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A reflectance normalization via BRDEF model for the

Korean vegetations using MODIS 250m data
Jong—Min Yeom

Department of Environmental Atmospheric Sciences, Graduate School.

Pukyong National University

Abstract

The land surface parameters must be determined with sufficient
accuracy, because these playv an important role in climate
change necar the ground. The MODIS (Moderate Resolution
Imaging Spectroradiometer) sensor has provided visible and
near infrared channel reflectance with 250m resolution on a
daily basis. As the surface reflectance presents strong
anisotropy, off-nadir viewing results in a strong dependency of
observations on the Sun-target-sensor geometry. They are

contribute to the random noise removing in the measurements.



The successive physical processing steps were operated to the
image on a per-piXel basis to remove cloudy pixels. For the
geometric distortion, the correcting process were performed by
the nearest neighbor resampling using 2nd-order polynomial
obtained from the geolocation information of MODIS Data set.
This paper attempted the Bi-directional Reflectance Distribution
Function(BRDF) model to normalize directional effects on daily
basis. For each spectral band and each pixel, present study
could provide at nadir view normalized reflectances applying
BRDF modeling for the data from the observations acquired at
every orbit pass. We obtain 36 ten—day reflectance product of
VIS and NIR channels for year 2001. Modeled reflectance values
showed a good agreement with measured reflectance values and
their RMSE(the Root Mean Square Error) was totally about
0.03. Finally, we provided a database of NDVI(Nomalized
Difference Vegetation Index) and surface albedo from these

normalized reflectance product over Korea.
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2. An

AT A AHE" MODISHA = F 36719 7HA9Y, H9499
o] M= A& AFso FdiE 0.405~14.385 pmoln HFEE A
el weba 250m(2 1A 29), 500m(xd 3Wel A 7THZA]), 1km
(AEB8HA A 36 7HA]) e E A3 st MODIS AlAo &3k 2}A gh
82 Table 1.1 o #As] Yeblidoh A8 MODISAHREE 7HA %
A=l Ad 13 2 W=l Ad 299 THAgYe] AR
(MODO02 product)?} A€l BAS 9% #gl9x #A85 % BRDF »d&
A AEAHRE 7FA 3 9l MOD03 A& & AF&-sedo)

b 71702 2001 1€ 19FE 2001 129 31974%] 1@ B¢

2

MODIS#HE & &34 7F A7+ 95% olde A9E
ga AR, 2619 ARE ARSR-Y. AT A2 FiglolA e
A o] 95(34.0~39.0) BE(1258~129.8)¢] FHRtx Aol

= MODIS #&+% NASA(National Distributed Active Archive

20
i

g

A9

o

Center(DAAC, http://daac.gsfc.nasa.gov/) & E3to] =7 5t
DN(Digital Number)2 3% E33 dHz= AFs=d AVHRR

Level 1b #5 9+ 24 MODIS Level 1b #}5 & Hierarchical Data
Format - Earth Observing System (HDF-EOS)9] delz FgHo=®
A RE ZRIZE ol HMejrh vl gelstel F o] o] &2 MshH
o7 AFdriy & &

EA 98 25 = UMD(The University of Maryland’s 1km Global
Land Cover product)oll 4] Al&3F= lkm E A 3 5(Land cover products)
A5 (Fig2) 5 AHEstdth UMDONA Al gshs EA9Y A5 F 133

o2 2ol 355 (Table2)E st

,‘]1,
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Fig.1. Map of the study area
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Table.1. MODIS Wavelenth band and its major products form

those wavelength bands.
§ ; Spectral Radiance Required
Primary Use i Band @ Band width 4
| NE[delta]T(K)
Land/Cloud/AerosolsB;, 1 620 670 218 128
oundaries L2 84187 24.7 201
3 459 479 353 243
Land/Cloud/ Aerosolsti 4 45 565 290 228
, .5 1230 1250 54 74
roperties 6 1628 1652 73 275
i B 7 . 21052155 | 1.0 110
8 | 405420 44.9 880
9 438 448 419 838
10 483 493 321 802
Ocean Color/ 11 | 526 536 279 754
Phytoplankton/ 12 546 556 21.0 750
Biogeochemistry 13 662 672 ) 95 910
L 14 | 673683 87 1087
15 | 743 753 102 586
16 | 862877 62 516
Atmospheri 17 890 920 10.0 167
mospneric
18 931 941 36 57
| Water Vapor 19 | 9595 | 150 250
20 | 3.660 - 3.840  0.45(300K) 0.05
Surface/Cloud E,,gl 3.929 - 3.989 ~ 2.38(335K) 200
Temperature .22 | 3.929-3.989 0.67(300K) 007
- 23| 4.020-4.080 0.79(300K) 0.07
Atmospheric 24 | 4433-44%8 0.17(250K) 025
Temperature 25 | 4.482-4549 0.59(275K) 0.25
Cirrus Clouds Water | 26| 1:360-1390 600 150(SNR)
27 | 6535-6.895 1.16(240K) 0.25
vapor 28 | 7175-7475 © 2.18(250K) 0.25
Cloud Properties 29 | 8.400-8.700 9.58(300K) 0.05
 Ozone 30 | 9.580-9.880 3.69(250K) 0.25
Surface/Cloud 31 |10.780-11.280 9.55(300K) 0.05
_Temperature | 32 |11.770-12270 8.94(300K) 0.05
33 [ 13185-13485 4.52(260K) 025
Cloud Top Altitude |- 34 13485 - 13.785 | 3.76(230K) 025
35 |13.785-14.085 | 3.11(240K) 025
36| 14.085 - 14.385 2.08(220K) 0.35

1 Bands 1 to 19 are in nm; Bands 20 to 36 are inm

2 Spectral Radiance values are (W/m2 —m—sr)




Fig.2. The University of Marvland’s 1km Global Land

Cover
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Table 2. UMK 1km Landcover type

Value Description COLOR
0 WATER
l EVERGREEN NEEDLELEAF FOREST
2 EVERGREEN BROADLEAF FOREST
3 DECIDUOUS NEEDLELEAF FOREST

| DECIDUOUS BROADLEAF FOREST
MIXED FOREST

Zh

WOODLAND

7 WOODED GRASSLAND
3 CLOSED SHRUBLAND
90 OPEN SHRUBLAND
10 GRASSLAND

11 CROPLAND

12 BARE GROUND

13 URBAN AND BUILT-UP e

_15_



1 A Fd dA e

2.1.1 A2 B A (Geometric correction)

N

g mAe ol b4 alEel oA WS 94 Gl A
g UGS AAGE Aotk AR ANz A4} AT
of AhHel 9, AT AMEE, AYAE, AYEE, 9G] 24 &
Sol 9% 9% @gsel Ak

-
=]
= ATolM ARRE AY RA EE 2471E 3 (GCP:Ground

Control Points)E ©]&3F 1A 948 v (resampling) & AF&-3}
At

MODISAIM = 3hH 2718 & uf 2330kme #=%& 71A) o
H3 W #ASHEFLE o 7 2P A4 LAY WA ¢A

of Hot $FS FHOR 2 JA) AR 25 % A 7

A Ao 34y HAE ARG o] AL A ol o3jA LAsT}
g Fig.4oll A, A MODISAIA < & (2030km>x 1354km) 3} Shuk= o] of &

(500km><400km)& Bl et ke 2o Folry A ojv]2| o] P
& Agstrizt @57 Wil @ntx 49 (500km><400km) 7 4 2]
ojplAlRtE FESte] GCPE o] &3t IS AulBets o) dast
}.

Fig.1olAl uelis At 2o 250me] I =S 7HA & hi
T drdd2(Fig) Al A3 dHS Esta] d4s g st
At A 94 Ads AFdAe olnAel Y A dgste g

a5 A (resampling)dtol #j8] BA S 3L}



2.1.2 & A A (Cloudmask)

g 9ol HALE olF FHL AXWMF ATl JdAM F
FEow AARG AL FFol AxHY A7 shA WMFE
W 7Hg T e Fe] adolv] wEolvh wheb AFERkAbE, A A
(NDVDS# & o] 7kA] Az ojde] +5& dvh g &3
ox AAT 4 A Aol Fastrh

HEEe FEAA FnEgFe 7 Ade] A E 54E o &35
TES AAG FE AA 1ES A PR 7R dyo s vy

ko
&

2
e
ot

L
o

2 dAFdA e FEAA HHAA M wol AMEE I e A
(Threshold)#t W& Ab&atdrh. dAIgE MRS Qoo ahiol dslA
rael sl Axe 548 vaste] QA o] de] Aol7} vH &
o2 ZhFehe Wyeltt wEkA siAg duElFosE FES ¥AEe
B A VEH oz HAsH: BAE JAXNE oBA Aiihel @
AehA P Az ol Faf, 1999). ¥  <A-telA=  Shine et al.(1996),
Saunders and Krebel(1988)3% McClain(1993) ol <l&) A|A18 A AFk
FuElEE S84 AFSskh 29 Fig2olA B WA, Ad 13
A oWel ZA wMALE glo] olAtETl AW E A g 7hES)
A dANA AARHR Fe FE FAEL UgdAR doiy. EXE
A1) A

k)

fll

2 (RO.66 - }%.87) + 1'5}%.66 +U5}%8?

(1
By 5+ Fiy 705
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b YA Ko How FEI4R HFEa, R8T/R66Y W&ol
TEol e Aol disiA dAgtRe =4 vebdoh wepa ol g
TE59 sAES AA "t v o s AAE1(0.66um)e] T A A Gk
AAE 5 FAES AA Y HFHoR FE 4R FEHA

ddo g zhFsto] ol &gtk FEAA HA g HA

T 9 A7) Fol webA Wgslr] wie] tH(Simpson and

ATtz & At A A" Ad2 250me] SdEE 7HAlE 0.66n

b me| F AMEntE A2 FF AAE sioF 5] o] A9

d9E& EFste lkmel FEEA AR AdRoE P59 AEsE ol

ofZith webx & AfolMe tE staE AA sl Al disiA
= A

stol E5E ARG % oA FEAA AnIYHL

=
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Clear
sky
pixel

A> 0.3?

Yes

Nol

7 > Threshold?

Yes

Nol

R.87/R.66 >Threshold?

Nol

CH1WA} X > Threshold?

Cloud

pixel

Fig 3. Cloud detection algorithm
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3. (Methods)

3.1 BRDF & 49

MODISAlA 2] 82 FOV(Field-Of-View)= Bl F-AH-4lA]2] 7]

MAzhe) 7lstetAQl B S Adds] whisrth ek olee J3gS AW
TE AET oM FEs oA E FEAE 9

u}2}A] BRDF(Bi- directional Reflectance Distribution Function) 5
DE usd A g vlsiEtd 548 BAstE Aolth BRDF
Rl qe v BjF-AH-ed it ZtelA ASHE M Mz
largh = s Wb ofyeh, thr]- At Al Aglol A HALAEA o A
Az AxEe HFEE A3 3HH(Baoxin Hu remote Sens.1997).

Kernel-driven ®F 4324 RdEL BRDFE &3] 98 £&
gedor H3AE BAEE Eovd 4+ AA goH(Duchemin and
Maisongrande, 2002). ©J&] BRDF %% % B dolA 3= Roujean et

al. (1992)¢] 2ol Aelsojrlizd], o] o Edo] e ATE

(Leroy, 1997; Csiszar et al, 2001; Leroy and Roujean, 1994)° 2] sl

i

AVHRRA Mol tfst wrFantst AatsE <19lw AVHRRI 34 o
7y TR ol MODIS?| “17l ¥ wjalsh = 918 vbE 5 Hol 917 o

o)},

,20¥



Roujean et al.(1992) 292 o5 o] QAL

p (9.4) Gu,’ é) - [((l + I(lfl (937 01'} é) + KTzfQ (05‘,‘ 911) qb) (2)

f,00,,0,06)= % [(m — ¢ )cosp + sing Jtand tand,

— % (tan@s +tand, + \/ tand, + tan’0, — 2tan€stan0vcos¢) (3)

_ 4 1 T a1 1
F200,0,6) = g b (B~ Eeost tsing] -+
cos€ = cosf cosh, + sinf sinf coso 5)

A71A pe d7IRAE MM el Al wiAlE grelx fi& EMAE HhAL

2 Q% HEd FHEMAE BAsH, fie AXAGe] BRDA g



3.2 A5t 3t (Normalization)

2 Aol Arg" A3rst W2 Duchemin and Maisongrade
(2002) 2] A A g Farst ol
Poorm = Pmodel (95 = mean, 0” =0 ) + Pineasured — Podel (95} 01,v} ¢) (6)

pnmm:re([{% 2 }\6‘ Oﬂ }\.] %%% tﬂ‘A]—E %}0]37_, pmmé«i"‘:—: BRDF =dl&
}\}.%?—]—- gkc’]‘:}‘ Priodel (05=mean,9,,=0)-\‘f—_ 7-\5:}'*6‘3]'3-‘_‘7 ‘g.l‘ —‘—6—‘—?_9,] ﬁélﬁ- EH
FAA73} 94 HA7tol 03 W BRDFR DS o] §3he) A2a ol

v}

1 "
PN = Fi;pllllr'lll (i) (7)

it
=

HDAN prpy = 188 WAHE B eI, gyt 4

T

b etk reln N BASHE B Bt TEO] Qe 2o 58
ehilh,

B oATME F 5199 EAE gsel 1 F Ha TRl gle
4909 WG olgskel Aits stuch AAAL AR AAY

WA s A 5 E R Figdol] veRy 9o
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Ancillary Data

Angle information

MODIS Level_1b

Geolocation

!

Cloudmask

!

BRDF Correction

!

Reflectance Normalization

' I

Composit Albedo,
etc
NDVI

Fig 4. Image processing algorithm
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4. 4 3}

41 +5AA

5 AAE Figdel YERG A3 2ol zhzhe] Ee A3l FE9
dAES ol &t Asth. Figbhe 20019 19 199 RGB
(channels 1lired, 4:green and 3blue) 7§ AL Ho Frp g
Fig6: A 1Mo WAt g& BojFEr. 44 RGB 4ol 2o A
= rEY 992 FighdlA yvehvbe A3 2ol ¥iAlm gro] Al e}

FEAA dmeFol i AR AR T BAA Wk o
ohowste & otk webd Zbzke] Qo] el SAEIFS o) Sl
A g delste] TEAAS Stk Fighol Al Aot
Aprogrel B bt Age FEolt FEAA BA $AS
Fotel HEHoz FEAAL B F Figrold Qo] 8 waey
bl webbE T8 AGRR o $E3 AHe] TR %

o wF AA sack oA AARoZ A AA AoiA
s gstel el AAEA ol wrol e AncE Aol § 3
2

L% FEHET AYPBE Hro HAS oty FHE U

T~
o
1
e
2
2
rII.

,24..



Fig 5. MODIS RGB mmage at 1, Jan 2001
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Fig.6. MODIS Chl Reflectance image at 1, Jan 2001
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2001

Jan

y

Fig.7. Cloud masking at 1
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4.2 BRDF 24

® 9ol x) Ab2¥ BRDF 243H= 20019 19 1956 129 31
A7A e} Aol halA =T Byl o Zydel AAHEA 77t
& 319 o]} 10¥9) sliding periodE 7FA3 Fawo] F 36742
F Aarh FHEAT. A@AA fie A B2 A% FUFY F4
#AE FA T, f= AR g BRDO i3t leixE vehdch
ubebA ol grES A MAZ, Ad AR, HEI Aol W
A7te ol gsted At 5 Uk pae AA A WALE grelth whe)
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(a) (b)

(c) (d)
Fig8. Chl Reflectance images via BRDF model (a) 15
January 2001, (b) 25, January 2001, (c¢) 14, February
2001 and (d) 26, March 2001



Fig 9.

Chl Reflectance 1mages
2001,  (b) 15,  April
and (d) 14, June 2001

via

(d)

BRDF model

2001,  (c) 25,
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(c) (d)

Fig.10. Chl Reflectance images via BRDF model (a) 13,
August 2001, (b) 12, September 2001, (¢) 2, October
2001 and (d) 1, December 2001
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(c) (d)

Fig.11. Ch2 Reflectance via images BRDF model (a) 15,

January 2001, (b) 25, January 2001, (c¢) 14, February

2001 and (d) 26, March 2001
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Fig.12. Ch2 Reflectance images via BRDF model (a) 5, April
2001,  (b) 15,  April 2001, (¢c) 25, May 2001
and (d) 14, June 2001
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(c) (d)

Fig.13. ChZ Reflectance images via BRDF model (a) 13,
August 2001, (b) 12, September 2001, (¢) 2, October
2001 and (d) 1, December 2001
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Fig.16. Chl Reflectance image at 15, Jan 2001
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Fig.17. Chl Reflectance image via BRDF model at 15, Jan 2001
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Fig.18. Chl Reflectance image at 15, Jan 2001
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Fig.19. Ch2 Reflectance via BRDF model image at 15, Jan 2001
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(a) (b)
Fig.a.l. Chl Normalized Reflectance  images via  BRDF

model (a) 15, January 2001, (b) 25, January 2001,
(c) 14, February 2001 and (d) 26, March 2001
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(©) (d)

Fig.a.2. Chl Normalized Reflectance images via BRDF
model (a) 5, April 2001, (b) 15, April 2001, (¢) 25
May 2001 and (d) 14, June 2001
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Fig.a.3 Chl Normalized Reflectance  images via  BRDF
model (a) 13, August 2001, (b) 12, September 2001,
(c) 2, October 2001 and (d) 1, December 2001
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(c) (d)

Fig.a4 Ch2  Normalized Reflectance images via  BRDF
model (a) 15, January 2001, (b) 25, January 2001,
(c) 14, February 2001 and (d) 26, March 2001
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(c) (d)

Fig.a5 Ch? Normalized  Reflectance images via BRDF
model (a) 5, April 2001, (b) 15, April 2001, (¢) 25,
Mayv 2001 and (d) 14, June 2001



(c) (d)

Fig.a.6 Ch2 Normalized Reflectance images via BRDF
model (a) 13, August 2001, (b) 12, September 2001,
(¢) 2, October 2001 and (d) 1, December 2001
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w2 R AFA A A S (NDVENomalized Difference Vegetation Index) <)

MVC(Maximum Value Composites) #¢

L) V) AFe-] R e LAY 128 123

(c) (d)
Fig.b.1. Normalized NDVI MVC images (a) 15, January 2001, (b)

25, January 2001, (c¢) 14, February 2001 and (d) 26,
March 2001
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(c) (d)

Fig.b.2. Normalized NDVI MVC images (a) 5, April 2001, (b)
15, April 2001, (c) 25, May 2001 and (d) 14, June
2001
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(c) (d)

Fig.b.3 Normalized NDVI MVC images (a) 13, August 2001, (b)
12, September 2001, (c) 2, October 2001 and (d) 1,
December 2001
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