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Fig. 1 Location and land cover around the flux towers at Wanglang station
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Table 3 Footprint overlap indices across flux towers at

monthly scale
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Table 5 Assessment of spatial representativeness associated with heterogeneity of vegetation density
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JA ] A 2 52 e 3 g 0 9 L A3 A ) skt R
(Chu%, 2021; FMFEEE 4%, 2021), i# & Rl 2spl
2500 = B RIS K (Burba F1 Anderson, 2010),
[FIES, PR A ARa s, AR R a] Y 3d
AR T R OR HAR R E 20 (Kim 4%, 2018) .
X UL o A v Wl (AN AR S A ik anty
75 m), H R 1438 2 A 30 1 B AR R B
M= R g xt 225 (RI3AE 4) . &
Pl (), HE R B A A8 Tt 25 i
A e ST Y 22 5 o R R [R] 3 R 3 3 TR 1)
R 25 T X HAE 2 AR 00 RUEE 1 25 [ A e 1 i
W (Chu%%, 2021; Kim%%, 2018). 4
G 7 PR AL 00 TR A 28 AR IR A A T Y s el
FeMh, T DNRT [ o AROUE I 5 23 ] 4R 2R 1 SR AR OT
JUE 4350230 m A160 m, 4T H-AOULIN 5 23 8] 8
PERAEGOT R E 1000 m (£ 4F1FK5) ., Tk
34T B I OO = FE A AE W B 25 S (430 ok 10,
30F175 m) o NI . 0 ST A L AR 4R
T FEL 0% ) S - S5 L) R JHC A 970 1 T 7
225, HE R e AR 2 B ROT ROE A2 a3k
o T EUREZE M, b AR R X
S TE UL AE 2 25 () 43 B R AR T RUBE B3R B
23 ARZFPE (AN10, 30 m WL RE ), T 4 v L
B A PGS 18] 43 B R AR 0 RUBE (1) 25 [A) R e 1k 4 e
(4075 m W =5 B2 ) o [RIBSF, SRR ARSS NDVL,,, 5
NDVL,,,,.... TE 2 A8 00 KRB 3R 901 A v 1 — B
7 T A Sy 0 ] b Rty A 225 ] 3 B 238 45 o0 RUBE )
1746 NDVIL,,, .. B KB NDVI, fi 75, NDVI,,,, . 5%
B NDVL, AR50 (7). B33k 3/ B
A & 35 00 0 ) 3 e X4 P ol L R Bk 2 R T ik
(Prin>92%, 324) o FFIM MRS T £ IHIAE Bl 28 B AL
h—B, TE AR T0 R AR I I XA A
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s ARRME (F24) . HE A R s bRl T 44w
P A S MR, TEARAS (] 23 HE AR O RUEE
AL K i e RSERE A (BT (b))
FEARAER 2R, T i v 0B AR P ] I AR ND VI
AR, W ERE AR SERE R Y NDVIRS R, 18 A
0 [N ND VL, o, BT I 23 ] 43 B 5 i o4
JCREEM NDVL,, s MEARK T, ANFEZEAGE
B E NDVIXR iy, X i RS (8] 20 B3 10 18 JE(R
JG, TEILIHL S 37 ik L X S S i s, A
NDVI,, . =i NDVI MWK, Bk, 7E1lL X IF
JE B 3 B 3 A AR IR TR B0 I B
I 30 2 3 i s S AR Ak

IR B4 A bR AR 27 A e S v ) A
FEMRAL (Z2/N3C, 2015; Z5/NSCRIEHREE, 2013),
LUy DXt 5 P e 5[] S SO P L s A 2 R 5 1) R
ROV N SRRk, Bk CR—a—H" 2
JRUPSE XU 30365 B P % A 1 6 i oA %o e, OR300 €5 45
BIRLERTHY (2487, 2012), Al RS H0E K
Al B TP RBE B e S BRI A R A G H R
ARSI R 5 i A= A R el e . /K FTBE i A5 08
TR R, R b DU Y A N, SRR T
LI A s Y R, 7RI IR R R —as—
M7 Z ROEEZEA W, T 5 55 B AR AT 1L Mk
R AR RS B AROT RE B as R RME . 1
LR b, S5A RS ROBEY AR, DU 4F A
PIFRAE LA SR B Y e IE AR, 2
1L X G AR T RN (R A A
2016a, 2016b; T X%, 2021). B, Brunsell %
(2008) X b 3% 2 Hi A& A AN 7] 25 (6] RUBE (1) 2o A8 S H:
AR SCSE ) R EA T PEAl A R S Ui R 5 e v
PO A ) AR S B R A . LidE (2008) WF
9% % T3 SRS 2 (R] 3 9 23 0k 3 e UL fie A A
WEEFLW, 8V EIE T 5 I 2R 0 Hh Bk R
G AR R 25 [B) 3 W aEm B 1R . F AN R oY 45
SR, Ly DX UL A R s A AR e b R BR T
23 [H) 43 HEEE UL w5y B2 B AR ) FH o IR 25 i) 43 3%
OO = B i) AR oT R . ik, 7Eil
WASRG “B—2—u" 2 R ) 52 b N
v, ZRAFE & 2 0 7 i B o N Ry s [ A%
PEJC R EE . ARSCHE Y, A R R 7E R OT R
FE B s AR, A5G 2 RO 38 O 45 48 A
Bfas REEY Rrd, A il XAESRE S Eh
AN 3E T

6 %5

B2 2 G0 1Y VP AL 8 B R OT RUEE |38 5 2 30 1Y
23 AR M ) 328 B o 7 R L G AR
JeohEE, ASCUL T E MR R L AR S R S —
B 0 30 BEAE OGRS ] (P RE R REN | VR
I ] P ARCRT B SR BT IR ), AT 168 B A ORI 545
JUIA A 2s AR R PRI R . R LSBT .

(1) 763l 2l 25 ARk b, s AR
[F] XU 0 3% 3 i A 30 1) 3 L% B R (10—10° m)
HXTFRAERAL GEHAE40% LI ), I Lk
ARG AT B A K i B0 B N O
i R A R 25 5

(2) el & 2 a P AR b B, FRu AR
JEE 3 R R B BT 2R (0%—
88%), i H N LSR8/ (>83%)., KL,
B XF e B[] 3 B 2R B B 5B A7 R0 A 7 R
ChnH RBE) , A 0 BEZ5 A A I s B 1 2 38 R AIE LA
Fofi B2 0 A () R AR A

(3) FH T XU AU o5 3 45 R R A s ),
TR 2SO0 R S B R[] 1 25 R AR e
DL E Bk N 3O IE R (5], PN | A A
K 23 7E 30 m. 60 m T 1000 m 450 N R
55 38 0 Y e RS AR R R . T Ll XGE i
LI 11 5 2 PR AR e 1 )= BR T v 25 [l 43 B (Ol
o BE AR ) AR IR 2 18] 4y R ORI ey 38 A o
B ARG T, IAHE &R AR T RE B
SRR, 456 22 R 3 B0 I B4 N B s R

By R, ekl X A4S RS S B AL bR
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Spatial representativeness of flux footprints at pixel scales over
mountainous ecosystems

WU Changlin, XIE Xinyao,LI Ainong

1. Research Center for Digital Mountain and Remote Sensing Application, Institute of Mountain Hazards and Environment,
Chinese Academy of Sciences, Chengdu 610041, China;
2. Wanglang Mountain Remote Sensing Field Observation and Research Station of Sichuan Province, Mianyang 621000, China

Abstract: With the availability of remote sensing images since the 1970s, the spatial-temporal continuum observations of the land surface
can be obtained at the global scale. In this manner, remote sensing is an important information source for the large-scale estimation of land
surface carbon, water, and energy fluxes. Global eddy covariance flux datasets are widely used to evaluate and produce remote sensing flux
products. Given that tower-based fluxes can only represent the small areas around the tower, a mismatch usually occurs between the tower-
based fluxes and multiscale pixels of remote sensing. Thus, the spatial representativeness of flux footprints must be evaluated at multiscale
pixels. In this study, we choose the Wanglang Mountain Remote Sensing Field Observation and Research Station of Sichuan Province, a
typical mountainous ecosystem of Southwest China, as the study area. This study used a two-dimensional parametric footprint model (flux
footprint prediction, FFP) to characterize the spatiotemporal variations and analyze the spatial representativeness of flux footprints at
multiscale pixels (i.e., 30, 60, 120, 250, 500, 1000, 1500, and 2000 m). In this work, the land cover types and normalized difference
vegetation index were used to characterize the spatial representativeness of footprint among vegetation types and vegetation density at
multiscale pixels, respectively. At the same time, two site-level simple representativeness indices for land cover type and vegetation density
were proposed to evaluate the footprint-to-pixel representativeness across flux towers at Wanglang station.Results showed that the footprint
fetch varied across flux towers at Wanglang station (10—10° m), and the footprints at multiple temporal resolutions had a low symmetry
(usually less than 40%). For the temporal variations of footprints, the overlap of footprints had evident changes at the daily scale (0%—88%),
and the variations were reduced at the monthly scale (usually larger than 83%). As for the three flux towers around Wanglang station, results
showed that the station of deciduous broadleaf shrub (with observed height at 10 m), deciduous broadleaf forest (with observed height at 30 m),
and evergreen needleleaf forest (with observed height at 75 m) had the optimal spatial representativeness at the pixel scales of 30, 60, and
1000 m, respectively. Moreover, compared with vegetation density, the discrepancies of spatial representativeness were more evident for
vegetation cover. The spatial representativeness differences of footprints must be paid attention to while validating remote sensing models
and producing flux datasets around mountainous ecosystems. Moreover, the corresponding footprints must be combined with tower-based
observations to characterize the temporal variations of fluxes when modeling and producing flux products at high temporal resolution (e.g.,
daily scale). Given that the high spatial representativeness of footprints was limited to the pixels at high (a lower tower) and medium-low (a
higher tower) spatial resolution, the estimation of ecosystem parameters and flux research over mountainous areas could be promoted by
cognizing the spatial representativeness of footprint at pixel scales and combining the multiscale remote sensing observations with the
spatial and temporal scaling method.

Key words: pixel, spatial representativeness, eddy covariance, flux footprint model, mountainous ecosystem
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