Korean Journal of Remote Sensing, Vol.27, No.4, 2011, pp.467~480
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Abstract : Spatial and temporal variabilities of NPP(Net Primary Production) retrieved from two
satellite instruments, AVHRR(Advanced Very High Resolution Radiometer, 1981-2000) and
MODIS(MODerate-resolution Imaging Spectroradiometer, 2000-2006), were investigated. The range
of mean NPP from AVHRR and MODIS were estimated to be 894-1068 g + C/m*/yr and 610-694.90
g - C/m*/yr, respectively. The discrepancy of NPP between the two instruments is about 325 g -
C/m’/yr, and MODIS product is generally closer to the ground measurement than AVHRR despite the
limitation in direct comparison such as spatial resolution and vegetation classification. The higher NPP
values over South Korea are related to the regions with higher biomass (e.g., mountains) and higher
annual temperature. The interannual NPP trends from the two satellite products W:Apomputw, and
both mean annual trends show continuous NPP increase; 2.14 g - C/mz/yr from A (1981-2000)
and 6.08 g - C/m?/yr from MODIS (2000-2006) over South Korea. Specifically, the higher increasing
trends over the Southwestern region are likely due to the increasing productivity of crop fields from
sufficient irrigation and fertilizer use. The retrieved NPP shows a closer relationship between monthly
temperature and precipitation, which results in maximum correlation during summer monsoons. The
difference in the detection wavelength and model schemes during the retrieval can make a significant
difference in the satellite products, and a better accuracy in the meterological and land use data and
modeling applications will be necessary to improve the satellite-based NPP data.

Key Words : AVHRR, MODIS, satellite, NPP, biomass.

f9F : B d5= AVHRR(Advanced Very High Resolution Radiometer)®t MODIS(MODerate—
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Ao oF 325 g+ C/m%/yr & Ao|E Holu Yt} A= 59 HJol} lovt A4 B&T} uwet A}
MODIS AlA o] o3t B&o] Het 233 Auks Hol: A o2 yehyth JA#&AR B443 NPP
= A9 Bt g2 AR 9 ARET)0] 2 A g E A o= vhyth F e AR
A2 & YABATFE B ARSI tha FR)9 247 47k A A H A8] F7FLL e AR VR
o 1981-2000 52 AVHRROIA ol 4 2.14 g - C/m?/yr, 2000-20064 5t MODISOA vy
B 6.08 g - C/m”/yr T Z7HH). 3] GAFe NG = QUS4 BE & ARPATY] 2
P AHA SR ot EX| 0 x}Eg} f2Ad I olfre = - 59 Wt v RARE ol o3t w2 E

o A Fhot WAL Q= Aol
Aoz Felwgion] S8
T 9iek. NPP Hehgte] o] ojolx

o}, E=3 33 B AslE & Az AAERe
EXNE & ngsor & Aolu},

LAE
= YAAAKF (Net Primary Production, NPP)-&
A= e B3t 7] 29 olAlster
= Algo] FS i‘ﬂ olilsteta s
Sty "g’?}s}% 7189 THE F L4
(Gross Primary Production, GPP)o|2} 81l o 7}ej
A A1Ee] TZo) ot {7159 418 W Ao] NPPE
Ao}, A8 3FoE Aile] AFS %x]s}h
%% (Maintenance Respiration, Ry AR&S 8t
gato] A= 5 F (Growth Respiration, Rg) ©|
Aem oj59 3 A719YA 5 E(Autotrophic
Respiration, Ryt F@3Ic} E3F T E o= A&
HHolu £2 7H2] Fo J3) nlAEe] BEo oAt
JE2E YA E B L 249F3TF
(Heterotrophic Respiration, Ry)2}aL 3kt}, o]} Zbo]
NPPE AH4le] TFof 2ol kg wjiL AEAF o]
AREE FE 7HE AN Bagx EL
NPPol9jo|= & AJej AL e (Net Ecosystem
Exchange, NEE) 2% #3Hr} NEE:= NPPoJA
R # gho] of= Aol 4] & Bager] o) Raa
ASETHEE S 9, 2008). BAR9] 2E} B
N & APAE A= FR2 FA AY —765P
7= ]%" HHog 57]_5}7] Tf-Eof H’H o= A

,
&5 &3l

A5 %%-:g_ - ek, o19A 9 B0 o

FET NP 9 34 2 Hi7|20) DG WAV 9l
BHo09| 0§ BEAZ|oA 25 7120 BE 1Y 2 ATUAS Hol
WA B8 &
FARY BYSE FE TP 5 4R By
& AN 9P BRI A 1 AR D wek BaHe

Eol 7ol
02 AR

A A 7150 20ke] ATA
2 B3l =] Zfolo ofs) MASHE R

AAYAEES] BEL AN FRY A4E o] 7l
3lths A7o] 9lthZhao et al,, 2006). £ A4 =

AVHRR(Advanced Very High Resolution
Radiometer)®t MODIS(MODerate-resolution
Imaging Spectroradiometer) 9G4S L-8-3}0] 1981
W7 26\7F et A F9] NPPE 248191 ‘:P 24
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1) AVHRR QARIZ0] & QUxpsates

(0= MMM s

o) =8| g 712 =+ (National Oceanic and
Atmospheric Administration, NOAA)9] =4 & 914
2l AVHRR %43 GloPEM (Global Production
Efficiency Model) 2&-& 719t0= (http://ftp.glef.
umd.edu/data/glopem/) AAE XNZ2E Aot
NPPE 43171918 AVHRR Al49] Wi=1-2(0.58-
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110 pm)ol| A 7RAPEALEE 220 o] WhAbg-S B&3)
L, M= 4-5(10.30-12.50 pm)ollA A E7|&EK)S
&5t GloPEM 1987W 1)+ Maryland T3t
off olaf A A7 NPP2} GPPE AM&sl7] i3t 24&
7R3 i), o] Hunt et al, (1994)2] =4
AT da2|E A A A re] Azt 3 &
AR 4G Bt 7| Hek YRFe) g
& Wtk o]2A 1AS AR A ()-@E S5k

AxrsHEtHHunt et al., 1994).

& pe 4T o

APAR = FPAR X PAR )
GPP=APAR x ¢ %)
Ri=Rn X Ry X R, 3)
NPP = GPP X Ry @

A0 B FAEA 4 (Fraction of
absorbed Photosynthetically Active Radiation,
FPAR)#} 3335854} (Photosyntherically active
radiation, PAR)S 8o} Ao S FAGE
EXAFF (Absorbed Photosynthetically Active
Radiation, APAR)Z AXFSIETHA 1), YAAYARS
ShollAf Aitet APARTH Wl o]-8- 5% g € (Light Use
Efficiency, LUE) 223 ¥ 13l A7t 23 & A4
AFES AXTBIGTHA] 2). 7104 el 4R S50l 2
E3i FeA & $89 BIOME-BGC
(BioGeochemical Cycles) el 2 &2 AR A=)
t}h (Thornton et al., 2002; Turner et al., 2003). 4]
o] AHilE RAIBEL AgAe of AlAe] 3 Fof o=
= A HE-2 Ry (Fractional Respiration) & e}
WATHA] 3). FA5E Rp A& AAH A=
Hunt®] B4l s A4= et (Prince and
Goward, 1995). 2|1 JAEE Rg(Growth
Respiration)}2 0.752] A=o|® (Hunt et al., 1994),
7| 2B A A Temperature Correction Factor, Ro=
7] 9 7123 A\en] 7]29) xpo|ZHE] ALbHTE
(4] 3). 123l NPP= GPP2t R ote] AARITHA]
4). GloPEM A&+ NASAS] A FHstAtE A E 9l
Goddard DAAC(Distributed Active Archive
Centen)olld| 14 BAF 23 481 A5 L
AA ZEHY, A3l th2d Z2te] GloPEM¥

Net Primnary Production Changes over Korea and Climate Factors

S50 Ao AR QItHGoward et al., 1994; Prince
et al, 1998; Goetz et al., 1999). GloPEMY] At&&
2 YAHE 719 wet 10497 NPPE &994 ¢
(Julian day)2 UYeP %3 A7 54 NPPE A4S
t}, 1981-2000¥ AVHRR A29] 3 =E 8% 8 km
olt}, GloPEME Bt 36%+ ZAZZ(Missing value)
& 7A=Y o] AVHRR 3t 7§2] AlAjo|A] tha=9] W
FE5 H7RY] 2ol E4% 94 sk 1
A 52 gt exp7F WA 422} (1, interference
error) AHE9] 12| E8 IAo A AR o3k o3¢
2 AVHRRO| @#e]d HE L3}z QI3 7jA1% £A
7} iAyste] g2kt JEol AlghE A9 (2)o)tt (Prince
and Goward et al., 1995),

2) MODIS $1dXt=2f = ARMHAZE

(0= 2EfLt o)

Terra §442 AFHEA| 28 (Earth Observing
System, EOS)Oll A ZJto]l that o]sje} ol 582 &
AA7171 Sle 2 E AuTkel Faste] At A |
A 9)4olth (http://terra. nasa.gov/). 19994 1249
HhARsto} 200007 E 5t A4 BUERE 5
3ygic} 29 =AMl 2= MODIS, ASTER(Advanced
Spaceborne Thermal Emission and Reflection
Radiometer, Japan), CERES(Clouds and the Earth’ s
Radiant Energy System), MISR(Multi-Angle
Imaging Spectro~Radiometer), MOPITT (Measurement
of Pollution in the Troposphere, Canada) 5°] 212
), Y 10:30 24 A= FAHNA HE HolgE A
$31t}, Terra Y/8A=E 705 km 1R £55° 9
AHES FAA Y AFHORZ oF 9330 kmo BZES
7H1 g2golet, MODIS $#5717= vlds-¢-5=
(National Aeronautics and Space Administration,
NASA)Q| A #& A4 Terra®t Aquadl 24 &
Azlo} U= T8 S AlA o)Al st 52 E di7jo]
B%E A go] 7Hed thed £4E Zh=th 2000-
2006112] NPPi= MODISAIAIE A3t MODI7 &3l
&2 8-831th (Heinsch et al,, 2003). MODIS Al
HE 36709 E(0.4-14.4 pm)E A=Y 7] g4
T 250 m (HE 1-2), 500 m (ME 3-7), 1 km (48
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8-36)2 TR GAE FRske] A x| T
W3 KA 7| 2R, EXHE 15 ooigE 3
5% ARE § HET YAREES AESIYT MODIS

golde= ti7)deiel o2 Xejdnte] A4 yus
QJE% = QCQuality Control) #lo]o}= 3+ A|3-s}
of shaghol tigt A4S Yeheh &A% ¢,
2009). & A-oflA AHEEH MODIS A&+ o]
Montana ™3 NTSG(Numerical Terradynamic
Simulation Group) #7%le] 23 E-218F MODIS/
Terra A=& AM-8F Chhttp://ntsg. umt.edu/data).
T12]31 MODIS ¥atefss §3l 8U7ke] GPPi} 44t
A AEES el PsnNET(Net Photosynthesis)
& Altet @9l g - O/m’/8day 2 Ve o] &
TEE2 A7t 2 GPPe NPP QIASE A4rsHe o]
o] AHG-ET}, o] YarE]EL HlLet EX|9} R )
Z28o A NPP= Aol G5 A G A=A
(APAR)O] MBTAE ZH=the= o2& nigto 2 7t
5215 (Montheith, 1972), o= Ae AN £ 49
2 E/\]'Ol"t.‘ BIOME-BGC(Running and Hunt, 1993)

32 7|8h0 2 EA g E(Land Cover, MOD12), A4
4 FH AR AEA F8 FPARMODIS), U A4
LAI(Leaf Area Index, MOD15)E £3) &322 2144
BE AFskm NPPx= 4] (5)-(1)2} 2Fo] Absisct,

O

GPP =eX FPAR X PAR (%)
PsnNet=GPP -R,, ,, (©)
365
NPP = 3}, PsnNet— (R, + Ry) @
1

o7joflA LRYAREE A4 9] FPAR % PARS} 9]
2w AAkgct, A1A19] FPARS 0-1 Abo] g
zreth 12)1 33HA PsnNet GPPOA] 93t )4
#elo] §A)3 % Ri-w)& WA AARBICHA] 6), 7]
A & Z5FE AR Eﬁoﬂ EFe oy

=9 /7188 -E'rﬁﬂﬁ oikeItaE WEoh: R

2ot &%

g2
7] $fsto] A4 EFH(Biome type) FAAH w2
o A% BPLUT(Biome Proerties of Look—Up
Table)®] 4 4744 X A& o8-t Aksteict
(Heinsch et al., 2003). MODIS ¥il@j&o] AMg-E=
714 dlolEle NASAS] DAO(Data Assimilation
Office)(Atlas and Lucchesi, 20000914 &3t A&

ojtt, MY #&3h= 7IHolHE AXZIO R 9)Hs)
o] ORNL DAAC(Oak Ridge National Laboratory s
Distributed Active Archive Center)o]A GEOS-
DAS(Goddard Earth Observing System Data
Assimilation System) Al 2" & & &3} 9
GCM(General Circulation Model) & 7|4} 2] AR
=1 AA 220& At tHAtlas and Lucchesi,
2000). ST E 1 x1.25° o)1 MOD17 ¢atel&
oiE HA1E, B2, e, A4 5719 Actual
vapor pressure, AVP)3} B+t 5714 (VPD)It & tot
HAE(Shortwave radiation, SWrad)e] MODIS &
oSS gt 4= o= AMRE I (Heinsch et al,
2003).

MODIS NPP9] gloll 24 g3k& 9= MODISY &
AA}AYA ARMOD 17 GPP)E Holulg]7} 1149
3870 Bt 94 BEGEEC] o) A5 ArHHeinsch
et al., 2006). 523 MODIS A&7} oF 20-30% H
ol Fheg 7t shal QAR FuAS 0.859+0.173
2 E1 AR 24%2 ALt} 2179 AlFwr}
AA = ZOIE} £ Aol AE 2000-200619)
1 Yapatgoln T s 0.8%0.8
km94 AES AT Table 1914 & A0

HRE NPP 22 59] 7125 vEhlal Sl
5 ] of%t A1 o) B2 914719 NPP A}
B2E HYste vl 78 & Aok 24 F shutolot, £

Table 1. Description of AVHRR and MODIS data

A4 | AN | AeE | gudz | 3= [dgdeld | An [
NOAA | AVHRR GloPEM 8 X 8§ km 20 1981-2000 | Univ. of Maryland
NPP MOD17A3 Univ. of Montana
Terra MODIS (Version 005) 0.8 X 08km 7 2000-2006 (NTSG)
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Aol AHGH AR BAA] FEIAS AAsta 7
2I4) FHo| 7 ExEo] 10| gl WAl 7}
(GPP 3-2 FPAR/LADS thAl AM&-3199tHHeinsch et
al,, 2003). A717 50| EAel= H9 oA
e 2 gho 2 giAskgich debs FEEA sk
EUARS] QA= Az og Ar)

3) 714Kz L EX|n|E:
= A5 sl T EE AT

AE ARE YRR F THRIUS Tl
ASARZ &390k o] A7 48 74 A4
WS4 7570041 1971-200049 Ato] o Hat7)e @
A 7 dolHE AMgste] ZAEHe s A4t
I Z 714474, 2005), B ATLoA: 2000~
21009 Afo] € 7S &8 11 km A=
o A7E AMgStoith, Ak 7R S AZgke bl
FokaL E2H A4AE 7N BR A2k Zslol
ARESHSITE & GAPRIARE Hsle) Al B x
stotst7] 913) AbSE EA]u ¥R E(Land Cover Map)
= BFR2007) B BAH A0 A Q1 E9)Ao] Ho
T S olgste] Amel A2 Edsh] Yt
T3t A=E ANEIY EX T EE S (Land Cover
Classification)= 97 B} w5 88310 & 24
TAE ZAT L A wHe BulA Aske Biot
Ak ol EXHEA == @A) AEE 7 2 vk
3 glo] AAE w3t of) wdleo) yjxatag &
S50 Ao a8 9 Tk Hgae Role

= T EAHA), Aol A
=]

) A, £5Y 90 Y

4) XI=9| H|w

ARG A7)7F & daPArFe MEeke 2
Ast7] $18te] 1981-20001 Aololl= AVHRR #&4}
79} 2000-2006'4 Afo]ofl= MODIS
ko] AAE BAE dAlskolth Eet
713IAE (B2 W o) RS 98t
7 Bat7| 3 1Y PR AR FEE o Bt
71 8L A FARSFOR A4St ASslnt ¢ o

e Jl)"
W
il
S~
&
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S ARgsto] TS AAERLE % FJH T
AVHRR(Bx8 km)} 71@0_1
ZH1x1 km)E v wfi= AVHRR Z# o] £3h=
BE 713R171e] 22 717 5] Batghe A
o} oA MEZHE 8x8 km FAEL] 7] EAAEL
e ST AVHRR AHEebe] A4S A4kl
th, ¥hHo MODIS(0.8 % 0.8 km) FAk} 7)1 50lxH1x 1
km)E vl = Fod oz 2 71$0A AL Yo
&5t BE 4 AAPPAE A EE NEY 3 & 71301
AREIHIX1 km)9] i3S Akl 1e]a gt
A9 16709] Fo AAA| (HEEHA|, FARFA|,
g A, QIHEAA] FEF A g G A &4t
HAA, A7, AT, SARE, SHEE, dHEE,
HEs, A48, AAdE, AF5dExAn)d
NPPe] Wejel EXu]5Y NPPQ| ¥ishs £41517] §
3 A REA 71H(GIS MASK)S 2-g3le] AlAlst
qrt,

F F

i

(

1) AVHRR §1dXI22] &= URMEAZHNPP)

Fig. 1 (a)olA ggrA 99 1981-20001 &<t
AVHRROA B9 & dapiAlEke] ABd wkso|
5 B3 §lr}, Fig, 1 (a)ollA] B0l A47|7F NPP=
A=l WAL FSsHAE A3 F718 209
Qb A3 EAE e 49 NPP= Wiyl Hit 214
g - C/m’/yri 3 AS3lgal Hek NPPE 970 g -
C/m’/yro & AATE it Watol s NPP Aud 5o
O} 1988 =9} 1989 Tl A} 712 H#%] 893 g -
C/m*/yr ¢ A1 1068 g - C/m%/yr& UeRh
(STD=46.03). Table 2¢]+= 1981-20009 &<k %Izt
=2 NPP$} 5W2) S H43t NPP @ Zbzke] B2Hz}

2 ALK A3 1996-20004 Atolol| 986 g - C/m?/yr
o8 74k A Uepdt o A U3 Q) A
aq];ﬂ A]/%L,] s} Agx]-oi o]/quzp\_4 ff/\L ]
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Fig. 1. (a)interannual variability of Net Primary Production
from AVHRR over Republic of Korea and (b)
Interannual variability of NPP from MODIS over
Republic of Korea.

§56.0 608.0 660.0 712.0 764.0 816.0

Table 2. Statistics of AVHRR derived NPP

1981 976.77 166.80
1982 95425 162.67
1983 943.63 917.68 142.88
1985 964.12 147.63
1985 905.34 173.84
1986 986.55 205.34
1987 951.95 163.75
1988 981.68 893.26 19541
1989 1067.71 186.55
1990 1008.91 179.93
1991 99530 159.39
1992 93893 142.98
1993 968.26 92591 137.50
1994 963.75 156.24
1995 1017.34 189.74
1996 96045 170.63
1997 1056.33 18585
1998 986.37 984.08 165.57
1999 995.90 173.13
2000 935.12 169.86

868.0 920.0 §72.0 10240 1076.0

1128.0

Fig. 2. NPP distribution from AVHRR (a) Minimum year of 1988 and (b) Maximum year of 1989(Unit: g - C/m?/yr).

Z713t A0 Helt) Fig 2= NPPY gho] Axx]¢}
HAXNE B W= (19894, 1067.71 g - C/m?/yr,
19884, 893.26 g - C/m*/yr)E UEHTh Fig, 39]
Az BotAloh Aol NPPS| Z7AREE Hwsia
Ak oA Bolk 207 NPP7L |t fjie
Ao A 78 ek 22 YA FEHe]

A9 Asfoleh ¥ Aoj9 NPP7H Zastn gik

AVHRRE] A717F HEAEE 53l 209

Ha -l

NPPE Ald o F7lstglont izt et s

ALY 4
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Table 3. Annual variability of MODIS Net Primary Production
changes over Korea

2000 610.00 210.39
2001 652.40 20505
2002 666.80 218.50
2003 694.90 196.33
2004 665.90 22020
2005 65140 21009
2006 667.70 203.20

2) MODIS {I8xtR2| & URHYLZHNPP)

2000'378 20069 Atole] FEhx|H 9] NPPE £4
317] 93) Terrac] E21%E MODIS A&8& Alatgi},
Fig. 1 (0ollA B3k MODIS NPP: 600-700 g -
C/m’/yr 9] HE Hol1 glth. NPP AdwE<] #9)
+ 2000929} 2003 ol 247 2 AHX] 610 g -
C/m*/yr & H1x 695 g C/m¥/yrg& HAG
(STD=25.73). Table. 3 °li= 2000-20064 F<to)l 2t
2} A7t A NPPet 5 HALE AXBHAT Fig, 404
+ NPPY] #Ad: (20004, 610.00 g - C/m?*/yr)3}
HIEE (20034, 694.90 g - C/m*/yr)S] FHEEE
HojZw givk, AFI|FEH 0T 2 d3te] NPP 3

Net Primary Production Changes over Korea and Climate Factors

|3 ass  awr 83 &8 az w 50 3 nry  ws oy

Fig. 3. The spatial distribution of NPP trends {1981-2000) over the
East Asia estimated from AVHRR-GIoOPEM(Unit: g - C/myr).

o2 243 A3 v HF 6.08 g - C/m/yr WEH
2718191 Bt NPPE 658 g - C/m?/yro& wjots
t}. AVHRR #}#9} 8w 734 F 400 g - C/m*/yr
A @2 S} oA & Jort A7l olf= 4t
oc:)] A

oA = BAIAEE BUA AV gaEE

(b) 6949 gC/m?lyr g

- L el

160.0 28500 400.0 520.0 640.0 760.0 BS0O.0 1000.0 1120.0 1240.0 1360.0 1480.0

Fig. 4. NPP distribution from MODIS (a) Minimum year of 2000 and (b) Maximum year of 2003(Unit: g - C/m?/yr).
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49 47 45 23 01 21 43 65 87 109 13t 153

Fig. 5. The spatial distribution of NPP trends (2000-2006) over
Republic of Korea estimated from MODIS(Unit: g - CimPA).

A1Y AL wekHch (A23 FR), E3HFig, 5& ¢
A Gell A 2000-20064 Ate] NPP 5748 A%
th, Fig. 604 B50] ekl 4 FEaloat {Ais)
et A o] FH o R & =2 & e Yt oA
& MODIS gaLgj&o] AR Fotmo] vjsjA 2|
AtLe] A LT EXY] B3t 714 A
Bol o2 Qg dFI T AL 4 AckFAITF 9,
2005; Zhao et al., 2006). E3F NPPY| 27182 4%
St} AR G4 F7Veke AEE YEtlEd Fig.
604 HofRZo] ol 77 o dFF 7123 4
o] e A0R Btk AXH AAD] HAHS
Aol L% NPP A5t AFFnc & Jolg B
ol A WEA RS AMA vjuE 7ledoz 7t
©atA) okch, E3 vl Ak Shteo] ARY el
29| 2AHARZ G479k Z7)7t zlzete] vae
£ A7) 990 2FskA] ghect 13U 71Ee 4B
<&l WE AFEA Aot vlus) 2Hokg o, b
Z & AolE Holx glont diiie 2o AN

25 38 50 62 75 87 100 112 123 137 160 162

Fig. 6. Distribution of annual mean temperature(2000 - 2006)
(Unit: ¢).

o)A oF 700 g - C/m*/yr (2007-2009)0)5}+8} NPPE
Holil 9l AOR Hop (F7K, 2010) MODIS #Hi
9 A7l ohh £ AL 7HEE 5 ok

() FAFH ) & AXpAYAF Wk

£ o)M= AVHRRY 3= (8X8 km)7t
PTGl MEY sldle o 27 o
ol 2o} 22 FrhAtEE 7H #e] MODIS 2t
=22 1ol E48 sigitt. 1 A3t 9t 16
N Ao A FFFAER & AxAYAFO] WIS B
A5t A3} mE A QoA Skt 2 HH 2pel7} £
5P Vel thTable 4). 2000-2006A71419] 2
olAlsteta F47t 71 wo] WU R AlFEeln
1353.7 g - C/m’/yro2 @7+ 1409 g - C/m’/yr HF
Z7lslgich dete] W4 NPPRU 34 &2 o=z
yepdtt ol ARz 93 7)$2Ad o8 A4
9] AApo| Alj#] o2 gt NPP7 B% 37138t A2
2 5ok =3 SARFAI} AAEE, FARGAA L
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Table 4. The MODIS NPP distribution over the local government(estimated by GIS technique)

(Unit: g - C/m*/yr)

2

2001 | 2002 | 2003

2005 [+ 2006

HEEDA | 56376

59489

62760 | 61098 | 61104 | 2539 | 477 | 11

62066 | 617.17 | 642.10
HASFAA] | 66384 | 72197 | 72623 | 73883 | 74093 | 67922 | 70453 | 71079 | 29.72 1.83
T EA] | 60580 | 66703 | 67588 | 72030 | 67449 | 613.13 | 68450 | 66302 | 4045 | 453 7
Q1AL IA] | 44781 | 47135 | 46721 | 50043 | 47204 | 51047 | 48038 | 47853 | 2109 | 646 16
FEFAA] | 53394 | 54802 | 601.89 | 61125 | 59125 | 57358 | 57521 | 57645 | 2799 | 587 13
hAFA A | 57840 | 61492 | 62294 | 68081 | 62102 | 60000 | 630.19 | 621.18 | 3151 441 10
SAFAA] | 76149 | 817.19 | 83302 | 84513 | 85531 | 805.86 | 83237 | 82148 | 3114 | 758 2
A7 = 53861 | 59263 | 58907 | 62206 | 57942 | 60327 | 59624 | 58876 | 2580 | 659 12
AR 598.10 | 685.62 | 69232 | 72922 | 654.12 | 643.80 | 67942 | 66894 | 4171 436 6
FAHEL | 58617 | 636.88 | 63662 | 68195 | 62629 | 61463 | 63849 | 63158 | 2891 365 9
SAYE | 52841 | 541.85 | 54588 | 59621 | 56128 | 563.12 | 55595 | 556.10 | 2144 | 502 15
AR T | 52955 | 557.80 | 57155 | 61228 | 57652 | 56344 | 57967 | 570.12 | 2501 595 14
Aepde | 63315 | 65093 | 701.60 | 71298 | 70426 | 68673 | 69192 | 68308 | 29.73 895 5
AAHEE | 67258 | 73803 | 74655 | 778.12 | 74587 | 688.55 | 74831 | 73115 | 3707 | 455
AAEE | 60652 | 64954 | 66826 | 70821 | 67073 | 62343 | 66806 | 65639 | 3364 | 482
Zz e
Hl??f 130159 | 1287.50 | 1411.15 | 131157 | 139520 | 141702 | 135207 | 135373 | 5463 | 1409 1

et 9 Yol NPP7} 821, 731, 711, 683,
669 g - C/m*/yro& Hathch BA AAEI o=
AR 22 7IEE (Fig 6) 9 AHEIE (Fig,
72 o] glth, MODIS NPP Aha
9 AR oA S AT E HRE QE| iR
AR EoA] A= gict, Es] MODISS] EA|u)E )
#A%E LDOPE(Land Data Operational Product
Evaluation)ol|A] AR A3} A2 Ho] izl st
Z=(1X1 km)oY A EFF=lo} e A7 ol 423 <l

Aat7)7h Lakste] BYabgel A iy

w9 5 2

i A= 3o

(Heinsch et al., 2003). whkA] Table 40f YeRd =

A A1 9] NPP R 1 theAl9f of

S

chepct

I & 4~ gick NPPE) 27} Ak sydr|¥o] &4 1}t
Hus AS & 4 4 9t (-6.0 gC/mZ/yr o)A, o] o]

Al o] BpA]of| vlato] 2 (=E)A| Ho] o £E3}
I Qo WalE wel # HFe M ol ofgh ojul
ofe} Aol & 2 %“—0174 Ao} (o], A=
A, SR olo] WE A=e] w2 AT ¥4
| Ao AdEtE gy 9, 1999). 16749 F A
AAE & A Bk 57 W #ER
of gt 8- Table 40f LEfHSiC

l

(©) EXERO & QRN Wt

L2

EXuEE2(Land Cover Classification)= ¢
AL AR E gad 4 9) Qlom < %, zx] FIdE
T 22 A | EA S e AolthAlA
A 9], 2008), & A-toAls BHRY FEF EEXME
Aol E3HE 59 9 ARl BHE 7 BA F

o W

’I

Table 5. MODIS NPP classified by land surface type(Unit: g - C/m2/yr)

2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | Average |
= 51133 | 53857 | 54940 | 58093 | 56867 | 55518 | 56298 | 55244 | 741 | 2268
W | 59798 | 63479 | 65071 | 67887 | 65755 | 63749 | 65609 | 64478 | 666 | 2527
e | 65170 | 70528 | 72343 | 75688 | 71155 | 68158 | 71595 | 70662 | A7 | 3308
T | 64728 | 70606 | 72343 | 75899 | 70592 | 67081 | 71324 | 70368 | 392 | 3609
ST | 64336 | 69980 | 71625 | 75259 | 696.18 | 67612 | 70694 | 69875 | 440 | 3381
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Fig. 8. (a) The monthly correlation between NPP and monthly
cumulative precipitation during the growing season
(March-September) over Republic of Korea and (b) The
monthly correlation between NPP and monthly surface
temperature during the growing season(March-
September) over Republic of Korea.
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o7 Ao waA F713 AR Held ol &
A 2 Aote 99| & NPP 57HeS i3 8l A
ojct, A9 ghiger|o} ATt 5o whe} o] ik}
H§0] Fos, & 7|l mE £ A g3t
dte FEah 9JrkBaldocchi et al, 2001), ‘@3]
A & HAE AR sk AR 94, JEH, &8
o] FAR|Q) =1} o] A Hof ule F NPP7F =2
& UeRitt, 531 B 599 g - C/m?/yr, AR
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oA &A= PapYALEFO] EA) A=Yl o] Ao
+ §4A9 A% iid 2= 83} fHE vole
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o
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7H3-9)oll FRHdo] T2 ojHA7| wiol UE H
719 EY A ewkE A FRAE NPP A
d& AR A3 k3 AR Q% 4= Qi

e 749 7904 NPPe} 71 2 AAR)
< 7IX%] AVHRR % MODISO)A 22} 0.39, 0.72&
UERT) Zaeeko) A2 WA 0 & B¢ ol
T2 A5 7MY 22 AL 1T 4= YTHFig. 8
(@). 212y Bt x4 Fol Blojd 7Z-9of izt Ul
< 54% 7|33t S43 7HE(20009) 5 7143t
A aolo g olgf thE ol Hlaf &= UapYAlFo| Yo}
4 4= Qlek. E3) Fig. 8 (@)ollA AlAIE 419 Aol
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ol 27|17t 59 W YL w2 1E ¥
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Fig. 9. The monthly mean temperature for each data period.
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Fig. 10. The distribution of the correlation between monthly
temperature(July, 1981-2000) and corresponding
AVHRR NPP data.

4) 713129} NPPete) A 33t &2

#:— QoA 780 BRlew @ wA 35
7

b

Hjgko 2 97+ AVHRR NPP AH& (1981-2000)2+
MODIS NPP 22 (9000-2006)2+8] A 94 Al

L=Ihva
"x_"_‘

‘?L
A

— I

E(R)E Fotoict. Z=uifelst NPpete] At
I Q1AM 292 o) glo] e A[HofA =2
Fo] AIAE (0.4-0.9) Holx glok (1 A=),
Fig. 10914 7129] 7% AVHRRE 799 H+t7]-23}
Ao oFo) 4uA (0.2-0.0F Holi °1ZIUF
I Saopgol Agd 7R FARE (Fig. 6)&

_hL
:L

4= Qleh(Fig. 8 (b). ol 2017k} 7] $1A4d 714t X}E
oko] AAolRR 7|FSA o ouf Qi &
4 olrk. E3E oFe &) AHIAE Hole A9 o
Hat 7] 20] AR SAL L A A Fojn(it
WE S 2)od) MODIS A9 A9 74 B 7123} A
oof FHAGlol =& o] WA (2 R O0.5)E

s
2

o e s 71ea B Aeke) A

—477-



Korean Journal of Remote Sensing, Vol.27, No.4, 2011

Al b Adeld & 4 g Ao eht, 713
i3k Qlalsk NPPSIS| ABTAL APITlo] B
7N R AL % 4 ek

4. Aok 271 9 2419 89
PIARE 28T FHAGY & dAAEE £
A3t Bgol|A k23t 22 Ak A] EAgi), WA
AEE 7 & 0 757 BEA|HNA 7|4k F |
o5t EAA deAAYFE 5T ARE ARt A
99 RAE (1x1km) & 4317 g2 21z9] 23
£ it 1231 MODIS 7AtE F A7), Hd
71, #117]&, VDP, SWrad)& $%3k= DAOY &
A== 1° x1.25° 0|1 MODIS &x2|&e| 1 gt
03 AME7] g2of 4= km T AA FHEEES
A8k dloll A7l G4 &, 2005). 3.3%¢|
A ERRol, Uk 2 713y 9F H A5
A-qEE Hong AR BYA] L oAE
A7l 99lo] =2 glrt, MODIS NPP ¢ie|&
ML 225 EXuE(Land cover, MOD 12)0f|4] At
e xgog FHslo] A9 & YA AL
ARgEE oL dakA el fE MOD 129] EX|ulE,
< 16709 EAA £t BHR AR EXgEL2 5
i 23702 ERAAT dolsiA A7le &7t A
o} 53] EXHEX 9} HuE 9 9A] g4es
SPOT-594& ARS3HG7) digo) A EF Hjoloj
A FFE ZF 4= 9lrk, SPOT-5 Y432 0.50-
0.71 tm ©|2E AVHRR @ MODIS AA¢} tha zjo)
£ 2grh E3F NPP Bl A= 7[4xE7 1
el Ak it 17| WEoichZhao et al.,
2006). W&kx NPPE AHH3171948)) Land Surface
Model& Ag-8to] 414 3FFE ARE Ao 714
B I A T 28 YR 7]Q1gt 2
T % WA Bavy gt

5. 7} g 2

%

2 Ao AE 1981-2006W HATE AVHRRY

MODISE vt 2 H3tx 99 & YAAIF HItE
EX 9 B2z} v BN, FIAE B4 S B
3ol 16702 A= Basigch E3 & YA
Abeg wiatol Gk vl 7)2QA} FolA 7 F4
3 g7 ed Faae) ARFAES Adstech
1981-2000 AVHRR #&A2E A% 23 oijd
2.14 g - C/m?/yri+EH AF58H9a Hak NPPE 970
g - C/m?/yro& uletElgict, 18 a 2000-2006d
MODIS #&A 2 & 43 27 v d 6.08 g -
C/m?/yr WEA 2715191 BF NPPE 658 g -
C/m’/yro.2 stot=|gir}, NPPQ| Ak&gkelAl AVHRR
3} MODISY zo)7h vhz o= & YAMAE =
Al A71e daEjEat ST Jtol, Al sty
o) oj&sh= 3FF] 24 59 Ao|2 Qs
A7) Zoz Bt EXUER e vwiAgt
A o AL Aok vloj oAzt 2 Ak
A& gd, G, TaRHNA =3AR 43E
7k = A GofA o w2 AR ‘/}E‘r‘;&“:} Rk
= B4 29 3 oA 2 & GAAE
< YehRIT ol FAAYo| E}xldoﬂ Hjgte] &
Azt Hopx7t gong AANA 5 54 A
9%t 3 wlEel Aoz wekE), T3 = AL
sl Ak uAE 713AA S ARl T
74 BF7| e RAGrRE 47 oiHAnomaly)d
AF v 3g A3 AVHRR 2tk MODISOA 1;;—3 B
< BYth o= FA ATTIA AT BIE F=
Bt 7)ARRIAeLY] & A T d R4 TEA
oo 7Hu|E A2 MODIS &7} gHtzoA B
t 42 NPPE HoF1 9l ZoE Amgrh
aEu 713 HEtE Qg A & gaea] WIkE
7Hs3r] SEiAlE 71 S st mt A A ST
Z71317) W2o] & A A RSHNEE)S] L33 B
7VE 3t AAelA L) & AeA nskg o) A71A
oz gtea] Basict &3 A7 AAEY 5T 9
AYAE =23 A=) AYE FFATE JYY
"ar) oot AR BYA ez 15 5 71de
A AE7)Ee) WAy AN HEREF) 245
AR o}, o= F AN FHet A9 AFP}
7124& uredeh $14371ste] QA & dANE AR
JAFH=E w9 4 e 71387 8 Aol,

H
1

-478-



A} A}

rlr
rﬁ

AT A A 7 s AR
(Eco—Technopla 21 PrOJect) 07 2|k A o]
o] ATE 3 AFLSAHRE AR FA o|FA], 2
S, A8 ST QRS R4 A4,
g BAEAE ALY RS EdT

Xy

Z8A15F, 2005, MODIS A A4 W UXPAPAH] 94
o) 5 9% Ak B4 vt 24759
=AY 2] 28(4): 215-222,

AT, 9, A9 2005, MODIS 2Ua4H
AEEY] 2381 B4 Ay o,
‘H%E‘nﬂ AFskelA| 7(2): 171-183.

4x, 2005, 715HSE S A7) FA]

8714 7D, =HE7IAE T A,

AIAFA, o —é—é 2008. B3 A¢E o83t 27
TO‘_QE],] —fE }AHA]—EI: ZX—]HH:HV] ;q]cd-’ 3} X]
Hkel3-8t2lA], 9(6): 43-51.

4%, A, o4, 2009, AJAE MODISE ol¢
3 ExmjEo] Bhakg dE: 20048~20084,
EH%_H EAKEEE] A, 25(2) 113-196.

, é, 2010. 51”41 121 P Bt o = R
THY MU 5 AURAL S

Y283 30(3): 1-9.

AR 2010, 27} A7) Qe At YAttty

B3], o]=F, 2003, A= FExo) olAEleks &
T 83 24 AT AT @ Y AR
£ o] 83 AeiA By B4 7)$Hst 2y Y
s3], 1(15): 169-180.

Angert, A, S. Biraud, C. Bonfils, C. C. Henning, W.

Buermann, J. Pinzon, C. J. Tucker, and 1.

H

Fung, 2005. Drier summers cancel out the

CO2 uptake enhancement induced by

Net Primary Production Changes over Korea and Climate Factors

warmer springs, Proceedings of the National
Academy of Sciences of the United States of
America, 102 (31): 10823-10827.

Atlas, R. M. and R. Lucchesi, 2000. File specification
for GEOS-DAS celled output. Data
Assimilation Office, Goddard Space Flight
Center, Greenbelt, Maryland, Document No.
DAO-1001v4.3.

Baldocchi, D., E. Falge, L. Gu, R. Olson, D
Hollinger, S. Running, P. Anthoni, C
Bernhofer, K. Davis, R. Evans, ]. Fuentes, A.
Goldstein, G. Katul, B. Law, X. Lee, Y. Malhi,
T. Meyers, W. Munger, W. Oechel, U. K. T.
Paw, K. Pilegaard, H. P. Schmid, R. Valentini,
S. Verma, T. Vesala, K. Wilson, and S. Wofsy,
2001. FLUXNET: A New Tool to Study the
Temporal and Spatial Variability of
Ecosystem-Scale Carbon Dioxide, Water
Vapor and Energy Flux Densities, Bulletin of
the American Meteorological Saciety, 82(11):
2415-2434.

Goetz, S. J., S. D. Prince, S. N. Goward, M. M.
Thawley, J. Small, and A. Johnston, 1999.
Mapping net primary production and related
biophysical variables with remote sensing:
Application to the BOREAS region, Journal of
Geophysical Research-Atmospheres, 104(22):
27719-27733.

Goetz, S. ]., S. D. Prince, J. Small, A. Gleason, and
M. M. Thawley, 2000. Interannual variability
of global terrestrial primary production;
Results of a model driven with satellite
observations, Journal of Geophysical Research,
105: 20077-20091.

Goward, S. N, R H. Waring, and D. G. Dye, 19%4.
Ecological remote sensing at OTTER:
Macroscale satellite observations, Ecological
Society of America, 42): 322-343,

Heinsch, F. A, M. Reeves, C. F. Bowker, P. Votava,
S. Kang, C. Milesi, M. Zhao, J. Glassy, W. M.

-479-



Korean Journal of Remote Sensing, Vol.27, No.4, 2011

Jolly, J. S. Kimball, R. R. Nemani, and S. W.
Running, 2003. User’s Guide GPP and
NPP(MOD17A2/ A3) Products NASA MODIS
Land Algorithm.

Heinsch, F. A, M. Zhao, S. Running, J. Kimball, R.

Nemani, K. Davis, P. Bolstad, B. Cook, A.
Desai, D. Ricciuto, B. Law, W. Oechel, H.
Kwon, H. Luo, S. Wofsy, A. L. Dunn, J.
Munger, D. Baldocchi, L. Xu, D. Hollinger, A.
Richardson, P. Stoy, M. Siqueira, R. Monson,
S. Burns, and L. Flanagan, 2006. Evaluation of
remote sensing based terrestrial productivity
from MODIS using regional tower eddy flux
network observations, IEEE Transactions on
Geoscience and Remote Sensing, 44(7): 1908-1925.

Hunt, E. R. and Jr. Raymond, 1994. Relationship

between woody biomass and PAR conversion
efficiency for estimating net primary
production from NDVI, International Journal of
Remote Sensing, 15(8): 1725-1729.

Monteith, J. L., 1972. Solar radiation and

productivity in tropical ecosystems, Journal of
Applied Ecology, 9(3): 747-766.

Prince, 5. D,, S. J. Goetz, K. Czajkowski, R. Dubayah,

and S. N. Goward, 1998. Inference of surface
and air temperature, atmospheric precipitable
water and vapor pressure deficit using
AVHRR satellite observations: Validation of
algorithms, Journal of Hydrology, 212-213: 230-
250.

Running, 5. W. and E. R. Hunt, 1993. Generalization

of a forest ecosystem process model for other
biomes, Biome-BGC, and an application for
global-scale models. In: Scaling Physiological
Processes: Leaf to Globe, ]. Ehleringer, and C.
Field, pp. 141-158, Academic Press, San
Diego, 236.

Prince, S. D. and S. N. Goward, 1995. Global

Primary Production: a remote sensing

approach, Goward Laboratory for global
remote sensing studies, Journal of Biogeography,
22: 815-835.

Thornton, P. E,, B. E. Law, H. L. Gholz, K. L. Clark,
E. Falge, D. S. Ellsworth, A. H. Goldstein, R.
K. Monson, D. Hollinger, M. Falk, J. Chen,
and J. P. Sparks, 2002. Modeling and
measuring the effects of disturbance history
and climate on carbon and water budgets in
evergreen needleleaf forests, Agricultural and
Forest Meteorology, 113:185-222.

Turner, D. P,, S. Urbanski, D. Bremer, S. C. Wofsy,
T. Meyers, S. T. Gower, and M. Gregory,
2003. A cross-biome comparison of daily light
-use efficiency for gross primary production,
Global Change Biology, 9: 383-395.

White, M. A, P. E. Thornton, and S. W. Running,
1997. A continental phenology model for
monitoring vegetation responses to interannual
climatic variability, Global Biogeochemical
Cycles, 11(2): 217-234.

Zhang, Y., ], M. Xu, H. Chen, and J. Adams, 2009.
Global pattern of NPP to GPP ratio derived
from MODIS data: effects of ecosystem type,
geographical location and climate, Global
Ecology and Biogeography, 18(3): 280-290.

Zhao, M., F. A. Heinsch, R. R. Nemani, and S. V.
Running, 2005, Improvements of the MODIS
terrestrial gross and net primary production
global data set, Remote sensing of Environment,
95(2): 164-176.

Zhao, M., S. W. Running, and R. R. Nemani, 2006.
Sensitivity of Moderate Resolution Imaging
Spectroradiometer (MODIS) terrestrial
primary production to the accuracy of
meteorological reanalysis, Journal of
Geophysical Research, 111, G01002, doi:10.
1029,/2004JG000004.

~480-



