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( Garrigues 2006; Yin 30 m
2015) o o
1 LAI

Table 1 Criterion of spatial representativeness grading for station observed LAI dataset
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Fig. 1 Flow for evaluating spatial representativeness of station observed LAI dataset



CERN

915

3
( CERN)
LAI
3.1 CERN LAI
CERN
15 .10 6 N
6 W2 1 ( Fu
2010) o LAI
LAI - CERN
2
LAI
o LAI
( 2007) o
40 m x40 m |
I 64 Smx5m [l
o 4—6 1
o LAI
( 2007) - 100 m x 100 m
I I 100 10 m x
10m 1 6—10 10
N 3
LAIO
LAI LATI
3 LAI LAI2. LAI
LAIO LAI LAI1—LAIO
LAI LARR—LAIl. 3
3
LAI LAL
CERN LAI
2010 2011 CERN

o

2

Table 2 Geographical distribution and dominant vegetation

type of cropland and forest stations

/°E /°N
LCA 114.69 37.89
FQA 114.55 35.02
SYA 123.37 41.52
YCA 116.57 36.83
CSA  120.70 31.55
YGA 105.46 31.27
CWA 107.68 35.24
HJA  108.32 24.74
LSA 91.34 29.68
TYA 111.44 28.93
YTA 116.92 28.21
ASA  109.32 36. 86
QYA 115.07 26.74
HLA  126.97 47.45
AKA  80.83 40.62
BJF  115.43 39.96
HTF  109.61 26.85
MXF  103.90 31.69
HSF  112.90 22.68
DHF  112.54 23.17
CBF  128.10 42.40
SNF  110.50 31.32
GGF  101.99 29.57
ALF  101.03 24.55
BNF  101.20 21.96
3.2 NDVI/LAI
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DVTP Gong (2012) 30 m
( http: //data. ess. tsinghua. edu.
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(2)(6) RSSE  CS
DVTP 60%
RSSE  CS o
DVTP 60% CERN 10
9 HJ4 A/B  CCD

LAI/NDVI

o

N



916

Journal of Remote Sensing

2015 19(6)

2

14
12

10

A AR5

24
21
18
15
12

el

S W o o

2010
HJ4/CCD

||

HJ4

[ sl
B 1J-1/cCDE %

w R FR

LCAFQATYA CSAQYASYAYCACWAYGAAKA

Y{8:3.00
FrifEZ£:2.29

o 1 2 3

4

[l
10

AR 3 U ‘3 T%!DOYﬁﬁ

(a) A< H 3k

(a) Cropland stations

2

HJ4/CCD

HJ4/CCD

14 -
12 -

10

A AN

16
14
12

el

S N~ O ®
i i

5.64
LAI

[ s
I HI-1/CCDi%

BJF DHF HSF HTF CBF GGF MXF ALF BNF

wRAFR

YIMH:5.64
iE2E:4.56

111

oF

2

4 6

10 12 14 16 18 20 22

TRk A 5 DI 5212 DOY £ 57

(b) bk

(b) Forest stations

DOY

Fig.2 Comparison of the number of observing dates and DOY ( Day of Year) between

HJ- /CCD images and ground observations at cropland stations and forest stations

HJ4/CCD

( Zhong 2011)
5 km x5 km

MODIS LAI

( Fang

LAI

6S

LA

[/NDVI

Collection 4( C4)

( Yang

Collection 5( C5)

2012) .

GCOS

2006) .

+0.5

LAI

HJ4

LAI
SAIL
et 1990) o

( Chen

LAI,

o

HJH

PRO-

( Verhoef 1984; Jacquemoud Bar-

1997)

( NDVI SR)



—— CERN 917

3

PROSAIL

Table 3 Values of the input parameters for PROSAIL model

N Cab

/( pglem®) /em

© 1.6 50
1.6 40
© 1.5 30
17 40

1.5 45

Cw Cm ALA
, hspot

/( g/cm?) /(°)
0.015 0.006 50 0.25
0.02 0.005 63.24 0.2
0.02 0.004 63.24 0.1
0.02 0.009 45 0.2
0.03 0.008 45 0.15

:a. Duan 2014;
Koetz 2005,
b: Botha 2010;

c: Darvishzadeh

Yang 2012; Gonzélez-Sanpedro 2008;

Wang  2013; Richter 2011,
2012,

d: Breunig 2013,

e: Dorigo 2012,

N » Cab s Cw i Cm
VALA: ; hspot
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Fig.3 Overall accuracy of generated high-resolution

LAI maps for cropland stations and forest stations
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4 DVTP
Table 4 Values of DVTP for cropland and forest stations 4.2 LAl
DVTP/% DVTP/%
LCA 96.6 HTF 100 LAI
ASA 24.5 SNF 58.4
CWA 96.9 GGF 81.1 °
FQA 73.0 BJF 100
HLA 2.1 BNF 100 ° >
YGA 89.8 MXF 100 N
YCA 100 DHF 100 .
TYA 100 CBF 99.8
LSA 26.4 ALF 91.2
SYA 93.8 HSF 92.1 LAI °
QYA 75.8
YTA 28.9
AKA 96.6
CSA 67.9
HJA 27.5
5 LAI
Table 5 Spatial representativeness grading of observed LAI dataset for cropland stations
DOY RSSE/% CS/% DOY RSSE/% CS/%
78 1.35 23.49 1 125 5.29 14.68 0
110 7.20 25.57 1 153 8.37 10.09 0
132 15.11 31.74 1 173 27.99 29.99 3
LCA LAI 190 5.83 22.54 1 TYA LAI 220 3.87 13.62 0
203 1.94 49.07 1 233 13.36 20.96 1
221 12.98 36.06 1 258 31.76 44.32 3
336 18.73 28.48 1 271 26.85 44.52 3
15 24.97 59.71 3 127 1.57 72.31 1
125 99.19 78.87 3 188 32.59 60.02
138 4.65 78.54 1 225 33.01 60.34 3
oA kAl 145 14.33 64.55 1 ova Al 262 43.07 66.90 3
178 45.87 91.22 3 286 56.12 177.9 3
255 27.53 70.89 3
191 62.83 38.03 3 9 30.68 67.83 3
214 4.1 20.29 1 166 36.45 114.23 3
YCA LAI CSA LAI
230 2.6 14.25 0 190 31.58 72.37 3
277 22.23 10.83 2
164 3.33 38.00 1 153 21.17 39.56 3
SYA LAI 207 47.93 42.63 3 CWA LAI 177 11.96 24.43 1
221 13.45 93.66 1 321 4.04 18.03 0
168 18.79 54.53 1 YGA LAI 224 10.17 37.64 1
AKA LAI 190 28.48 68. 19 3 352 11.97 40.56 1
218 13.96  68.27 I ISA - Land cover ) — — 4
ASA Land cover All — — 4 YTA Land cover All — — 4
HLA Land cover All — — 4 HJA Land cover All — — 4

: Land cover

DAL
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6 LAI
Table 6 Spatial representativeness grading of observed LAI dataset for forest stations
DOY RSSE/% CS/% DOY RSSE/% CS/%
42 3.27 4.62 0 56 0.83 2.61 0
85 0.99 14.12 0 84 0.67 3.10 0
100 1.57 7.61 0 115 0.47 3.65 0
145 2.37 19. 46 0 176 1.08 7.78 0
HTF LAI 227 114.40 24.35 3 BNF NDVI 298 0.24 6.30 0
258 8.40 43.05 1 329 1.50 6.77 0
297 16.44 25.81 1 359 5.96 10.83 0
320 37.11 21.24 3
345 10.39 29.44 1
134 1.54 7.15 0 106 8.55 21.54 1
164 8.87 9.58 0 171 1.46 4.74 0
BJF LAI 226 47.43 20.91 3 CBF NDVI 230 1.55 4.49 0
255 10.52 23.35 1 265 1.57 4.80 0
286 22.58 12.55 2 288 10. 10 13.78 0
62 0.53 5.40 0 180 0.15 30.94 1
96 4.25 7.09 0 209 8.78 33.03 1
DHF NDVI HSF NDVI
135 0.27 4.61 0 271 5.60 29.43 1
188 0.68 5.11 0 302 1.45 45.62 1
117 7.15 34.06 1 GGF LAI 241 40.37 68.67 3
ALF NDVI
355 4.99 32.80 1 MXF NDVI 264 2.68 3.49 0
SNF Land cover All — — 4
. Land cover: ;AL o
. (LCA) 7
( HTF) 2010 2011 LAI 8 LCA HTF 2010
0 DVTP 2011 0
7 8
o LCA DVTP
96 %
DVTP o o
2010 2011 LCA  HTF 1 km
HJ4/CCD ) S HTF DVTP 100%
LAI LAI o
RSSE  CS LAI 10 12 CS
o LAI 0 1 - 11 RSSE
3 .
o 2010 2011
LAI 7 8 LCA  HTF
2010 2011 RMSE
0.53 0.62 R’ 0.79 0.73.
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CERN ( Kim
2006; Chen  2011) .

o o

7 LCA 2010 2011 LAI
Table 7 Spatial representativeness level of observed LAI dataset for LCA station in the year 2010 and 2011

2010-04-23 2011-04-24 A 2010-0545 20110542 A 20100706 2011-07-08 A 20106720 2011-0730 A

RSSE 7.20 2.80 4.40 15.10 18.00 -2.9 5.83 2.25 3.58 1.94 2.34 -0.40
CS 25.57 32.39 -6.82 31.74 39.96 -8.22 22.54 37.4 -14.86 49.07 50.52 -1.45
1 1 1 1 1 1 1 1
©A:2010 2011
8 HTF 2010 2011 LAI
Table 8 Spatial representativeness level of observed LAI dataset for HTF station in the year 2010 and 2011
2010- 2011- A 2010- 2011- A 2010- 2011- A 2010- 2011- A 2010- 2011-
0446 0426 0525 0528 1020 1047 1149 1121 1208 1202
RSSE 1.57 5.45 -3.88 2.37 4.36 -1.99 16.44 17.56 8.88 37.11 28.63 8.48 10.39  8.76 1.63
CS 7.61  6.49 1.12 19.46 7.53 11.93 25.81 20.85 4.96 21.24 33.99 -12.8 29.44 30.09 -0.65
0 0 0 0 1 1 3 3 1 1
©A:2010 2011
43 LA . Fang (2012) MODIS
LAI LAI
LAI LAI
o LAI 150% o
LAI 0
LAI .
9
o 1 km 8 MOD15A2 o LAI
MODIS LAI MOD15A2 C5 ( Col-
lection 5) 2010 2011 MODI15A2 79
LAI 2010  CERN 70
. 2011 (LCA)
MODIS LAI ( (HTF) 9 o
)
- MODIS LAI 79 LAI
° MOD15A2 RMSE
1.67 R 0.407.
- Wang (2001) 79 1 km
1 28(35.4%)

3 4 19(24.1%)
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23(29.1%) ;0 2
(11.4%)
4
. 4
. 9 4
RMSE
4 0—3
RMSE  1.67 1.16;
R*  0.407 0.596.
(2
9

RMSE

Fang (2012)

(2013) MODI5A2 C5
1.17  0.92,
0 1

1.01, Fang (2012)

9
MOD15A2

4

RZ

o

Camacho

( RMSE)

0.57

Table 9 Validation results of MOD15A2 main

algorithm product after evaluating the spatial

representativeness levels of observed LAI dataset

n RMSE R’
79 1.67 0. 407
0 7(8.9%) 0.57 0. 840
1 28(35.4%) 1.01 0.721
2 2(2.5%) 1.46 1
3 19(24.1%) 1.43 0.497
0—3 56(70.9%) 1.16 0.596
4 23(29.1%) 2.51 0.268

RMSE R’
o 4
LAI .
LAI
LAI . . LAI
LAI
LAI

5

LAI LAI

LAI
DVTP.RSSE  CS 3

LAI
o CERN
2010 2011

- (2)
LAI MODI5A2
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RMSE .
4 0—3
RMSE  1.67 1.16
R 0.407 0.596.
. CERN 2010
0 —3 70. 9%
0 8.9% .
LAI

CS

(4) CERN

LAI
LAI o

CERN

LAI !
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Spatial representativeness estimation of station observation in validation
of LAI products: A case study with CERN insitu data
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Abstract: The continuously observed Leaf Area Index ( LAI) dataset from the ground station network is an important data source
for the validation of remote sensing products. However direct comparison introduces errors to the validation results if the station—
observed LAI cannot represent the pixel because of the scale mismatch between station and pixel observations. This study aims to
present an approach to evaluate the spatial representativeness of station LAI observations. This proposed approach will be used to
validate LAI products. Three evaluation indicators including the Dominant Vegetation Type Percent ( DVTP)  the Relative Spatial
Sampling Error ( RSSE)  and the Coefficient of Sill ( CS)

tiveness for station observations. DVTP calculated by land-cover maps can evaluate the vegetation-type representativeness in the

were established to determine the different levels of spatial representa—

product pixel. RSSE and CS were calculated from LAI/normalized difference vegetation index high—resolution reference maps

which were used to describe the degree of representativeness for vegetation density in the pixel. The approach was applied to 25
stations from the Chinese Ecosystem Research Network ( CERN) which includes croplands and forest in China. The threshold was
set as 60% for DVTP and 20% for both RSSE and CS to determine the level of spatial representativenessat different observed dates
and stations. Then the variation between seasonal and inter-annual spatial representativeness was evaluated by comparing 2010

and 2011. Finally the results of Moderate-Resolution Imaging Spectroradiometer ( MODIS) LAI product validation before and after
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grading station observations were compared to demonstrate the importance of spatial representativeness evaluation. The spatial repr—
esentativeness level of station-observed LAl data with different dates was first determined on the basis of grading criterion. The
seasonal level varied at different growth stages of vegetation whereas the inter-annual level was consistent because the structure and
pattern of vegetation were stable for the adjacent years. The root mean squared error between the MODI5A2 and observed LAI with
the good spatial representativeness reduced from 1.67 to 1. 16 compared with that of all observed LAI data. The combination of
DVTP RSSE and CS is an effective approach to assess the spatial representativeness of station-observed LAI dataset. Moreover
the uncertainty of MOD15A2 validation significantly differsat different levels of spatial representativeness. Thus the level of station—
observed LAI data at the product pixel scale should be determined and high-level LAI observation should be chosen to reduce the
error for validating LAl products. However the station LAI observations that can represent the product pixel were not sufficient
because of the influence of spatial heterogeneity. For example the percentages of levels 0 to 3 for CERN station-observed LAl data—
set were70.9% and 8.9% in 2010 respectively. Therefore further studies should focus on increasing the number of validation
dataset by two ways: collecting station LAI observations over many years at the global scale for various biomes and rectifying scale
errors between station and pixel observations to fully utilize station-observed LAI data. Consequently the LAI products can be com—
prehensively and reliably validated.

Key words: spatial representativeness LAl validation station observation CERN
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