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Assessing the spatial representativeness of eddy covariance flux observation
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Abstract: Eddy covariance (EC) technique is the most direct way to measure the exchanges of carbon dioxide ( CO,),
water vapor,and energy flux between terrestrial ecosystems and atmosphere, which can be used to explore CO, exchanges
between terrestrial ecosystems and atmosphere and its controlling mechanism. In this paper, we used the multivariate
geographic clustering approach to generate flux-ecoregions with different clustering number ( 25,50,75,85,100, 150,200
clusters) in China based on 11 variables affecting carbon flux, including meteorological factor, soil factor, abiotic factor of
topography, actual vegetation ( Leaf area index (LAI) and Enhanced vegetation index (EVI) ) and vegetation productivity
variables ( Gross primary productivity, GPP). Based on the spatial distribution pattern of the existing flux observation
stations in China and the comparative analysis between newly generated flux ecoregions and the existing geographical
regionalization, the results showed that the existing 85 eddy covariance flux observation stations in China cannot reflect the

spatial and temporal characteristics of carbon flux of all ecosystems because of the country’s complex topography and the
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diverse ecosystem types. It is also recommended that the number of the flux-ecoregions be 100—150. Considering the
building and operating costs of the flux towers, the number of eddy flux tower stations can be added to 150 sites. Thus,the
optimized flux network is supposed to represent major ecosystems and facilitate the integration of flux and remote sensing
data , consequently, improve the accuracy of upscaling CO, and water vapor flux observations from tower to regional scales to

better exam the simulation result of the process based ecosystem model.
Key Words: eddy covariance carbon flux; ecoregion; multivariate geographic clustering; spatial clustering
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Fig. 1 11 standardized clustering layers
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Table 1 Correlation matrix of 11 input layers

TEM PRE RAD SUN DEM SOC STN LAI EVI PAR GPP
TEM 1.00
PRE 0.65 1.00
RAD -0.55 -0.70 1.00
SUN -0.67 -0.87 0.88 1.00
DEM -0.72 -0.38 0.63 0.44 1.00
S0C -0.17 0.21 -0.29 -0.19 0.04 1.00
STN -0.10 0.29 -0.35 -0.27 0.00 0.94 1.00
LAI 0.41 0.70 -0.69 -0.68 -0.44 0.37 0.43 1.00
EVI 0.58 0.81 -0.74 -0.78 -0.51 0.34 0.42 0.85 1.00
PAR -0.01 0.17 0.30 -0.08 0.65 -0.05 -0.02 -0.13 -0.05 1.00
GPP 0.52 0.79 -0.64 -0.72 -0.38 0.19 0.26 0.71 0.72 0.04 1.00

TEM ; 4E ¥ temperature , PRE ; 4F S [# /K & precipitation, RAD : 4F 5 K PH#E 4 radiation, SUN : 4534 H BBHF %X sunshine hours, DEM ; /=2 Digital
elevation model , SOC ;: T 3EA HLEK & it Soil organic carbon,STN; +-3E4 A & & Soil total nitrogen, LAT; M1 F1F5 %X Leaf area index, EVI; 3 5 7 A% 4
FE4U Enhanced vegetation index, PAR ;: Y& A Z4@ T Photosynthetic active radiation, GPP ; B8] 2427 F1 Gross primary productivity
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Table 2 Eigen values, principal component contribution rate and cumulative contribution rate

FEnir FHIEE TTHRAS/ % ST TR/ %
Principal component Eigen values Contribution rate Cumulative contribution rate
1 0.09696 63.82 63.82
2 0.02104 13.85 77.67
3 0.01369 9.01 86.68
4 0.00763 5.02 91.71
5 0.00438 2.88 94.59
6 0.00365 2.40 96.99
7 0.00222 1.46 98.45
8 0.00137 0.90 99.35
9 0.00056 0.37 99.72
10 0.00024 0.16 99.88
11 0.00018 0.12 100
DA

k=
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R (%)= ——— x 100, R HHE (%)= 1 x 100
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Fig.2 Diagram of multivariate geographic clustering approach
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Fig.3 Ecosystem types of eddy flux tower stations of terrestrial

ecosystems in China
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Fig.4 Flux-ecoregions based on different number of clusters
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S A J/IME B2 R M 2 e 25 TR P S LB 22 045/ M A B0
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Table 3 Areas of different flux-ecoregions

A A A5 X T AR 25 %% 50 % 75 %% 85 % 100 %% 150 2% 200 2
Areas of flux-ecoregions 25 clusters 50 clusters 75 clusters 85 clusters 100 clusters 150 clusters 200 clusters
SR Mean/ (x10"" m?) 3.80 1.90 1.26 1.12 0.94 0.64 0.48

5 KA Maximum/ (x10" m?) 8.71 4.99 3.95 3.88 3.38 1.95 1.75

e /ME Minimum/ (X 10" m?) 0.65 0.18 0.15 0.14 0.14 0.05 0.04
2% Range/ ( x10" m?) 8.06 4.81 3.80 3.74 3.24 1.90 1.71
FrifE22 Standard deviation/ ( X10"" m?) 2.02 1.07 0.68 0.64 0.51 0.35 0.27
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Fig.5 85 clusters of flux-ecoregion regionalization
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R4 AEARXHEEESXANHAEHIBEZHER
Table 4 The covering of existing sites in different flux-ecoregions

25 X 50 X 75 X 85 IX. 100 IX. 150 X 200 [X.
25 clusters 50 clusters 75 clusters 85 clusters 100 clusters 150 clusters 200 clusters

SR AR /A

Number of flux-ecoregions containing 24 34 46 51 55 62 62
flux stations

AR AR XA

Number of flux-ecoregions containing 3 11 23 31 38 46 46
only one flux station

2 A A AR XA
Number of flux-ecoregions containing 2 8 10 14 12 9 12 13

flux stations

3SR/ A

Number of flux-ecoregions containing 3 4 6 6 6 5 3 0
flux stations

AR ARSI

Number of flux-ecoregions containing 4 2 3 1 0 2 0 1
flux stations

5 AR A R AR TS XA

Number of flux-ecoregions containing 7 4 2 2 1 1 1
more than 5 flux stations

HEBRE IR %
io of flux-ecoregions containi
Ratio of flux-ecoregions containing 96.0 68.0 61.3 60.0 55.0 413 31.0

existing flux towers to all
flux-ecoregions

E AR E SR %
f f flux-ccoregi
Ratio of areas of flux-ecoregions 98.0 67.3 60.0 63.2 53.9 435 31.9

containing existing flux towers to

national area

RS DB S 2GR 90% 5 3 A B
A

Number of adding stations to reach up
the ratio of flux-ecoregions containing
existing flux towers to all flux-

ecoregions to 90%

TRV 265 563 909% T 48 sl 280/ A

Number of adding stations to reach up

the ratio of areas of flux-ecoregions 0 8 16 25 21 55 93
containing existing flux towers to

national area to 90%

A 5 DX = AR B T WL 3 1) £ 28 DA 0 DA (RISR S 1oy L) ] o AU 2 25 BV e e LN s 3 194 2 285 DX T AR
o7 4 [ ] - T AR L 451
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(1 6), MKl 6 H kI, 4 55 4 [ SR HFE X R A 28 X P 18 AN A 248 X fie = 5 12 W00l o5, AR vh e v
ekt 2 5 DX P S A VR b X7 e D T R DX R e SR T R X, XA R,
FE 18 At = 30 LI 2l 57 ) A4 285 DX S 385 o 3 A, U BB A ) 1 0 4 (e AR Mk O VE FH . AR i A 3 o X
b lljj,m 55 H R b PR XK AR S X ) T, B BAE 37 A3 A s I A AR s B X R AR S X 13 A
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Fig.6 Spatial distribution of eddy flux tower stations in geographical regionalization
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Attached table 1 Information of eddy flux tower stations of terrestrial ecosystems in China
i ZE BRGEXE g 15 3 BRGK
’ (°N) (°E) types ’ (°N) (°E) types
AR DR i 49.33 119.93 il Kb Ll 27.4 114.38 TR
B AR 44.13 116.33 L KHlu 41.83 127.88 FUSN
Bybis Rl 43.55 116.68 i TR 26.74 115.06 PO
By 37.88 102.15 it R 24.53 101.02 FUSN
sty 37.67 101.33 i S L 23.17 112.53 FUN
EYiian 30.5 91.07 it PUXUR A 21.96 101.2 FUSN
2l 38.04 100.46 i M 3k 19.55 109.48 FUSN
BRUg vk 28.21 86.56 L0 Pl 33.4 113.8 FIN
gtz 35.72 94.82 i BRBRDC E AR el i 40.03 116.39 FUZN
SR 33.07 91.93 i K2l 39.62 116.43 FoN
B0 RGp 34.85 92.94 i wul 40.63 117.32 FUSN
Rk 31.37 91.9 i B 29.52 112.85 AR
B 44.12 87.1 i PR 30.5 117.03 FUSN
PRI 30.7 103.83 i INIRJEE 35.02 112.47 AR
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Ty %E %E ARG B %E %E HERRGHRN
Site name Latitude Longitude Ecosystem Site name Latitude Longitude Ecosystem

(°N) (°E) types (°N) (°E) types
S 30 100.27 £ X PR i 29.6 94.6 FUSN
Hir bk 35.95 104.13 i pidmbi 38.53 100.25 FON
I e 39.35 100.13 FRHE LAY 23.92 117.45 AR
JE A AT 40.38 108.55 FEBRE T 30.46 119.68 FON
B 35.22 93.1 TR I 30.23 119.7 AR
Ryl 44.09 113.57 FEERR ML 35.77 104.05 FON
KA 39.09 100.28 FEWRE K= 32.12 119.2 FUSiN
P& el 38.97 83.65 TR o[l 26.83 109.75 FON
BT 21.52 111.36 FERRR F RS 335 111.98 FEMK
B 41.82 121.2 AR H QU 18.52 108.7 FON
2RI 37.88 114.68 A ZE vl 33.49 109.48 FonN
A Ik 36.83 116.57 A H SR 30.82 110.98 PN
Be I 28.92 111.5 AR H AR L3y 38.84 99.62 FON
18 PR 3k 34.64 112.48 A H T 20.27 110.19 FUN
P 3l 37.34 116.49 g VKA L1 42.4 124.96 FonN
JBR 5y i 39.6 116.58 A% H XA 1Lk 32.05 114.1 FUN
TR Ok 40.33 115.5 AR G 22 Lk 24.58 121.42 TR
Z Ak 42.53 116.23 A Bkl 23.67 120.8 PN
RN 30.77 90.99 A H AL - - FON
U IE 36.86 109.32 A AR 1L 24.07 121.13 FUN
jStwi] 35.2 107.74 AR H FEAE 23.53 120.55 FON
AT 44.57 122.88 A R 40.92 122.33 T
ZRk, 38.86 100.41 A SEWARME S 1 31.52 121.85 T b
F7 Lk 32.51 116.77 A S AR 2 31.58 121.8 T
KB 25.7 100.18 A SEW AR 3 31.52 121.87 T b
JE PG 35.56 104.59 A Eh kb 33.6 120.56 T b
Il 51.67 123.17 FON =T 47.58 133.5 pHTs:
R W il 50.83 121.51 FRAK EElA 25.11 121.47 piTs:
M8 L L3 45.38 127.53 FRAK

http ; //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.33,No.24 Dec.,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review

The problems in red soil ecosystem in southern of China and its COUNEIMEASUTES ««++ssrrrreessrrrrreeeiiiitttaiit e
.......................................................................................... ZHAO Qiguo, HUANG Guoqin, MA Yangin (7615)
Fundamentals of Ecology: promoting ecology from tradition to modern: To Commemorate The 100th Anniversary of E. P. Odum’s
Birthday ««eeceeeeeessmmmmmummmttienti i BAO Qingde, ZHANG Xiufen (7623)
Food chain length theory: a review «-eeeeereeereeeiiiiiii ZHANG Huan, HE Liang, ZHANG Peiyu, et al (7630)
Autecology & Fundamentals
Foraging and bed site selection of Tianshan argali( Ovis ammon karelini) in Central Tianshan Mountains in Summer —«+eceeeeeeeeeeeeenees
......................................................................................................... LI Ye, YU Yuqun,SHI Jun, et al (7644)
Inhibition of pine coneworm, larvae Dioryciria pryeri, on herbivore-induced defenses of Pinus tabuleaformis —««+-e-oveeeeeeeeereceeiecnnne.

.......................................................................................... ZHANG Xiao, LI Xiuling, LI Xingang,et al (7651)

Response of periphyton to nutrient level and relationships between periphyton and decay degree of Potamogeton crispus «««+++esereeeeees
.......................................................................................... WEI Hongnong, PAN Jianlin,ZHAO Kai, et al (7661)
Correlative study between chemical constituents and ecological factors of Notopterygii Rhizoma Et Radix of endangered plateau
Plant  ceseerrrriri HUANG Linfang, LI Wentao, WANG Zhen, et al (7667)
Induced changes in soil microbial transformation of nitrogen in maize rhizosphere by 4-year exposure to Oy «+eoeseerereveriesiaeiiniieainn.
................................................................................. WU Fangfang, ZHENG Youfei, WU Rongjun, et al (7679)
Changes of digestive enzyme activity of Tegillarca granosa exposed to cadmium and copper «««-esssesereemeeieamneiiii,
....................................................................................... CHEN Xiaoxiao, GAO Yetian, WU Hongxi, et al (7690)

Population, Community and Ecosystem
Population dynamics and density of Bactrocera dorsalis (Hendel) in different habitats — «eoeoeeveeecereneeeennn. ZHENG Sining (7699)
Litter fall production and nutrient dynamic of Cinnamomum camphora and Pinus massoniana mixed forests in subtropics China -+-------
....................................................................................... LI Zhongwen, YAN Wende, ZHENG Wei, et al (7707)
Landscape, Regional and Global Ecology
Assessing the spatial representativeness of eddy covariance flux observation stations of terrestrial ecosystems in China — ---e-eeeeeeeesnes
.................................................................................... WANG Shaogiang, CHEN Diecong, ZHOU Lei et al (7715)
The coupling relationship between variations of NDVI and change of aeolian sandy land in the Yarlung Zangbo River Basin of
Tibet, China «««eeeeeeeeereemmmmmmmmmmmneni e LI Haidong, SHEN Weishou, CAI Bofeng, et al (7729)
Effects of higher resolution image and spatial grain size on landscape pattern in a small watershed of the farming-pastoral zone «--------
............................................................................................................... ZHANG Qingyin, FAN Jun (7739)
The changes of soil organic carbon and carbon management index in alpine steppe  «-+«+s++seesseerseeuernresitentienitntt et
....................................................................................... CAI Xiaobu, YU Baozheng, PENG Yuelin, et al (7748)
Spatial heterogeneity of soil organic carbon and total nitrogen at small scale in subalpine meadow and Picea meyeri forest in Luya
IVIOUIEAIL v cvveemeeeenennnnenenemnmneunenenetneneaneeneaeneneeenenseneneans WU Xiaogang, GUO Jinping, TIAN Xuping, et al (7756)
Active pools of soil organic carbon in subtropical forests at different successional stages in Central Hunan, China «+eeeeerereeeeeeeeens
....................................................................................... SUN Weijun, FANG Xi, XIANG Wenhua, et al (7765)
The impact of sheet and gully erosion on soil aggregate losses in the black soil region of Northeast China = «-e-esrerereemeeeneiieieean.e.

.................................................................................... JIANG Yiliang, ZHENG Fenli, WANG Bin, et al (7774)



7910 A % R 334

Variation of soil fertility in Eucalyptus robusta plantations after controlled burning in the red soil region and its ecological evaluation
.................................................................................... YANG Shangdong, WU Jun, TAN Hongwei, et al (7788)
The spatio-temporal variations of vegetation cover in the Yellow River Basin from 2000 to 2010 «+ecerererrrerreririeiiiiiii...
................................................................................. YUAN Lihua, JIANG Weiguo, SHEN Wenming, et al (7798)
Long-term dynamic simulation on forest landscape pattern changes in Mount Lushan — «+eeeeeeeeeeeeeieiiiiiie,
................................................................................. LIANG Yanyan, ZHOU Nianxing, XIE Huiwei, et al (7807)
Species habitat correlation analysis in temperate-subtropical ecological transition zone «««+eseseeerrerrrririiiiii
.................................................................................... YUAN Zhiliang, CHEN Yun, WEI Boliang, et al (7819)

Responses of Qilian junipers radial growth of different ecological environment and detrending method to climate change in Qinghai

PrOVIICE v+ ereesrnsnsenenemsuneneinetienetieneneaeeeeeenaeneaes ZHANG Ruibo, YUAN Yujiang, WEI Wenshou, et al (7827)
Resource and Industrial Ecology
The pattern of ecological capital in Daxiaoxinganling, Heilongjiang Province, China — ++ssseerererersmariiiiiiiiii,
................................................................................................ MA Lixin, QIN Xuebo, SUN Nan,et al (7838)
Research and implementation of mobile data collection system for field survey of ecological environment «««+«+eeeeeeereeeeeenieaeiean..

.............................................................................. SHEN Wenming, SUN Zhongping, ZHANG Xue, et al (7846)
Urban, Rural and Social Ecology
A remote sensing urban ecological index and its application ««r«e-++sssssrrsrrrrrirt it XU Hangiu (7853)
Research Notes
Genetic diversity and DNA fingerprint of Pleioblastus by ISSR -+------- HUANG Shujun, CHEN Liguang, XIAO Yongtai, et al (7863)
Comprehensive evaluation on photosynthetic and fluorescence characteristics in seedlings of 4 drought resistance species —«+e+eeereeeeees
............................................................................................. LU Guangchao, XU Jianxin, XUE Li, et al (7872)
Stock difference of Coelomactra antiquata based on nuclear (1TS2) and mitochondrial (16S rRNA) DNA sequence and secon-
dary SHUCHULE  «veveresssommmmmmenrtrne ettt MENG Xueping, SHEN Xin, ZHAO Nana, et al (7882)
The mechnism of the characters of inorganic carbon acquisition to temperature in two Ulva species «=«+eeererrreeeeeniiniiiaiii. .
................................................................................. XU Juntian, WANG Xuewen, ZHONG Zhihai, et al (7892)
Research on changes of dynamic characteristics of rainfall though Platycladus Orientalis plantation canopy in Beijing Mountain

AT@@ +ve v e emnne ettt et et e e e e eaeas SHI Yu, YU Xinxiao,ZHANG Jianhui, et al (7898)



(EBZFR)2014 F£FITEE

CERZAM) T EREE ORI £, P E AR 22 o P E R AR SR s b0 F R AR
AR WIT], BITT 1981 4F | il A A F SU HT T S AU IR QBT PERF ST R . IR A 65T, ﬁ%

S (T AL RER RN GE T R A S 2B TAE S IR R A SR AL, A A Rl B Eﬁm&@wﬁ”
PEFEA AR R RA K, 3R B 5 R i g A A 2R I A A F R BT IR 55 o R & ﬁwx%n?;z%ﬂﬁ%o

CHERAR) FEMRE AR %é&%/\ﬁzsaﬂB’@%ﬁtﬁm%fﬁﬂﬁmﬁﬁE’JJ?!Z‘*@IJ%J?@ﬂﬁﬁﬁi% TR
W RE S e A AR 28 e O ) B AR 75 £ P SO s BRSO T 5 AR RSP B B ik OB EOR A4 B B N
LR BHIF S RO = A R

2D M2 A T, K 16 FF4%,280 1T, B N E M 90 Jo/ M, & 4F 4 2160 T,

[ IR A AR . 82-7, E SRR & A5 . M670

FRAETFIS . ISSN 1000-0933  CN 11-2031/0Q

4 [ A M R SRy AT T ) AR PT B S T R WS U T R R TR R | SRR AR B AR
TEAETTT

Eiflithk . 100085 LRI IEX BUEH 18 5 B 1. (010)62941099; 62843362

E-mail ; shengtaixuebao@ rcees.ac.cn %] HE: www.ecologica.cn

AERGERER T 7 HEHMEE LU HITHRE XIRE B ¥

£ & % i ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) )
CEAT 1981 4 3 A G (Semimonthly , Started in 1981)
{33 24 (201312 H) Vol. 33 No. 24 (December, 2013)
b2 L= <<$ ?T&>,ﬁiﬂiﬁ Edited by Editorial board of

Mtk b st i X 18 5 ACTA ECOLOGICA SINICA

IR LS - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China

Hi% : (010) 62941099 Tel; (010) 62941099

www.ecologica.cn .
. www. ecologica.cn
shengtaixuebao@ rcees.ac.cn .

shengtaixuebao@ rcees.ac.cn

; gj i‘gﬁ N Editor-in-chief WANG Rusong
* ; rh ﬁijl},_%z,,_%z, £ Supervised by China Association for Science and Technology
fp R 22 o A 2SR 0 Sponsored by Ecological Society of China
Hidil b ST IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS
M T 4 A - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
H R 4% 4 & K ik Published by Science Press
Mol . b R EWARAL T 16 5 Add ;16 Donghuangchenggen North Street,
MRS A . 100717 Beijing 100717, China
R dbstduARENRIT Printed by Beijing Bei Lin Printing House,
2 1T 4 4 & )G Beijing 100083, China A
bk AR E AR 16 5 Distributed by Science Press m :
HE B i - 100717 Add ;16 Donghuangchenggen North o
L7 : (010) 64034563 Street, Beijing 100717, China T N
— Eﬁ“[%";‘% i%“ég%@ espe-net Tel ; (010) 64034563 S =,
ESNETT b E bR E 5 5 6 E-mail ; journal @ cspg.net ‘C_'-" _g
Mok AL ET 399 {24 Domestic All Local Post Offices in China = g
MBS AL . 100044 Foreign China International Book Trading g .O_
s2E e Corporation ~
{;nﬁfzﬁ U 57445 8013 %5 Add:P.0.Box 399 Beijing 100044, China B E’;
[S°R 1090933 WIMATF £17 HEBE RS 827 ESNETRE M6T0 =4 90.00 7

CN 11-20317Q



	1.pdf
	全页传真图片.pdf
	中ml.pdf

	stxb201208291219.pdf
	3.pdf
	英文ml.pdf
	FD.pdf




