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A study on the characteristics and driving mechanism of carbon

exchange between the Zoige alpine wetland and atmosphere

CHEN Yixuan, WEN Jun, TU Zhenwu, YAN Jin
(Plateau Atmosphere and Environment Key Laboratory of Sichuan Province, School of Atmospheric Sciences,
Chengdu University of Information Technology, Chengdu 610225, Sichuan, China)
Abstract: In the context of global warming, the carbon process of alpine wetland ecosystems is
complex and sensitive. However, the long-term dynamics and driving mechanisms of carbon
balance in alpine wetland ecosystems are still unclear. In this study, the carbon dioxide (COz) flux
measured by eddy covariance technique is used to analyze the CO; exchange flux of the Zoige
alpine wetland from 2017 to 2021, as well as the dynamics and driving mechanisms of CO»
exchange flux. The results showed that during the vegetation growing season (June - October), the
annual gross primary productivity (Gross Primary Productivity, GPP) and ecosystem respiration
(Ecosystem espiration, Re) of the ecosystem showed an unimodal pattern, while the annual net
ecosystem CO» exchange (Net Ecosystem Exchange, NEE) of the ecosystem showed a V-shaped trend.
The Zoige alpine wetland ecosystem is a carbon sink during the growing season, which is a carbon
exchange process between land and air that absorbs more than releases. The daily average NEE,
GPP, and Re over the years reached -3.10 £ 4.61, 4.78 = 5.61, and 1.65 £ 1.56 umol(m? * s),
respectively. On the monthly scale, the effects of air temperature (Air Temperature, Ta), soil
temperature (Soil Temperature, Ts), photosynthetic photon flux density (Photosynthetic Photon Flux
Density, PPFD), precipitation (Precipitation, PPT), air relative humidity (Air Relative Humidity, RH) and
vapor pressure deficit (Vapor Pressure Deficit, VPD) on NEE, GPP and Re were analyzed by the
regression analysis. The results showed that Ta, Ts and PPT were the main determinants of
monthly NEE changes, and NEE was negatively correlated with them. Ts and Ta largely
determined the monthly variation of GPP, which is positively correlated with it. Ts ,Ta and PPT
are the main determinants of monthly Re variation, and Re is positively correlated with them. The
Classification and Regression Tree (Classification and Regression Tree, CART) algorithm was used to
analyze the effects of various factors on carbon exchange flux in the daily scale. The results
showed that soil temperature had a great influence on daily GPP and Re, and temperature is the

main controlling factor for daily NEE. The results of this study provide important data and



reference for understanding the carbon budget of alpine wetland ecosystems.

Key Words: alpine wetland, exchange, carbon exchange flux, drive

1 3|5

Wit A2 S R E N BR R E A 5y, e R BRBRAEH %0, HAFE A 14 A 18
A HUTALE A IR 2 S B 2 N KSR PE ) =% (Houghton, 2014) o [Fifi- <A #icd F2 2 52
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Fig.1 The geographical location and topographic map of the Zoige alpine wetland (the shadow
area in the figure is the range of the Zoige alpine wetland)
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Fig.2 Interpolation of NEE flow chart using MDS algorithm
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Fig.4 Average annual variation of carbon exchange flux in Zoige wetland during 2017-2021
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0.90) , Ts. Ta Ml PPT & H & Re b E kg K&K, Re SENHRIEFARL (R>0.95) .
& SN )AL SV EP S i

Table 1 Correlation analysis of influencing factors of carbon exchange flux

Ta Ts RH VPD PPFD PPT
-0.848* -0.848* -0.645* -0.853* -0.606* -0.823*
GPP 0.901* 0.902* 0.715% 0.881* 0.658* 0.882%*
Re 0.958* 0.959%* 0.787* 0.887* 0.724* 0.952%*

E: 7 FoRikE] 0.05 BFEVEAKT.
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Fig.7 Daily carbon flux regression tree of environmental variables in alpine wetland (a) daily NEE
regression tree model and (b) daily GPP regression tree model and (c) Re daily regression tree
model (MEAN is the average value of carbon flux, SD is the standard deviation, N is the number,
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Table 2 Comparison of Carbon Flux Research in Alpine Wetlands by Various Scholars

AEWETE Hi X ] Y [l IS IWARES gk
bW & R AR A K Z ARIC, COLHE
i : R 2 |
Mfol‘“" T 1998;010 Co”“izmg R B IR 5 , GPP 5 NEE
’ 123 R 25 Ak 5 A2 K2R KA o6
. CO, Ik Bt IR 5 AR, e B 1E
i = N ‘%EE‘
Ruth et al. ""Eg é“ 89 A CO;;ST;W FSBHAIBR, 9 A CO, HbtRIE
"’ S et 5 2
. B . . B FEIRHLE YR, AR
HEE 2005 wanh o \
[ISEGTE ﬁf’j; f ;ﬁé /%EWJZ%ZEU : 230.16 gCOrm?, FEAEK TR
S - 546.18 gCO,-m
HiFWIE  2011-2013 . VRS 4RI, NEE 5
J S Z L B
Cao et al. - o TRAH e R Gl & GPP. Re 5558 [H 2 5 25 1 ¢



Adile of al IR 2019 FE4E ABHRALHE COiE APHE BN NEE, SARASREIY
e et al. . > [ > 2
1B K= vy 5 CO2 JLIhRE
. o WTLFI DR B hxiE &, WTL
EIREE . T R 0 Lo
Yan et al. Hy ELLPEE R RSN Re. NEP M GEP, DR
=AW 7
AR FHEm
. . GPP Al Re £ #1550, NEE & V
AL AR 6-10 H I I ﬂ%%~r;G;$;{ﬁﬁiE
N - N , IS A (S NS
FENEHD CART & >

Wi, Ta /& NEE [ & EE IR

4 EipHBEE

ARHFLA T T AR o SRR HE 2017-2021 4 (B3R AH VLIS 1) NEE (73840,  FRA]
NEE (#5573 751%, 4#3%] GPP Ml Re (M1, wIVARIIE, fE# /K m i8Rt ESRgd, £
KF (6-10 ) Z— AL, EIXBNA, HERRIBCKH I COox R mt TR #—
AT T IRAS Pl BAE A R A H R ISR R . AR

(1) 4iitth4 ) NEE, GPP, Re WI¥UfE, 4iREH, EAKSE (6-10 H) , FHES
RBRHIEF )1 (GPP) FIZE S R (Re) S HIERER, FIELS RS CO, 28 #: (NEE)
2V AR Gt ., 245 HF NEE. GPP fl Re 70 518 %]-3.10+4.61. 4.78+5.61 Fl 1.65
+1.56 umol/(m? * s).

(2) BHEREE (Ts) AR (Ta) FKAEZE (VPD) =& H FEmRAS il & AR i) 3 2
B, % NEE. GPP Al Re #BAA RER M. Hr, LIREE (Ts) XWAERRGIFHR
(Re) MIRZMIR AR .

(3) HRE B ER, HIERE (Ts) XH4EH GPP M Re FIZR LA B K,
MR (Ta) &% H NEE M3 IR R . ESLhrd, %0 5 T 3R & 2 Hh i i &
AR FAT B 23 3, AT DO OR3P R S S A B S, 0 9 I B U AR A AT 9 S
GEACTEE S

AR RA FE 0T DA — AR 2R A R i e 52 e & 1Y) HOAML PR 3R, DAASTHD 1 s SRR AR S R
Gl A el w (IR EALE] o R T BEAH IR R, AT A — 5 02 AR 1) 15 72 1) AL B2 5
B, DA e O A T A T S

S 3CHR:

Adile Y, Niu B, Chen Z G, et al. 2022. Effect of warming on the carbon flux of the alpine wetland on the
Qinghai-Tibet Plateau, Frontiers in Earth Science[J]. 10: 935641.

Aubinet M. 2008. Eddy covariance CO> flux measurements in nocturnal conditions: an analysis of the problem[J].
Ecological Applications, 18: 1368-1378.

ES ¥, A WIE 2,55, 2022, SRR HE L A | BHD AR S RGO B AR RHE S KSR T A AT [T]. 2R
A SR A, 37(1): 94-107. Bai Xuejie, Wang Xufeng, Liu Xiaohui, et al. 2022. Dynamics and Driving



Factors of Carbon Fluxes in Wetland, Cropland and Grassland Ecosystems in Heihe River Basin[J]. Remote
Sensing Technology and Application, 37(1): 94-107.

Baldocchi D. 2003. Assessing the eddy covariance technique for evaluating carbon dioxide exchange rates of
ecosystems: past, present and future[J]. Global change biology, 9(4): 479-492.

Baldocchi D. 2020. How eddy covariance flux measurements have contributed to our understanding of global
change biology[J]. Global Change Biology, 26: 242-260.

Bayley G V, Hammersley J M. 1946. The "effective" number of independent observations in an autocorrelated
time series[J]. Journal of the Royal Statistical Society, 8(2): 184-197.

Cao S K, Cao G C, Feng Q, et al. 2017. Alpine wetland ecosystem carbon sink and its controls at the Qinghai
Lake[J]. Environmental Earth Sciences, 76: 210.

Chai X, Shi P L, Zong N, et al. 2017. Biophysical regulation of carbon flux in different rainfall regime in a
northern Tibetan alpine meadow[J]. Journal of Resources and Ecology,8(1):30-41.

Chayawat C, Satakhun D, Kasemsap P, et al. 2019. Environmental controls on net CO; exchange over a young
rubber plantation in Northeastern Thailand[J]. ScienceAsia, 45(1):50-59.

WRTHE S T 2230, A P BRG,55. 2020. I BEAR SR HOR S AR it A2 25 R GEE B AN I []. B AR,
44(4): 291-304. Chen Shiping, You Cuihai, Hu Zhongmin, et al. 2020. Eddy covariance technique and its
applications in flux observations of terrestrial ecosystems[J]. Chinese Journal of Plant Ecology, 44(4):
291-304.

Chimner R A, Cooper D J. 2003. Influence of water table levels on CO; emissions in a colorado subalpine fen:an in
situ microcosm study[J]. Soil Biology and Biochemistry, 35(3): 345-351.

JOAE IR 2020, bR X ML 2 R SRS RFAE 23 BT [J] B R 8F 92, 9(4): 205-214. Fan Demin. 2020.
Analysis of carbon budget characteristics of typical underlying surfaces in the Arctic region [J].
Geographical Science Research, 9(4): 205-214.

Ganjurjav H, Gao Q Z, Zhang W N, et al. 2015. Effects of warming on CO2 fluxes in an alpine meadow ecosystem
on the central Qinghai-Tibetan Plateau[J]. Plos One, 10(7): e0132044.

B, AR XA ZR. 2018, 2T CART SAR) R 2wl MO R A 2 5 ], B RHE, 38(4): 539-544.
Guan Yujie, Wang Wei, Liu Shoudong. 2018. Building and application of summer high temperature
prediction model based on CART algorithm[J]. Journal of the Meteorological Sciences, 38(4) : 539-544.

SRR, I 7K 55,55, 2018, #7/K R MR SRR B AL B AR A RFAE B R A AL e AT, v L < R
7%, 38(2): 49-57. Guo Bin, Wang Shan, Zhang Han, et al. 2018. Change Characteristics of Growth Period of
Natural Grass in Zoige Wetland and Its Response to Climate Change[J]. Plateau and Mountain Meteorology
Research, 2018, 38(2): 49-57.

PRSP AR AU A SRR 2022, AT L R B e EE VAR R AR KR CO2 38 B B A R BRAFAE X I 45 3R 5y
[J]. F}*-i@K, 67(2): 173-183. He Huidan, Li Hongqin, Fu Yiwen. 2022. Interannual characteristics and

driving mechanism of CO2 fluxes in alpine shrubland ecosystem during growing season at the southern foot
of Qilian Mountains[J]. Chinese Science Bulletin, 67(2): 173-183.

Houghton R A. 2014. The Contemporary Carbon Cycle[J]. Treatise on Geochemistry (Second Edition), 10:
399-435.

Kato T, Tang Y H, Gu S, et al. 2006. Temperature and biomass influences on interannual changes in CO; exchange
in an alpine meadow on the Qinghai-Tibetan Plateau[J]. Global Change Biology, 12(7): 1285-1298.

Lasslop G, Reichstein M, Papale D, et al. 2010. Separation of net ecosystem exchange into assimilation and
respiration using a light response curve approach: critical issues and global evaluation[J]. Global Change
Biology, Wiley Online Library, 16: 187-208.

R AR IMETT AR 2020, TR IR AL R KR COL ST HEEIR[)]. B 2R, 28(3): 750-758. Li



Chengyi, Li Xilai, Sun Huafang, et al. 2020. Drought Processes of Alpine Wetland and Their Influences on
CO; Exchange[J]. Acta Agrestia Sinica, 28(3): 750-758.

2 R, TR AR AR, RN 5. 2013, ARARARAL TS 5T Rl AR S R Gt B s B B R[)]. ARSI
2, 22(5): 873-878. Li Guodong, Zhang Junhua, Chen Cong, et al. 2013. Research progress on carbon
storage and flux in different terrestrial ecosystem in China under global climate change[J]. Ecology and
Environmental Sciences, 22(5): 873-878.

2SR, 2006. B PSR SR EL BT 9T ——ID3,C4.5,C5.0 SLEE M ELER )], HR R 244R, 4: 84-87. Li Qiang.
2006. A Comparative Study on Algorithms of Constructing Decision Trees——ID3,C4.5 and C5.0[J].
Journal of Gansu Sciences, 4: 84-87.

2R T BRI LA, BT B 55, 2020, I OT 75 78R e i v 8 B G WP A P OS2 D). ZE 2574, 40(1): 266-273. Li
Yan, Hasbagan Ganjurjav, Hu Guozheng, et al. 2020. Effects of warming on respiration in alpine meadow in
the Qinghai-Tibetan Plateau[J]. Chinese Journal ofApplied Ecology, 40(1): 266-273.

RGESC. 2020. Filidte 4 35 R G R 2 HfilivF S AR KO8 EAAU A AT FL——LL CEVSA #0941 [D].
22N R EE M 224718 3L, Liu Xiaowen. 2020. Parameter Estimation of Terrestrial Ecosystem Process Model
and its Application in Carbon and Water Fluxes Simulation—the CEVSA Model as an Example[D]. Lanzhou
University, Chinese Academy of Sciences.

Lloyd J, Taylor J A. 1994. On the temperature dependence of soil respiration[J]. Functional Ecology, 8(3):
315-323.

Wi 7, SO TR B8 2020, 77 /1% ik e FE ML - R ) 7K BASE it VL 308 ) 1 ARG RHE 7047 []. <
%:,39(4):719-728. Lu Xuancheng, Wen Jun, Tian Hui, et al. 2020. Analysis of the Turbulent Fluxes of Water
& Heat Exchange between the Zoige Alpine Wetland and Atmosphere[J].  Plateau Meteorology, 39(4):
719-728.

BRATHE.2007 2 T iR H 10 2 MUENEZRAR (R SCBURID]. 18122 B 244k, 22(2): 91-95. Lu Hongmei. 2007.
Review of Classification Algorithn based on Decision Tree[J]. Journal of Suzhou College, 22(2): 91-95.

Luo CY, Zhu X X, Wang S P, et al. 2015. Ecosystem carbon exchange under different land use on the
qinghai-Tibetan plateau[J]. Photosynthetica,53(4):527-536.

Martin K, Naomi A. 2017. Classification and regression trees[J]. Nature Methods, 14: 757-758.

Masahito U, Hiroki I, Yoshinobu H, et al. 2013. Growing season and spatial variations of carbon fluxes of Arctic
and boreal ecosystems in Alaska (USA)[J]. Ecological Applications, 23(8): 1798-1816.

Papale D, Reichstein M, Aubinet M, et al. 2006. Towards a standardized processing of Net Ecosystem Exchange
measured with eddy covariance technique: Algorithms and uncertainty estimation[J]. Biogeosciences, 3(4):
571-583.

FHE FL ANPGRS, 2015, /K 7 e FE FE b Ao AR ol B K AR A RFAELD]. B 5B AE 244, 21(5):
954-959. Ran Qifan, Sun Geng, Liu Lin, et al. 2015. Changes in carbon flfl uxes during the desertififi cation
process of alpine grasslands on the Zoige Plateau[J]. Chinese Journal of Applied & Environmental Biology,
21(5): 954-959.

Reichstein M, Falge E, Baldocchi D, et al. 2005. On the Separation of Net Ecosystem Exchange into Assimilation
and Ecosystem Respiration: Review and Improved Algorithm[J]. Global Change Biology, 11(9): 1424-1439.

Reichstein M, Falge E, Baldocchi D, et al. 2005. On the separation of net ecosystem exchange into assimilation
and ecosystem respiration: review and improved algorithm[J]. Global Change Biology, 11: 1424-1439.

Ruth H, Simrita C, Marc F, et al. 2017. Diurnal Patterns of Greenhouse Gas Fluxes in a Swiss Alpine Fen[J].
Wetlands, 37: 193-204.

Shen M G, Piao S L, Jeong S J, et al. 2015. Evaporative cooling over the Tibetan Plateau induced by vegetation
growth[J]. Proceedings of the National Academy of Sciences, 112(30): 9299-9304.



PN ZRIE, X2 B A8 2022, Noah-MP il R 3G iy 78 B4 A K Z R A B AU PP A AN S (0], P LR
2 f@,ﬂ?ﬂ%, 52(4): 679-696. Sun Shuang, Zheng Donghai, Liu Shaomin, et al. 2022. Assessment and
improvement of Noah-MP for simulating water and heat exchange over alpine grassland in growing
season[J]. Scinence China Earth Sciences, 52(4): 679-696.

EFE TR T B AL AR 2020, LA 2] SRR S AH O B S Al R A AT AT B, 39(6):
1348-1360. Wang Shaoying, Zhang Yu, Meng Xianhong, et al. 2020. Fill the Gaps of Eddy Covariance
Fluxes Using Machine Learning Algorithms[J]. Plateau Meteorology, 39(6): 1348-1360.

T SO R, 5. 2010, R IR U RAE Sl B AR T [I]. AERUR SR B ARBLAAR, 46(6):
965-971. Wang Xue, Cai Xuhu, Kang Ling, et al. 2010. Assessment of Turbulence State and Analysis of Flux
Footprint over Complex Terrain[J]. Acta Scientiarum Naturalium Universitatis Pekinensis, 46(6): 965-971.
X%, RAE T FMBE R, AE. 2007, < 1 LD RA MR S AR S R[], MNP AR 2SS4, 18(5):
953-958. Wu Jiabing, Guan Dexin, Sun Xiaomin. 2007. CO; turbulent exchange in a broadleaved Korean
pine forest in Changbai Mountains[J]. Chinese Journal of Applied Ecology, 18(5): 953-958.

WIE M, EHOYE. 2008, YRR EVELER[I]. B ST, 11: 83-85. Xie Jinmei, Wang Yanni. 2008. Review of
Decision Tree Algorithms[J]. Software Guide,, 11: 83-85.

IRIEAE 20 2 A HT0e, 55, 2020, 34 TR @R RO R AL st v L AR AR AL 25 R GEREI X 23 (0], S AR S 244K,
31(6): 1844-1850. Xu Xiaowu, Li Hanzhi, Yu Xinxiao, et al. 2020. Partitioning ecosystem respiration of a
Platycladus orientalis forest in the west mountainous area of Beijing, China using stable carbon
isotope[J]. Chinese Journal of Applied Ecology, 31(6): 1844-1850.

Yan L, Li Y, Zhang X D, et al. 2023. Carbon fluxes of alpine peatlands were jointly affected by water table level
changes and the duration[J]. Journal of Soils and Sediments, 23: 3776-3786.

B AR RS2 2R e e S8, 2022, v ] A 28 55 XK IR ik ) 00 B FEAE ARt Fe e R (D). R AR S22
2, 33(8): 2271-2278. Yi Shuhua,Chen Shiping , Li Yingnian, et al. 2022. Collaborative monitoring network
of ecologically fragile areas in China and its application in carryingcapacity research[J]. Chinese Journal of
Applied Ecology, 33(8): 2271-2278.

RPN R e AR A 2020, Bl 6 E SEURZIE GF 2 MO M) dE50: UL H AR AL, Yuan Hanning,
Wang Shuliang, Jin Fusheng, et al. 2020. Data Warehouse and Data Mining (2nd Edition)[M]. Beijing: China
Machine Press.

ZhaoL, LiJ, Xu S X, et al. 2010. Seasonal variations in carbon dioxide exchange in an alpine wetland meadow on
the gqinghai-Tibetan plateau[J]. Biogeosciences,7(4):1207-1221.

Zhang F W, Liu AH, Li Y N, et al. 2008. CO; flux in alpine wetland ecosystem on the Qinghai-Tibetan Plateau,
China[J]. Acta Ecologica Sinica, 28(2): 453-462.

TR LA AT 2. 2022, FET PRI ) BT W] RS 2 S S TN, R E kR, 11(1): 370-380. Zhang
Jinming, Lixufang, Fandi. 2022. Risk Classification and Forecast of Listed Companies Based on Decision
Tree[J]. Advances in Applied Mathematics, 11(1): 370-380.

5KHE, 2% 7. 2009 R F 1L KRG A B (NEE) [N 2 AR AR BT 0] 22 BURML AR, 37(7): 3108-3140.
Zhang Jing, Li Li. 2009. Study on the spatiotemporal variation characteristics of net ecosystem carbon
exchange (NEE) in China [J]. Anhui Agricultural Science, 37(7): 3108-3140.

Zhou T, Zhang W. 2021. Anthropogenic warming of Tibetan Plateau and constrained future projection[J].
Environmental Research Letters, 16(4): 044039.

ZhuJ H, Li H Q, He H D. 2022. Interannual characteristics and driving mechanism of CO» fluxes during the
growing season in an alpine wetland ecosystem at the southern foot of the Qilian Mountains[J]. Frontiers in
plant science, 13: 1013812.

RESFY BN, T, 5. 2013, FIAICN B AEZS R GE COL 1 ARSI LI I FERRIR D). FEHb AR, 21(1):



3-10. Zhu Lingling, Rong Yuping, Wang Weiguang, et al. 2013. Effects of Grazing on the Net Ecosystem
Exchange of Carbon Dioxide in Grassland Ecosystems (Research Review)[J]. Acta Agrestia  Sinica, 21(1):
3-10.

WU, PP AR 205,46, 2021, A 3% L R B S HE A GPP AR AL RFAIE BR AR KRR 1M RE[T]. B2,
38(2): 221-230. Zhu Jingbin, He Huidan, Li Hongqin, et al. 2021.
Effect of growing season degree days on gross
primary productivity and its variation characteristics in alpine shrubland at the southern foot of Qilian mount
ains[J]. Pratacultural Science, 38(2): 221-230.

Zieba Andrzej, Ramza Piotr. 2011. Standard Deviation of the Mean of Autocorrelated Observations Estimated with
the Use of the Autocorrelation Function Estimated From the Data[J]. Metrology and Measurement Systems,

18(4): 529-542.



	若尔盖高寒湿地-大气间碳交换特征及驱动机制研究
	图2 运用MDS算法插补NEE流程图（Rg为向下短波辐射（Global Radiation））
	图3 2017-2021年期间使用MDS插值的每日NEE不确定性（绿色实线代表NEE的值，灰色阴影代
	图4 2017-2021年期间若尔盖湿地碳交换通量平均年变化
	图5 2017-2021年期间若尔盖湿地碳交换通量半小时变化的平均年分布图（红色实线代表每日NEE的
	图6 2017-2021年期间若尔盖湿地碳通量的平均年变化 （a）NEE的年均变化和（b）GPP的年
	表1 碳交换通量的影响因素相关性分析
	表2 不同研究关于高寒湿地碳通量结果的比较

