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Analysis on Cloud-Originated Errors of MODIS Leaf Area Index and
Primary Production Images: Effect of Monsoon Climate in Korea

Kang, Sinkyu
Department of Environmental Science, Kangwon National University, Chunchon 200-701, Korea

ABSTRACT: MODIS (Moderate Resolution Image Spectrometer) is a core satellite sensor boarded on Terra and
Aqua satellite of NASA Earth Observing System since 1999 and 2001, respectively. MODIS LAI, FPAR, and GPP
provide useful means to monitor plant phenology and material cycles in terrestrial ecosystems. In this study, LA,
FPAR, and GPP in Korea were evaluated and errors associated with cloud contamination on MODIS pixels were
eliminated for years 2001~2003. Three-year means of cloud-corrected annual GPP were 1836, 1369, and 1460
gC m?* y'1 for evergreen needleleaf forest, deciduous broadleaf forest, and mixed forest, respectively. The
cloud-originated errors were 8.5%, 13.1%, and 8.4% for FPAR, LAI, and GPP, respectively. Summertime errors
from June to September explained by 78% of the annual accumulative errors in GPP. This study indicates that
cloud-originated errors should be mitigated for practical use of MODIS vegetation products to monitor seasonal
and annual changes in plant phenology and vegetation production in Korea.
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2hA] 2 A A RO AEEQ) S EA EUHE 7THE
o] 7hRtE] 7)ol o] = thPrince and Goward 1995, Running ef al.
1999). A A7 7R §74, th7] & sjdeE o] WstE UH
Fal7] gk HH 0 E wl= FE-FF=(NASA) A 7kt A
T-HZSA|2B)(EOS, Earth Observing System)< Z1 THIEZ Q] o
2} 5120 THRunning ef al. 1994). EOS 2120 oJ5] 19993}
2001130l TALE Terra®l Aqua 21814l BA)%E MODIS (Mo-
derate Resolution Image Spectrometer)= EOS2] &4 ¢A &AL
AAZA, v= 2o S Al 453 ZUH
S H3l 8¢ 7HA 9] FHEAX|GHLAL Leaf Area Index), 33t
A 8 BAF 5 240l §4F HI-E(FPAR, Fraction of absor-
bed Phothosynthetically Active Radiation), &% }AJ4H3(GPP,

Gross Primary Production) %97 5-& Alg-8laL 3lom, @A Al

A 9] AFRE 28] MODIS F4te] A= B7h) X3y
Zoll AtHCohen and Justice 1999, Morisette et al. 2002, Myneni
et al. 2002, Turner et al. 2003).

LAL FPAR, GPP 5-& 24 A37e] A wiste}l o wsts &
YB3 gl F23 JRE Algshet), =S v2d &
Aol M= dubE oz AL vl J5H =& AF
HEE B2tk Kang 5(2003)<] 240 o3t -guiete] o
3 MODIS LAI 94+ 99} 22 Al jedS Z uj2e o8
Uelskow, MODISO 93k LAI AAIE A8 S o] &8t /A
SEA7IeF 8717 A WslkE 4EAe® g 5 e
S B9tk wEhA MODIS 9/ &% f-eluet 199 A&
A 2 S A B4 53 FUHYS 93 A2 7
= AgstElet ddEm, 58] A RA Yehe AEA
B4 3714 o)l tis) @A 1 km, T 250 m 3%
T 83 ARE AFT Aoz JgiHc

SlA%F MODIS @73l 75 32 & 5°] EAlske A=
whaE 7% MODIS LAL FPAR, GPPE A4 Y& 7kS Kol
A =, ole olg d4e 4 AH-E= MODIS 7HA1%
A~H LM F7re] A WAL= (surface reflectance)”} 248 3
W] BALET} opd & 45T TRIEE oJH|aly] wio]
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2001~2003.
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Cloud-originated errors
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Fig. 3. Time series of 8-day FPAR (upper row), LAI (middle row), and GPP (lower row, g C m™ d"') for years 2001~2003. Left, middle, and right
columns are time series of original images before cloud correction, cloud-corrected images, and differences between original and cloud-corrected

B3 7 o Frol
ol w2} 2217} *7}0}* A Hglon ko] 74
2ok 20030l 714 2 93P} waslg) &

GPP /gl A

images, respectively.

[ W

o T o] 94 B ol

45 23k 7%

=

Fig. 3¢] 982 9 2952 FPAR, LAL GPP«] TE T L
A7} 6BellA 99 7I7tel| FFate] UEh-S BT, ol stk olgigt &
SEUE 2 7159 549 A5HY { X‘Z Bt o= &

A7F et Zlos e

oAl g B ¥ A
o

2700 whet 8% A9nn
4v), A7 GPP7h 7] W) ATAOE A e age] e
o} 2 9L W) WRo Amwr
HEBY47} O RS AF
[¢]

a

oo} & o]follA]
T Aol A 718 & GPPY

Z715K9T) LAIS} GPP 25 -] Z7}

kA Fig. 49] 69

oA 97t -3} LAL GPP] 5 93 A} 7holl tha /o]
Sk F7F dElo] Yehth I E 20039 ¥4 B LAIS}
= 03E Hol: AP $Fo

S e

Seer

A7+ A5713b0]

A e

| =& A9

sAge B T §

o 78

TH(Fig. 5).

5] r,ﬂo];do o]-

chEth 6¥oA] 9€ 9] $7) %‘— ——,-Lf':
3 QoA AR HISS
FPARE 67%°] @3} 9-7] ?4 T=

£71F:9] MODIS 34 78 9%
a9l el B 78 9

B At At TE 9
PPO] 7% 78%, LAIE 79%,
LY

F o} 2} Wi

A TE IF 94 4 1R RS
230 g FFE 8
F QA9 2% 2ol FARHS

S FRIE A Fig. 55 9710 sidahs 62l

997 AR E 01%61 8 Bt
W\Li*i Al =
VT A= AWske T AEEA FPARY B¢
0.84~0.88, LAI 0.85~0.91, GPP 0.41~0.902] ZAAF(H)E B
WA §-7] &]9] A8 71A] B
S 7% 2% 75

T8 9% 939 e
© 4B RolET S 7 us

T 23ste] 3T

GG 270 Tt $3e) Amo] WA

DA T4
o] 3¢ 0.58~0.64, LAI 030~0.53, GPP 0.21~0.479] 9ol ¥
A v 7 9 LAt 2w
7] Tl Agstel YehiH, 971 § 3L 75 9% 24349

710

A<, ARAS(A)E FPAR

7159 §



220 2

Table 1. Annual means of fraction of absorbed PAR (FPAR), leaf area
index (LAL, m* m ), and annual totals of gross primary
production (GPP, g C m >y ") for years of 2001~2003. ‘O’
and ‘F’ in parentheses indicate ‘original’ and ‘filled’ images
before and after cloud correction algorithm applied, respec-

tively.

Year |ENF(O) [DBF(O)| MF(O) |[ENF(F)|DBF(F)| MF(F)

2001 | 0.70 | 0.64 | 0.68 | 0.75 | 0.68 | 0.71

2002 | 0.67 | 0.64 | 0.67 | 0.76 | 0.69 | 0.73
FPAR

2003 | 0.66 | 0.59 | 0.63 | 0.75 | 0.67 | 0.71

Mean | 0.68 | 0.62 | 0.66 | 0.75 | 0.68 | 0.72

2001 | 3.1 2.9 3.0 35 3.2 3.2

2002 | 3.0 2.8 2.9 35 32 33
LAI

2003 | 2.9 2.5 2.7 34 3.1 32

Mean | 3.0 2.8 2.9 35 3.2 33

2001 | 1,721 | 1,302 | 1,392 | 1,837 | 1,364 | 1,455
GPP 2002 | 1,680 | 1,249 | 1,345 | 1,848 | 1,342 | 1,444
(¢ Cm"y )| 2003 1,610 | 1,201 | 1,295 | 1,823 | 1,402 | 1,482

Mean | 1,671 | 1,251 | 1,344 | 1,836 | 1,369 | 1,460

ENF, evergreen needleleaf forest; DBF, deciduous broadleaf forest;
MF, mixed forest.
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Fig. 4. Spatial maps showing fraction of cloud cover (%) for June-
September (upper row), differences between cloud-corrected
and original LAI (middle row), and differences between
cloud-corrected and original GPP (g C m” d”) (lower row) for
years 2001 (left), 2002 (middle), and 2003 (right column),
respectively.
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Fig. 5. Scatter plots between fraction of cloud covers (%) and mean
cloud-originated errors in the 8-day MODIS images of (a)
FPAR, (b) LAL and (c) GPP (g C m’ d'l) from June to Septem-
ber for years 2001~2003.
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