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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 vapor pressure deficit (VPD), but overestimated short
wave 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 for 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, EOS)S T%3}7]9 ol=23t}
(Running et al., 1994).

nE- 5] ATFHSAIERE] AL Terradt
Aqua 1F9Ao] ©AE Moderate Resolution
Image Spectrometer (MODIS)ZA], & 36712] &
e 55 A9 we} 1~299] IFHSZ 1000 m,
500 m, 250 me] FXFIFEE FFFTH(Running er
al., 2000). MODISS] EFA}F+= 7|3} (geometric)k
A, Wi radiometric)2A 5] A gl#HS AR
5, Ok garglEs ol 8al 7], s, B S
ejAle] ikt SRS Fgshe dloll ARSEAL Q)
o}, 53], SAEAle] S48 $ske], MODIS
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A=} AFA(Net Primary Productivity, NPP) FAHS-
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ol Sl
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g vgFFoA A|=Z3 Data Assimilation
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(Kang et al., 2005).
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v g0l Algshs MODIS UM AT
FES U 22 F 4 719 AEE FAE
: 8YUZY FA FAAPAA(GPP, g C m? per 8-
days), 847t +4 =333 2Hd (Net Photosynthetic
Productivity, PSNnet, g C m™ per 8-days), 917+ &=
ZHAAINPP, ¢ C m2 y!), Quality Control Flag.
zzte] garelFel g 2HA|gk 27l= MODIS GPP
duElE NS TSt vl ZERiEke] Numerical
Terradynamic Simulation Group(NTSG) 3241 o] A]
A|&8H= MODI17 GPP/NPP User's Guidedp W43l
CH(Heinsch et al., 2003). ¥ AF)*4= MODIS
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FPARE 2120] 573 PARS] HIEEA] 004 19]

S 2t &, Aol F% R EEAVE B
SHE, A5 EARMEE80] BE5E, FAxPAE
Qe Zrleit}. $9 MODIS GPP &alg]&e A&
o] EARrGESC] AAE web ABEE e
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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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3}] MTCLIM =& (Running ef al., 1987y
ko @A, VPDS} RE 43101, MODIS GPP &
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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, °C), (b) daily minimum temperature (Tpin, °C), (c) daily
mean vapor pressure deficit (VPD, Pa), and (d) daily shortwave radiation (Rs, MJ m™= 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 (T,y,, °C), daily minimum temperature (Ty,, °C), vapor pressure deficit
(VPD, Pa), and shortwave radiation (R,, MJ m™ d™') 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.

Tuve Tonin VPD R,
DAO ID
MAE MB MAE MB MAE MB MAE
12 0.0 1.7 0.1 23 128.0 264.4 -0.2 2.8
13 1.0 2.1 0.6 2.9 211.8 2789 0.9 29
14 0.6 26 1.5 33 932 2198 0.1 29
22 15 1.9 2.1 3.0 3777 382.0 -0.4 3.0
23 1.0 18 1.0 2.6 214.6 257.0 0.8 2.8
24 02 1.9 -13 29 3144 360.3 -0.1 29
25 -1.0 1.9 3.9 4.0 2144 290.7 33 40
26 2.0 23 3.4 34 59 2552 4.6 5.0
32 02 1.5 0.7 22 97.6 2446 -13 3.1
33 0.0 1.7 -0.4 2.6 2082 281.0 -0.3 2.8
34 1.1 2.1 0.1 2.9 269.0 316.5 0.6 27
35 03 1.9 2.4 2.8 177.8 301.6 -4.1 45
41 -1.0 13 -1.9 2.1 337 250.9 -5.4 6.1
42 13 18 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 2.8
44 2.1 2.6 1.9 2.9 370.7 375.0 -0.4 2.5
52 0.6 1.7 24 2.9 177.7 2853 45 5.1
62 0.4 14 2.0 23 678 2285 5.2 56
63 -1.6 2.0 -3.8 3.9 80.6 234.0 -45 49
e 0.6 2.0 0.1 28 2487 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, °C), daily minimum temperature (T, °C), vapor
pressure deficit (VPD, Pa), and shortwave radiation (R, MJ m~ d™") from 2001 to 2003.

Month MB MAE
Tavg Thin VPD Rs Tave Tin 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 2.3
3 1.0 0.3 127.7 -1.4 2.0 3.1 198.3 33
4 0.6 -0.3 173.2 -1.8 1.9 32 285.8 3.4
5 0.6 0.2 347.7 -1.3 1.7 2.5 420.8 3.7
6 0.3 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 -0.3 318.3 -0.4 1.6 2.3 401.3 3.1
10 0.1 -0.5 184.5 -1.9 2.1 32 281.3 2.7
11 0.7 -0.1 160.4 -1.4 2.5 35 212.5 2.1
12 1.0 -0.1 81.7 -1.1 2.5 32 140.5 1.9
Mean 0.6 0.1 247.5 -1.0 2.0 2.8 313.7 3.1

T2 053 =R} Fajok AYollA FAE 6.1 th Table 191 AHEld DAO ZAAPE DAO 71¥AME
MJ m? d7 7R A F7EERIG Fig. 2(d)e] 95 o HHAkE B, A giel s A,
Aol B2 FEL A B A B5AE0] T2]al EAAYAA Tyob Twne] 871 A0,
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VPDE A AHA] BF dA7EQlal, Re 4
T BRAGE ALg BE A Helx 7= o).
720 A7 P3ESAel tisk DAO 7VdAtE e €9
TRA+= Table 29 2T} DAO Tnws o352l I}
W71, ALFe AErkEe A B
VPDE EE 99 J}Zﬁ%ﬂ-ﬂ?}\_—ll, o =4

Al =i
a1

ol I7slaL ALH EolE
BE gl FgrEgla, 1 A=

ot R 78S A3
B 7kl =
3 A5 Agol AR Fol=x e Vel
t}. g DAO X}EA ANOAE B, T2t Toin
o] A9 ALH E3 AFH Hole IS,
VPDS} R 735+ azd_oﬂ 3 ALl eAp7h

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 Lo 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]
733 (-02,04) A (0304) £X(0.1,04)
- 7 (-03,04) w1 (0.1,04)
373385 =3 (N/A) 735 (N/A)
A& (N/A) F3 (-0.4,0.7)
£3(-0.9,09) <A (-0.2,0.5)
[-0.2,0.3] [-0.3,0.4] [-0.6, 0.6] [-1.5,1.5] [-1.6, 1.6]
1A (N/A) AF(-03,04) °3¥€ (07,08 A (-1.1,12) %5 (-1.6,1.6)
AMAE(02,03) € (-01,02)  <FE(-07,07) 49 (-18,1.8)
36.5-37.5 F(-0.5,0.5)  ElW (-0.5,0.6)
F(-0.1,03) A 4 (-0.3,0.4)
ok (-02,03)  £3}(-09,1.0)
o] A (-0.2,03) ¢35 (-0.4,0.5)
Hek (-04,04) 7 (-0.4,0.5)
[-0.2,0.3] [-0.4, 0.4] [-0.6,0.7] [-0.5,0.5]
FAE(0.0,0.1)  dA (N/A) ol (N/A) 3} (-0.5,0.5)
2 (-0.1,0.2) Z (N/A) 22 (N/A)
ok (-02,03) AF(-03,04) A (-0.7,0.7)
35.5.36.5 A5 (-03,04) H(-03,03) Fw ] (-0.8,0.9)
B el (-03,04)  <3F (-0.4,04)
4 (-03,03)  &A (-0.6,0.7)
Al (-0.5,0.6)
A4 (-0.5,0.5)
A% (-0.5,0.6)
[-1.9,1.9] [-0.2,0.4] [-0.5,0.7] [-0.5, 0.9]
FAF(-19,1.9) EX (-0.1,04) 35 (-0.6,0.6) wHAF(-0.3,0.8)
A (-03,04) 5 (-0.6,0.7) FAF(N/A)
A5 (-03,04)  F°(-0.2,0.9)
)2 alo
34.5-35.5 44 (-04,08)  HF(LLLI
<A (-1.0,1.1)  AA (-0.4,0.9)
7% (-0.4,0.8)
IZ (N/A)
AHA (-0.1,0.5)
24 (-0.5,0.6)
[-2.0,2.0]
33.5~34.5 DX (-2.0,2.0)
AT (N/A)
[-1.1, 1.1] [-1.7,1.7]
32.5~33.5 A (-0.9,09)  AAF(-1.7,1.7)

A9 (-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 gC m™ y™') to maximum (2.0 gC m™ y™)
values of MAE and background map is MODIS Land cover.
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ig. 5. Scatter plots between meteorological errors and GPP errors: (a) and (d) for daily minimum temperature (T, 0C); (b)
and (e) for daily mean vapor pressure deficit (VPD, Pa); (c) and (f) for daily short wave radiation (R,, MJ m™2 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).
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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.

NWS  DAO

GPP GPP MB MAE
ENF (63) 1062 1489 -1.17 1.31
EBF (39) 1349 1730 -1.05 1.29
DNF (3) 1488 2195 -1.94 1.96
DBEF (66) 986 1151 -0.45 0.68
MF (924) 1020 1345 -0.89 1.04
Shrub (72) 771 9438 -0.49 0.62
Savanna (303) 705 864 -0.43 0.54
Grass (45) 808 628 -0.49 0.58
Crop (1119) 582 675 -0.25 0.35
Total Average (2634) 790 990 -0.55 0.67

181

gC m? y!, DAOGPPY] 7% 628(Grass)~2195(DNF)
gC m? y'o] HSE HAtK(Table 4). ZE EX|TE
fr&@ell sl DAOGPPE= NWSGPPo| HIs| =2 %k
= H3om, GPP @2k= A oR AHd EA9
EFolx A FoE7FETH0.68~1.96 ¢C m™
d™). of= Aol ApAeh= Hlgo] of 65% Eoh=
Syele] ZA$ol= DAO 7VIREES o)&sl GPPE
TG AT, 48T 2 BT 5 JeS BAE
oh YEE, Table 49| Zdollx] f2uke}t AHelA
&3] Yely+= FE3 95 (Evergreen Needleleaf
Forest, ENF)9} &8 (Mixed Forest, MF)2] 7-$-oll
DAOGPPE= NESGPPE 247t 40%9t 32% =7}
TS L o

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™ 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); (c) Croplands; and (d) all of vegetation biome types.
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