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ABSTRACT

In order to monitor the global terrestrial carbon cycle, NASA (National Aeronautics and Space
Administration) provides 8-day GPP images by use of satellite remote-sensing reflectance data from
MODIS (Moderate Resolution Imaging Spectroradiometer) at 1-km nadir spatial resolution since
December, 1999. MODIS GPP algorithm adopts DAO (Data Assimilation Office) meteorological data
to calculate daily GPP. By evaluating reliability of DAO data with respect to surface weather station
data, we examined the effect of errors from DAO data on MODIS GPP estimation in the Korean
Peninsula from 2001 to 2003. Our analyses showed that DAO data underestimated daily average
temperature, daily minimum temperature, and daily vapor pressure deficity (VPD), but overestimated
daily shortwave radiation during the study period. Each meteorological variable resulted in different
spatial patterns of error distribution across the Korean Peninsula. In MODIS GPP estimation, DAO
data resulted in overestimation of GPP by 25% for all biome types but up to 40% for forest biomes,
the major biome type in the Korean Peninsula. MODIS GPP was more sensitive to errors in solar
radiation and VPD than in temperatures. Our results indicate that more reliable gridded
meteorological data than DAO data are necessary for satisfactory estimation of MODIS GPP in the
Korean Peninsula.
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Observing System, FEOS)S F=3}7]o]| ol=mit}
(Running et al., 1994).

FEFTe] ATAFALHY B4 Terradt
Aqua 15974 &AE Moderate Resolution Image
Spectrometer (MODIS)2A], & 3671¢] E3hll= x}
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Urt.

MODIS®] GPP ¢ilE]&e 459 Wolx] g
FEol|l UZe Penman WA 712E Fi Stk
(Heinsch er al., 2003). GPP 3L 9aid 71AkA}
B, GRSASLAD, S FHIRERA Fre
(Fraction of absorbed Photosynthetically Active
Radiation, FPARY I3k AJAIE A5} EX|3]E9
8 2 2% (biome type)l WE AWEEH B
ol gk R JEAtE 2 ARE. o] F 71
B& UgFEFFoA A&F Data Assimilation
Office (DAO) 7ALEE ©]83}, LAIL FPAR, E
A|9E-L MODIS®| ARE AMSHES FHATH
(Kang et al., 2005).

@Al MODIS ALY 289 AFEE Bt
371 1% thdg =¥ Eo] WH I vk(Cohen
and Justice, 1999; Morisette et al, 2002; Myneni
et al, 2002; Kang et al, 2003; Tumer et al., 2003).
MODIS LAY LxelZe off 7] Sl
oARS PR QU7 wpRol, olF expagle
ARk, YIRS Ashs B FHHOR Uu

FE e R wo) AlEAY w8 AR At
2E vhEo]l ¥ Far} dtkKang er al, 2005;
Zhao et al., 2005). 2281 A Ho} UdPAE
2RY shs eapel daE|lge Ry Wske
QAR o] A 4 Qiok. ¢arEEY] W %
WAL A AR PEaEs] oxacke

AL oW T

Aalal, AAsk: Wk A7 Bt ok 53
MODIS YA Aatol] AREEE DAO AEY
A, AE 12559 9= 129 Wi AN AR
T2 7R 7150, el o) Abdo] uitlel A
8 A3t XA BRAgE AHEAAE 7H XA
= 739 nAIg FxhH0lE FE3] wkgEldl viE
sttty wdEn. vdARts ] BE44S MODIS
GPP Alxtel] 29421 43S vXA HE=Z, MODIS
GPP AR5 gh=e] S/ Al 2-8317] 93,
FARETE DAO 7PdAtEe] BEE4Ade] sk
MODIS GPP 235 Baigto 24, k& nrl ghakgl
Ay 7PIARE el DAO 7VIAIEE Ui
daAol AeTHE Hristeor gt

& A7e s 7o) APEaSAe AEgAt

& o]83)], shiwolire] DAO 7P3AtEe] AFEE
Hryalal, A&7 A% MODIS GPP9}
DAO 73A}gel] A3 MODIS GPPE Hlmgo s
A, B3I x AFSH= MODIS GPP A=&
o] A EE st gt} B dve 7PdAE
FErs A8k dol 38 FU71el, MODIS
GPP9] Al tigh FF21 HHE He)rldls 7
FIEZ, o|F 98] FF FHENE o188 8%
=4, A3 GRS o83 2AYY 7]
M T & IE AKHE 8] k2 AY
ojct.

II. X2 o ghe

2.1. MODIS xPMY tna|&F

nE- 2ol 4] AlEsk= MODIS EXHEAHE 2F
ZES e 22 % 4709 A2 7AEE] ok
897 74 FUAYAHE(GPP, gC m™? per 8-
days), 847t 72 3R (Net Photosynthetic
Productivity, PSNnet, gC m™ per 8-days), 997} =
ZRYAPI(NPP, ¢C m™ y), Quality Control Flag. Zt
Ze] gaejgel gk AAg AvlE MODIS GPP
daelE NS ©Ee vl EERUEHe] Numerical
Terradynamic Simulation Group (NTSG) G-7H A
AJF8R= MOD17 GPP/NPP User's Guide “+&Flth
(Heinsch et al., 2003). ¥ A7)x= MODIS Y3}
A el B8 5, 7P 712AR1 ARA S
Fele FLRMIAI(GPP) AEE ] B4R AT



Kang et al.: Errors of MODIS product of Gross Primary Production by using Data Assimilation Office... 173

Zolth, MODIS GPP= 4J89] BAREEEC] 712
E AL oA 1)

GPP = [¢]X[FPAR - PAR] )
€= [gmax ) f(Tmin) ) f(VPD)] (2)
PAR = [0.45 X Ry 3)

A7 2 &9 HAFALE G 8 (radiation use
efficiency)0 |9, o= HNEARIEES T YA
A 7], VPDE Ex}, R AAGutUAL ko,
FPARE 21Eo] &3 PARY HIEEA 0ollM 19
HE et &, AE0] F% FRAREFAPT B
STE A B BARIEE O] HSTE AN
Ao ZU13ich 9 MODIS GPP €ilg)&e A&
o] BARME-EEC] AAYo)] webd FHEE e,
TuZt VPDel o8] ZAECka 714802 2] 97]
Al PAR= 9EHo & RO 45%0) sgiidal 71
FTH 3], 9, T2 VPDOl whEbd 7182 i
7} ARse 4%, 3RS 7 A8ukeale AMSS

o2X, 7VdEAd met EARREEEC] Nk (ena)

ANA 07kA] HEshE e BARI A ()9
FPARE MOD15 FPAR/LAI AFEEoA] AFEn, 4]
@) Tum, VPD, 21 (3} RE A% 42 1255
9} 159 TS 717 DAO Y7 1AES ARSI}
A 29 enat Tom VPD 59| 7130HE Z%s}
< 743l3t JAX 5L BPLUT (Biome Property
Look-Up Table)2] 243l we} 2AH 53k 4
83K Heinsch et al., 2003). 1

2 () 2 GG guEEe v et
Fejo] AEY Y wF@og ks 7T ok
6 R 8 e 2¥o] wesla, dExs ¢
28] 7t A7) Wil R go] folsiths Ao
o} wbA, AR FESE 2 HolekErt, Mt TR
AA Tl &84 AE8E 4 Atk AAE MODIS
GPP HaE|5 AT 1] GPP AAIE HHo2
R AHRunning et al., 1994). ¥hddl] o] 7
Z7} stk RS B9 42 a], Al
AEsty B4 Gol AUZ wrd=R] Z3th= e
7R AL k. webr] RS540 Kot gk GPP 3
L s BPLUTO] F3E E5gks Adrista,
BT} g YEAEE AFste] Gpp Akt A8
dart o, Ao meld gargjEe] sidde] 4

L2351t} d#E= MODIS GPP ¢8]Ze Jdxao]
& Fxgldles S, ESTET 2ol BARKL
BRSO S VA= FoF SHERTE ALBIEHK
LU WA BEGEe] Bl AzshA] odEE
Aol e, EFFEY] S 9T 5= xS
2o dneF 7o) et

=

22. 97X o J|MKtRS] £

DAO ¥714At=<l A4S Hri3ta MODIS
GPP 7Allel vlAlE e Hrlsl] g, @ A
o £23 5 72749 A PdeEas driNY

S35 nojEd.
7183 Esljo)xelM AlFdhs 4 A iuEa
2001355 200337k A 7VIRlE & A9

(Tag BHLT (T, DHAATE(T), 5
(PRCP) 452 AHg35i). o] ARE YR A}

o o

Fig. 1. Spatial distribution of National Weather Stations
(points) and boundary of DAO pixels (solid lines). Spatial
resolution of DAO pixel is 1.25 degree in longitude and 1
degree in latitude. Background map is MODIS Land cover.
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Fig. 2. Scatter plots of annual means of meteorological variables between weather station (NWS) and DAO data from 2001
to 2003. Meteorological variables are (a) daily mean temperature (T,y,, °C), (b) daily minimum temperature (Tris, °C), (c) daily
mean vapor pressure deficit (VPD, Pa), and (d) daily shortwave radiation (R, MI m2 d™).
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Table 1. Comparison of DAO meteorological data with weather station data for each DAO pixel: mean bias (MB) and mean
absolute error (MAE) of daily mean temperature (Tgy,, °C), daily minimum temperature (T, °C), vapor pressure deficit
(VPD, Pa), and shortwave radiation (R, MJ m™ d™h from 2001 to 2003. Here, MB is subtraction of weather station data by
DAO data and DAO ID is combination of numbers of row and column in Fig. 1.

Tasg Toin VPD R,

DAO ID
MAE MB MAE MB MAE MB MAE
12 0.0 17 0.1 23 128.0 264.4 0.2 2.8
13 1.0 2.1 0.6 29 211.8 278.9 09 29
14 0.6 26 1.5 33 932 219.8 0.1 29
22 1.5 1.9 2.1 3.0 3777 382.0 0.4 3.0
23 1.0 1.8 1.0 2.6 2146 257.0 0.8 28
24 02 19 13 29 314.4 3603 0.1 29
25 1.0 19 3.9 4.0 2144 290.7 33 40
26 20 23 3.4 34 59 2552 -4.6 5.0
32 0.2 1.5 0.7 22 976 244.6 -13 3.1
33 0.0 1.7 0.4 26 208.2 281.0 03 2.8
34 1.1 2.1 0.1 29 269.0 316.5 0.6 2.7
35 03 19 2.4 2.8 177.8 301.6 4.1 45
41 1.0 13 -1.9 2.1 337 250.9 54 6.1
42 13 1.8 1.9 3.0 358.1 364.7 0.8 3.1
43 1.5 2.1 1.0 2.8 458.6 4623 -0.1 28
44 2.1 26 1.9 2.9 370.7 375.0 0.4 25
52 0.6 1.7 24 29 177.7 2853 45 5.1
62 0.4 14 20 23 67.8 2285 5.2 56
63 -1.6 2.0 3.8 39 80.6 234.0 45 49
Mean 0.6 2.0 0.1 2.8 248.7 3148 -1.0 3.1

Table 2. Monthly mean bias (MB) and mean absolute error (MAE) of DAO meteorological data with respect to weather
station data for each meteorological variable: daily mean temperature (T,y,, °C), daily minimum temperature (T, °C), vapor
pressure deficit (VPD, Pa), and shortwave radiation (Rg, MJ m= d~') from 2001 to 2003.

Month MB MAE
Tavg Tuin VPD R Tavg Tuin VPD R,
1 0.6 0.2 68.1 -0.2 2.6 3.6 115.5 22
2 0.2 -0.6 96.7 -0.5 2.0 3.0 145.3 23
3 1.0 0.3 127.7 -1.4 2.0 31 198.3 33
4 0.6 -0.3 . 173.2 -1.8 1.9 32 285.8 34
5 0.6 0.2 347.7 -1.3 1.7 25 420.8 3.7
6 03 0.5 374.1 2.1 1.5 23 456.9 4.0
7 0.8 0.9 595.0 0.7 1.6 2.1 605.6 4.6
8 0.5 0.5 4429 -0.6 1.6 2.0 500.3 39
9 0.4 -0.3 3183 -0.4 1.6 2.3 401.3 3.1
10 0.1 -0.5 184.5 -1.9 2.1 32 2813 2.7
11 0.7 -0.1 160.4 -1.4 25 35 2125 2.1
12 1.0 -0.1 81.7 -1.1 25 32 140.5 1.9
Mean 0.6 0.1 247.5 -1.0 2.0 2.8 313.7 3.1

= u] §_ AR FEIQE AGelM AT 6.1 T Table 191 A3 DAO AAPE DAO 7VIAIE
Ml m? d' 7] #df BZHEJTE Fig 2(d)9] 95 o HEAE BY, AdE B BT 5RAS,
&l v‘i’— F FEL =A B A #5802 =AY TS Tl J%EH%?}H%L@%,
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Table 3. Mean bias (MB, gC m™ d™') and mean absolute error (MAE, gC m™ d™") of GPPs, which were estimated with

weather station and DAO data, respectively. ( ) and [

] show MB and MAE during 2001-2003 for each weather station

and DAO pixel, respectively. N/A indicates that MODIS GPP was not estimated for all of 5-by-5 pixels around the weather

station because of no vegetation land cover types.

Lat Lon. 194375-125.625 125.625~126.875 125.625~126.875 128.125~129.375 129.375~130.625 130.625~131.875
[-0.2, 0.4] [-0.5, 0.6] [-0.1,0.5]
743 (-02,04) A (-0304) ei 0.1,0.4)
o E5(-03,04) T 0.1,04)
37.5~38.5 24 (vim) E (NA)
A& (N/A) %3 (-04,0.7)
23 (09,09 Al (-02,05)
[-0.2,0.3] [-0.3,0.4] [-0.6, 0.6] [-1.5, 1.5] [-1.6, 1.6]
1A (N/A) HFF(-03,04) 99U (-0708 SA(LLL2) L5 (-1616)
AMAE(-02,03) Y€ (-01,02) F (0707 99 (-18,1.8)
- 3 (05,05 € (-0.5,0.6)
36.3-37.5 HF(-0.1,03)  AA (-03,04)
ok (-02,03)  %3(-09,1.0)
o] A (-02,03) IF (-0.4,0.5)
A9} (-04,04) F7(-04,0.5)
[-0.2,0.3] [-0.4,0.4] [-0.6,0.7] [-0.5,0.5]
F4H(0.0,0.1) A ANV/A) o (N/A) X3 (-05,0.5)
2#(-0.1,02) FF NN/A) £4F (N/A)
ok (-02,03) AT (-03,04) A (-0.7,0.7)
35.5~36.5 AH(-0304) H2(-0303) T7(-0809)
Hed (103,04)  3F (04,04)
FA(-03,03) A (106,0.7)
P4l (-0.5,0.6)
A4 (0.5,0.5)
A3 (-0.5,0.6)
[-1.9,1.9] [-0.2, 0.4] [-0.5,0.7] [-0.5,0.9]
EAF(-19,19) EX (01,04 FHF(-06,06) THi(-03,0.8)
3 (-03,04) 406,07 FAFQVA)
v A5 (-03,04) E°J (02,09
- T4 (-04,08) HeF(-1.1,1.1
343355 3 %—1.0,1.1) A A (-0.4,0.9;
A5 (-0.4,0.8)
aLE (N/A)
A4 (0.1,0.5)
@3l (-0.5,0.6)
[-2.0,2.0]
33.5~34.5 2% (-2.0,2.0)
A 5 (N/A)
[-1.1, 1.1] [-1.7,1.7]
32.5~33.5 AE(0.9,09)  AAH(-1.7,1.7)

A (-1.3,1.3)
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Fig. 3. Maps showing distribution of three-year mean absolute errors (MAE) between weather station and DAO data.
Meteorological variables include (a) daily mean temperature (T, °C), (b) daily minimum temperature (T, °C), (c) daily mean
vapor pressure deficit (VPD, Pa), and (d) daily short wave radiation (R;, MJ m™ d™'). Minimum, maximum, and mean values
of MAE were provided at the lower-right corner of each map. Size of each circle scaled from the minimum to the maximum
values for each map and background map is MODIS Land cover.
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Fig. 4. Maps showing distribution of three-year mean
absolute error (MAE, gC m™ y™) between NWSGPP and
DAOGPP for each station. Size of each circle scaled from
minimum (0.1 g€ m™2 y™) to maximum (2.0 g€ m~> y™)
values of MAE and background map is MODIS Land cover.
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Fig. 5. Scatter plots between meteorological errors and GPP errors: (a) and (d) for daily minimum temperature (T, °C); (b)
and (e) for daily mean vapor pressure deficit (VPD, Pa); (c) and (f) for daily short wave radiation (R,, MJ m2 d™)). (a), (b),
and (c) are scatter plots for all of 61 weather stations, while (d), (e), and (f) are scatter only for inland weather stations except
coastal and island areas. Solid lines are linear regressions and R? is coefficient of determination (p<0.05).

7—} 257 o)) gk AlrATE EXTEF et

R3] A #4g A= Table 49 Fig. 67
@:}. z} EXIERH 3 A2 Table 40 7]
Sk =4 B EE w8 e B A9
SHTHE FAo] 42%). Table 45 HH HlwE Hx
ke 303719] HAlo] SavannaZ EFEHUSS & F
=, Savannas WE-s} 290 A YERE T

Byos §Fe] A9 W =¥ B2 Ak
A B B4oA Savannas EAIZLONA &3] E
& Qe o] e Fud & Eo vy 2 we
| slzssh @l ehde AdoR dgsm, 9%
TS B Rl ojor drt
EX9Ee] m& H3t GPPE NWSGPPY| 79
582(Crop)~1488(Deciduous Needleleaf Forest, DNF)




Kang et al.: Errors of MODIS product of Gross Primary Production by using Data Assimilation Office... 181

Table 4. Mean GPPs and error statistics, mean bias (MB)
and mean absolute error (MAE), between NWSGPP and
DAOGPP by biome types. Value in parenthesis is number
of pixels of each biome type for all of 1-km pixels around
weather stations.
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ENF, Evergreen Needleleaf Forests; DNF, Deciduous
Broadleaf Forests; DNF, Deciduous Needleleaf Forests;
DBF, Deciduous Broadleaf Forests; MF, Mixed Forests;
Shrub, Shrublands; Savanna, Savannas; Grass, Grasslands;
Crop, Croplands
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Fig. 6. Biome-specific scatter plots between three-year mean NWSGPP and DAOGPP (gC m™2 y™') for pixels of 61 weather
stations. Figures show scatter plots for (a) Mixed Forests (MF); (b) Evergreen Needleleaf Forests (ENF), Evergreen Needleleaf
Forests (EBF), and Deciduous Broadleaf Forests (DBF); (¢) Croplands; and (d) all of vegetation biome types.
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