy R HASE (FARARRRE I b TIRE R A . SRR

(1) JUZE M ML TR BT R SR BE P 1 45 0 i H AR Ak 5 e Al 2 12 B e ) — e 2k, 55 v B A 1 8
b FEAEATR] A | U SIS 5] 0 50— B, R SO U B A [ S

(2) A& Z= A5 2 d Pl 1 B e T2 S 0 T 2 2 ARk U LA PR 00 2, 4R U | G A
FUFR M 19 o 0 PR o R AR VARSI 1] AL A RSB ) DAL, P el A e B T3 o A

(3) DU P AR [R5 X A K 2 LE/R, 4350170 0.69 0,75 , 1o T i oy Jit 55 b 9 S (U 5, D PRI i
DX ZE AU T B2 DX A S8R P42 T T AN 32 PR K 43 g s T A v rr) v il o o L AT B2 AR PR 5 2ol
ZRIBA R S E

(4) W5 DI AR B WL P BE PRAE 43 310 0 0.75.0.71 , 3R Z A AE RE 5 AN A 45, 3X S AHOGIF SR 45 21— 2L
IR DX Jel i 500 LT 5

5% 3L HK ( References)

[ 1] Betts AK, Ball J] H, Viterbo P. Basin-scale surface water and energy budgets for the Mississippi from the ECMWF reanalysis. Journal of
Geophysical Research, 1999, 104(D16) : 19293-19306.

[ 2] Zhang Y S, Ohata T, Kadota T. Land-surface hydrological processes in the permafrost region of the eastern Tibetan Plateau. Journal of Hydrology,
2003, 283(1/4) : 41-56.

[ 3] Tanaka K, Ishikawa H, Hayashi T, Tamagawa I, Ma Y M. Surface energy budget at Amdo on the Tibetan Plateau using GAME/Tibet I0P98 data.
Journal of the Meteorological Society of Japan. Ser. II, 2001, 79(1) : 505-517.

[4] ZhangSY, Li XY, MaY]J, Zhao G Q, Li L, Chen J, Jiang Z Y, Huang Y M. Interannual and seasonal variability in evapotranspiration and
energy partitioning over the alpine riparian shrub Myricaria squamosa Desv. on Qinghai-Tibet Plateau. Cold Regions Science and Technology, 2014,
102 8-20.

[ 5] TR T R LA DO 2 SGAHIE SR it PGS [ D). dest: shERFEBERY:, 2011

[ 6] TRiFtl, T8y, BRRE, B0, WEARRESR LR TRAER R S0 5 R 2 I EHMOCRHE. TR, 2014, 40(10) : 1165-1173.

[ 7] THREEH, MR, TR, 7580 JE BE 8 A1 K 96 283K 56 BF 55 ——GAME/Tibet 5 CAMP/Tibet #f 5T J&. w5 JE <4, 2006, 25(2):
344-351.

[8] HuZM, YuGR, Zhou YL, Sun XM, Li Y N, Shi P L, Wang Y F, Song X, Zheng Z M, Zhang L, Li S G. Partitioning of evapotranspiration

and its controls in four grassland ecosystems: Application of a two-source model. Agricultural and Forest Meteorology, 2009, 149(9) : 1410-1420.

[9] LiuS,LiSG, YuGR, Sun XM, Zhang L. M, Hu Z M, Li Y N, Zhang X Z. Surface energy exchanges above two grassland ecosystems on the
Qinghai-Tibetan Plateau. Biogeosciences Discussions, 2009, 6(5) : 9161-9192.

[10] GuS, Tang Y H, Cui X Y, Kato T, Du M Y, Li Y N, Zhao X Q. Energy exchange between the atmosphere and a meadow ecosystem on the
Qinghai-Tibetan Plateau. Agricultural and Forest Meteorology, 2005, 129(3/4) : 175-185.

[11] B, Acbibe, BT, N, 2. TG00 R I ARMO ZE RO AT 7. dbatboll R4l 2003, 25(1) « 23-27.

[12] LinY, Wang G X, Guo J Y, Sun X Y. Quantifying evapotranspiration and its components in a coniferous subalpine forest in Southwest China.
Hydrological Processes, 2012, 26(20) : 3032-3040.

[13] Zhu GF, LuL, SuY H, Wang X F, Cui X, Ma J Z, He J H, Zhang K, Li C B. Energy flux partitioning and evapotranspiration in a sub-alpine
spruce forest ecosystem. Hydrological Processes, 2014, 28(19), 5093-5104.

[14]  BREEBL. MR R AR o RO S R AE RIS D], Miat: MRl R LR, 2011

http ; //www.ecologica.cn



224 AU I TR SR RE R A 9

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37

[38

[39

[40
(41

BREENL, IRAEIE, PhNGTAE. 35 R0R IR R B AR RO s R AR RIS S M. KRR, 2012, 70(4) : 837-846.

Min W B, Li Y Q, Xu X D, Zhao X B. Comparative analysis of satellite remotely-sensed surface energy flux and ground-based observation in the
Sichuan Basin. Journal of the Meteorological Society of Japan. Ser. 1I, 2012, 90C; 203-213.

BV, 2R, SR, WA, BRI, BRIGESR. 350 IO 5 0 )1 3 R DX AR S R AR P APRFAE. UR)NVR 1, 2012, 34(6)
1328-1335.

Yao J M, Zhao L, Gu L L, Qiao Y P, Jiao K Q. The surface energy budget in the permafrost region of the Tibetan Plateau. Atmospheric Research,
2011, 102(4) . 394-407.

HORE, BB, 2, BRI TR SR M R 2 AR R L X RE RS A At Y FE TR AR AR AE. YKL, 2011, 33(5) : 1033-1039.
WA R RO R L AR R T MR RIS [ D], 20 T ERRE B X R XRS5 TRBTSET, 2009.

Bossard C C, Cao Y T, Wang J Y, Rose A, Tang Y. New patterns of establishment and growth of Picea, Abies and Betula tree species in subalpine
forest gaps of Jiuzhaigou National Nature Reserve, Sichuan, southwestern China in a changing environment. Forest Ecology and Management, 2015,
356 84-92.

Swinbank W C. The measurement of vertical transfer of heat and water vapor by eddies in the lower atmosphere. Journal of Meteorology, 1951, 8
(3): 135-145.

Stoy P C, Katul G G, Siqueira M B S, Juang J Y, Novick K A, McCarthy H R, Oishi A C, Uebelherr ] M, Kim H S, Oren R. Separating the
effects of climate and vegetation on evapotranspiration along a successional chronosequence in the southeastern US. Global Change Biology, 2006,
12(11) ; 2115-2135.

Wilson K B, Baldocchi D D. Seasonal and interannual variability of energy fluxes over a broadleaved temperate deciduous forest in North America.
Agricultural and Forest Meteorology, 2000, 100(1): 1-18.

Priestley C H B, Taylor R J. On the assessment of surface heat flux and evaporation using large-scale parameters. Monthly Weather Review, 1972,
100(2) ; 81-92.

EREE, SEEA. K SHE: RiZERR PR R R R, JUnt. Rlasdibit, 2014,

Gu J J, Smith E A, Merritt J D. Testing energy balance closure with GOES-retrieved net radiation and in situ measured eddy correlation fluxes in
BOREAS. Journal of Geophysical Research, 1999, 104(D22) . 27881-27893.

Shi T T, Guan D X, Wang A Z, Wu ] B, Jin C J, Han S J. Comparison of three models to estimate evapotranspiration for a temperate mixed forest.
Hydrological Processes, 2008, 22(17) : 3431-3443.

WuJ B, Guan D X, Han S J, Shi T T, Jin C J, Pei T I, Yu G R. Energy budget above a temperate mixed forest in northeastern China.
Hydrological Processes, 2007, 21(18) : 2425-2434.

Wu J B, Jing Y L, Guan D X, Yang H, Niu L H, Wang A Z, Yuan F H, Jin C J. Controls of evapotranspiration during the short dry season in a
temperate mixed forest in Northeast China. Ecohydrology, 2013, 6(5) . 775-782.

Yan C H, Zhao W L, Wang Y, Yang Q X, Zhang Q T, Qiu G Y. Effects of forest evapotranspiration on soil water budget and energy flux
partitioning in a subalpine valley of China. Agricultural and Forest Meteorology, 2017, 246 207-217.

Budyko M I. The heat balance of the Earth’s surface. Soviet Geography, 1961, 2(4) . 3-13.

Zhang L, Dawes W R, Walker G R. Response of mean annual evapotranspiration to vegetation changes at catchment scale. Water Resources
Research, 2001, 37(3): 701-708.

Komatsu H, Maita E, Otsuki K. A model to estimate annual forest evapotranspiration in Japan from mean annual temperature. Journal of Hydrology,
2008, 348(3/4) : 330-340.

Gu L L, Yao J M, HuZ Y, Zhao L. Comparison of the surface energy budget between regions of seasonally frozen ground and permafrost on the
Tibetan Plateau. Atmospheric Research, 2015, 153 553-564.

Wilson K, Goldstein A, Falge E, Aubinet M, Baldocchi D, Berbigier P, Bernhofer C, Ceulemans R, Dolman H, Field C, Grelle A, Ibrom A,
Law B E, Kowalski A, Meyers T, Moncrieff ], Monson R, Oechel W, Tenhunen J, Valentini R, Verma S. Energy balance closure at FLUXNET
sites. Agricultural and Forest Meteorology, 2002, 113(1/4) . 223-243.

AR, FIREE, B0, A, BT FORAR KA HE S5 S HEE A A T, RS SR, 2007, 31(6) : 1132-1144.

Belcher S E, Finnigan J J, Harman I N. Flows through forest canopies in complex terrain. Ecological Applications, 2008, 18(6) : 1436-1453.
EFM, AR, F0, AR, T 5. Ml RS A S R G RT3, Pl AR, 2007, 23(6) : 643-651.

XVWE, 23R, Tum, [Al/NHE, BREHPT. 09 AR SO A BE b P2 DRI B X A FHZE BIGI 7 i3 AR 3827l , 2012, 32(17) : 5309-5317.
Moore C J. Frequency response corrections for eddy correlation systems. Boundary-Layer Meteorology, 1986, 37(1/2) . 17-35.

http ; //www.ecologica.cn



