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- The overall mean value of NPP simulated by the BGC-MAN model from 1991 to 2100 was 5.17 Mg C ha™", with a range of

3.30-8.199Mg C ha™".

- Under the SSPs scenarios, the decline of pine forests on the Korean Peninsula due to climate change and ecological
disturbances due to climate variability is expected.

= The applicability of the process-based BGC-MAN model is demonstrated to study forest ecosystems material cycles and
carbon flux in the Korean Peninsula, including North and South Korea.
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Abstract: In this study, the biogeochemistry management (BGC-MAN) model was
applied to North and South Korea pine and oak forest stands to evaluate the Net Primary
Productivity (NPP), an indicator of forest ecosystem productivity. For meteorological
information, historical records and East Asian climate scenario data of Shared Socio-
economic Pathways (SSPs) were used. For vegetation information, pine (Pinus densi-
flora) and oak (Quercus spp.) forest stands were selected at the Gwangneung and Seolma-
cheon in South Korea and Sariwon, Sohung, Haeju, Jongju, and Wonsan, which are
known to have tree nurseries in North Korea. Among the biophysical information, we
used the elevation model for topographic data such as longitude, altitude, and slope
direction, and the global soil database for soil data. For management factors, we
considered the destruction of forests in North and South Korea due to the Korean War in
1950 and the subsequent reforestation process. The overall mean value of simulated NPP
from 1991 to 2100 was 5.17 Mg C ha™', with a range of 3.30-8.19 Mg C ha™. In addition,
increased variability in climate scenarios resulted in variations in forest productivity, with
a notable decline in the growth of pine forests. The applicability of the BGC-MAN model
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to the Korean Peninsula was examined at a time when the ecosystem process-based
models were becoming increasingly important due to climate change. In this study, the
data on the effects of climate change disturbances on forest ecosystems that was
analyzed was limited; therefore, future modeling methods should be improved to
simulate more precise ecosystem changes across the Korean Peninsula through process-

based models.

Keywords: biogeochemistry model, process-based model, net primary productivity,
forest ecosystem, climate variation
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A Az 7| 5Hste] whel S/ H A Q] x4
S S5-dSl A O] Ao thgt #Alo] Eojutal Qo &
5|, E2]o]8, ExJo]g H3} 2 ¢ (Land Use-Land Use
Change and Forestry, LULUCF) 2.2 dZoj2]= S48
B A o] gta F4HolA A2 7P w2 WAS 24
2ttt (Hong et al. 2022). o]l AF 2] @Azfet vl 247}
A & 9 A oefohs A2 585 A= o AR
I Qi At o] 2ATEA S 9 AR AbE o] A4t
A3t A £2 0] ¥gtE Foff F7HET b LULUCE
oF Ab o] digh Aokt QI EE] 2Hd-& fIsiAlE= ol5 ¥
e ROl &= Q= TRt ey 7ol &g r]ojof gt
TH(Kim et al. 2017; Choi et al. 2023). $-& Ut A o}
A2 4SS FAoR o SAEA S ']
ofet ohefet el A7t o]Fo]Z] Al Slek(Choi et al.
2014b).

AR S-tetol A= 4 km TRl AR A=
ZAPS= A7 RANE 35te] A 712 SAIE
ZHdstal Qlal, ol Fofl AR ] Atd £2, 247}
2 S5, AEA 178 5= Tkl e (Kim et al.
2021a). E2L, 919} E2 ZAbo]| 7]4tsto] 7] 912 5
7tk oheFRt At AR g Fdoto] mj= 24 kA
SRS A3k QIth(Choi et al. 2014a; Piao ef al. 2018).
olgA SAA W] AT 71EY] RPES A T
717} o] Foj 2w, H|w A =2 HeS ZH= EA4Jo] Sl
Jeu 7)E BRYEE0] RO o= tiE-E AEAY +
Z 9 Fpgo] gred =] 7] oigket, TRk thRE A o] Bt
7t o]FolA d &9, & G2 Hlol= 71 EdS vty
Sth7] o} a1, e A NS of 2= A4S TA| metof g
AZF A0 olfet EA4 AIZF ©@9le] Zfol= A ©el9]
=t Aatgde] 7Rk BAo] o]Rojx]= HE F

i i O

o S AR A Ryke] A of#wE ThMgter, -2

il S

r

et S/ ERAl O gt ghAeA] mheto Ao gHA= &
Ak, ool S/ AHA ARtate] AAE oiAl= 4
o] sl 7IHtste] A Tel= AeiA ks wofsh
ofF sh= Ao}, whabA AHei ¢l 29} e HAFSH
of & @919 FeMdst Bide FA ok 7N &
& (Process-based Model) 9] 282 Hr} &fistr] ¢
A7 A E B oAl (Heo et al. 2022).
AR Aol T 71N g2 AR LR 285 o]
ok, vt AR A S 2 242 915 MAPSS-
CENTURY (MC1) 2, Vegetation Integrated Simulator
for Trace gases (VISIT) 2.3, Yasso 23 5o] tEH o=
2-G-E] oSt (Kim et al. 2009; Choi et al. 2011; Byun et
al. 2012; Kwon et al. 2012; Yoo et al. 2012; Cui et al. 2014;
Kim et al. 2016b). °|52 BF A 9] dapP4Hd} &
254 s ROt 540l ey Als4 E
A A 2 Aol TRt sie] Al T2 ARESEle
W, W2 e &2 A7 Ao 3= o] 240 o]
IR FE = iofl A8EA] @t o

A

Hu

A& R AEI7E oW (Lim et al.
2010; Kim et al. 2021b), *1513] ¢-2|2hs tg o= <
T 71HE g o] 282 ARHAQl AFeoltt. 121l o
A = Uloll A8 A8 Ao A7} AlgHA o]
, 24 B Alolel -8 AR7F EA] ool 71915k
= gty wEba, AR o s ASE IR A
BiA RS hto] A-gsto] FF Y 1skE
ohget E-8AE7E B astetal & 4= Qi
2 Aol A= Biome-Biogeochemistry (BGC)
Ad el g2l BGC-Management (MAN) 282 =]
of| 2-8-5}212} g, Biome-BGC X3+ Dynamic global
vegetation model (DGVM) ¥} Bl &0 A A|A oA de] &
SHI e A7 Rg oz syt HeAt
5 AT Add &tz 281 v 2t (Kang et al.
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2006; Kang et al. 2016; Song et al. 2019). BGC-MAN X
%2 ©]2I3t Biome-BGC 32 A S A AR2A A
4> (International Institute for Applied Systems Analysis,
[IASA)OA] 7HAGH B o &2 Ht AAISH & AMej = vt
P& 5 Q= EA0] AUt (Pietsch 2014; Akujirvi et al
2018). _‘_a]ura]-__ q]/k}oi Sl J,].xh]a]— 5034 X—LQ_ O
FEAIAF Sk AlHNA, 7 A= g 2P |
5etel 282 59l &5 s 2ol it &8 7
#olal, 7|5 Hste] mhE YA Haaea] 9 gt
Toll Bagt gefet Bdo] tigt J244= T8

7} ek,
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Shodet. whebA], uete] A 352
A= 25’:(SKGNP, SKGNQ)# Avkd 9 13 (SKSMQ)
Z 339 giAA7F AA YT (Kwon et al.
2009; Noh et al. 2010; Chae 2011). 53] ZH-f-ofl= dA
9 Rl g AAl AH FSol= Algte] qloffttt. o]
2 Qlol) I 719 ®dof thgt 2-8/do] H7He Arl7t 2]

we, 18 O
. o

L

I

ol mgo] F8AL AL S0} 7| FAF gt
ke QApAo shefshs ZHelA BAle] ofu)t glct
0 4 glek webAl, B Qi R gadgeld)

TH(Hanns Seidel Foundation, HSF)¥ 2] =2] NGOZ
A & ol kst 718e] A v 2F Ude 5
SiA mefsteitt. & Aol B U FRAe] A4
H Ao A Qo FH % 9 JE HHEIF 54 7t
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Fig. 1. Distribution of the study sites for running the biogeochemistry management (BGC-MAN) model in South and North Korea. Three
pine (Pinus densiflora) stands: SKGNP NKSHP and NKSRFR, and five oak (Quercus spp.) stands: SKGNQ, SKSMQ, NKHJQ, NKJJQ, and NK-

WSQ.
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5 S A2 Adetnt, oheba] AU e
Qo= AE] ¥ (NKSRP) T} A1-8-(SKSHP), 2320] tjAtA] &2
A=A, FF 2] A--oll= S5 (NKHJQ), A=

(NKJJQ), GAHINKWSQ) 9] 332 tiAx 2 AA5tATh
(Fig. 1).

22, A1 Mg

BGC-MAN 232 Biome-BGC 25| A o}y= HHB}
Zro] BGC AlE 9] BFA ast= AEH HH, +F

JE, 719 FR, I R T A 471 H59 x}gi
B0 ggst1, AlRAo gl & 500] 7127} i oE

Zt= 9 Al47t @ FE B3] 7124 02 BGC-MANS]
7Z9ofl= BGC-MAN©] Higt A4 F =2} o]of gt ¢IE
Ho|A 83 dFAR FE5S Tt AIFE 22O 0]

&5 591, o2iet YA Rg2 sl et o=

NPP modeling in South and North Korea

Song et al. (2019)2] A3 <A

1).

9] 25 F8o1 A0k (Table

T AHO| ABeole 4 AUT
©] BGC 13 AlGolA Alg=2d A1 d
et al. (2000)°IA ARGk Lol Z]Hket
T} Pietsch (2014) SollA &&5t5d @E—é—
(Table 2). £3|, &{Hzte] H9ol+=
oo it Ad A7 FEE Zedsto]
9 F0] A=A EAS glsto 74]T°ﬂ Hrgst
(Kwon et al. 2009; Lim et al. 2010; Chae 2011; Noh et al.
2013), Brtol] et +F FH = F5tof tigh A8 Aot
FozpoldA TS Foff SHEet Bk R A 2E FH
2GR tigt JH 52 Ftoto] &85kt (Piao et
al. 2016). E3F AR ] TAREO| o= SEuEte] F
8 FFo2 4oz A4-E 433 Kim et al. (2017a)2]
HAE Esto] A-8okainh mebA HEHAQl flRo] 1

o] el W= HlFst] AEEA ST g4 H Ha A& B 717HS A ook Alg-Eol vt B
e 5o Asteby 314 5 AelAle] 2ok AEA o n xAgEglon] A4 U ehao] ujRa) pelgt 945
F S RASH: 5o glon] O JHAEE 8 o] Aot 7 ASES BRstE ) 7o PEs
“F&tt (Pietsch et al. 2005). of Sl &Y B 52 HESH & AMSSSIT) ofet =
A= EV* A= ORI 2, ke, APH R AL Ul £3lo] ZAstA|qt B o] % AF BA7} H AL
= YA B, A4 SO AR ZRE ¢ W R 54 52 ARAE A B8] ofee A
A2 AFIAE FHE, TE UMY, AT 5 AW L A de] A4S 2askirt
£ T55H7] 1ol AE eleld 213 m]A (Shuttle Rader 718 AR O] Aol WA 2w Aol =t
Topography Mission, SRTM) <] 30 ma X F11d 713 0] #= 2R E Festgon ulg Auae &
(Digital Elevation Model, DEM)= T-%35}to] 2-8-5F3ith 7o Aot MEA TLEH ZEAEAA A E (Share
TSt EA W EF ALY Heole A MAMCRE 2] & Socioeconomic Pathways, SSPs)2] 7|F AlU2| @& &
4= Harmonized World Soil Database (HWSD) E<F Shoith & Ao A LA47EA = gist Eeta) 7|&
ARE FEAA, o] ol T, Ao o Sike sl 48] UE ol Ae 21 7PIR ssP1-2.6 Al
ool et = AR didz|ellA o] o5 Zafsh 2] ¢} oof HiH]EE= ssp3-7.0 Alute]e 8|3 7Pt W
Table 1. Biophysical data of each site
Station . . Elevation Slope Sand Silt Clay Soil depth
code Longitude Latitude (m) degree Aspect (%) (%) (%) (m)
NKHJQ 125.76 38.03 32 1.80 221 42 36 22 1
NKJJQ 125.23 39.71 19 4.63 112 42 36 22 1
NKSHP 126.25 38.41 17 3.49 30 42 36 22 1
NKSRP 125.74 38.54 19 0.85 338 42 36 22 1
NKWSQ 12735 39.19 10 0.71 16 42 36 22 1
SKGNP 12716 3775 425 19.00 255 50 45 5 1
SKGNQ 12715 3775 340 14.00 300 50 13 37 1
SKSMQ 126.95 3794 293 15.00 315 52 25 23 1
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Table 2. Species information data modified from Song et al. (2019)
and Pietsch (2014)

Types Pine Oak
Yearday to start new growth* 0 90
Yearday to end litterfall* 0 320
Transfer growth period 0.3 0.15
Litterfall as fraction 0.3 0.65
Annual leaf, fine root turnover fraction 0.18 1
Annual live wood turnover fraction 0.7 0.7
Minimum mortality fraction* 0.014 0.017
Maximum mortality fraction* 0.014 0.042
(Low) elliptic mortality 300 450
(High) elliptic mortality 100 150
Fire mortality fraction 0 0
New fine root C:New leaf C 0.523 1
New stem C:New leaf C* 2.5 1.29
New live wood C:New total wood C 0.059 0.12
New root C:New stem C 0.29 0.25
Current growth:Storage growth 0.5 0.5
C:N of leaves* 33.1 26.8625
C:N of leaf litter, after retranslocation 132.0 63.3
C:N of fine root* 38.0 73.5
C:N of live wood 50.0 63.5
C:N of dead wood 1400 450
Leaf litter labile proportion 0.257 0.2
Leaf litter cellulose proportion 0.493 0.56
Leaf litter lignin proportion 0.25 0.24
Fine root labile proportion 0.252 0.34
Fine root cellulose proportion 0.495 0.44
Fine root lignin proportion 0.253 0.22
Dead wood cellulose proportion 0.71 0.704
Dead wood lignin proportion 0.29 0.296
Canopy water interception coefficient 0.051 0.38
Canopy light extinction coefficient 0.51 0.54
All-sided to projected leaf area ratio 2.6 2
Canopy average specific leaf area 13 35
Ratio of shaded SLA:Sunlit SLA 2 2
Fraction of leaf N in Rubisco 0.0457 0.088
Maximum stomatal conductance 0.001 0.0018
Cuticular conductance 0.000014  0.0004
Boundary layer conductance 0.09 0.005
Leaf water potential: start -0.5 -0.1
Leaf water potential: complete -2.2 -35
Vapor pressure deficit: start 50 200
Vapor pressure deficit: complete 2500 2550
Nighttime freezing temperature: start* -2 -1
Nighttime freezing temperature: complete* -8 -9

*Modified after checking Korean literature
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Fig. 2. Trends of climate data of Shared Socioeconomic Pathways
(SSPs) scenarios: (a) annual average maximum and minimum
temperature of SSP1, 3, and 5; (b) annual cumulative precipitation
of SSP1, 3, and 5 from 1979-2100.

2 AZEA v S-S 7Hg3 SSP5-8.5 AlUE| o8 S8
Sttt 53kS A= 29tshr] wiol vt 714
d 719 2 2H (http://www.climate.go.kr) ol A A|55H=
BOMAlo} AUt @ 2FRE E-gotgl o, iR 914 A
Hol| g Y F=Eato] ARSIl Alve] e Al Al
(1979~20159)7HA] 0] At 2= IHA 74P R 2R ZF ALt
g g FASH 7)1 AHE AUH, o]F AU e oS
FE 242} 71425 9] 2ol 7t HAskE Ae ERld 4= 9l
o} o9k 1979 o] B9 278t dAA= 7t 714
2w Aupe] Q0] F=A gho] Rl A §EGE T oA
£ = AR5 &8l gol, dd Alvele A=E
SHE SFITH(Fig. 2).
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o] HRO| AL S2FHH nEA 2 Ad o
oAl Bl tiz BdA] o e Fofo] Uegle 23
Fxslnt A% Aol A AR 98 7x 55 st
A2 A, FT AU 9 AT 2o A-elle 37kt
Aol §A18 Aeg st en, 1 oo ERg 4
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9] 7ol =R 52 et 4k Tty 52§t
o 1950 o] F&x]of 1960LSEHTE1 AHxEHE A
71431t (Bae et al. 2012; Lee et al. 2018). W2HA 2
o] 27]8F AL 195010 5-E] A #oto] FAo] o] Fo]
t}, 53] 9oz F Aol Al AF gl et theF
S8 o] H1E1 9l o) oF AFA =8 thAto 2 5
= At digz]of] digh FAAQ1 W8-S &1st] o9
= A 52 3ot Atdo] detal fARH Sd= o
= S 7HY5EITH(Kim et al. 2016a).
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ol
o

|o

o ogh Hu

ol

23 A7 YH

& Ao A= IASACIA 7HEer BGC-MAN 299
AT EQL QI o] AF SHsto] J-55kgint, wheha] o
HEA Q1 BGC A9 9] By h= thaA o= 2 dAof &
A =5 7hsote] QI H o]~ 23 Ylshs F4e
& F-50] o] ottt F AH | Aolle avtret
Lol s S5t Al AEE Y A=A 2A o
/‘1'7\] FedE E ol = AP ste] B A5t 7]

T H O] 79, mtclim43 2 dmout2bgc 5 A2 o] =]
Aol S Fofl 1o w712 e A-8stal By
A 1A 75 FHE A= o] PAle 2Aste] RERo
Z-g5elrt. ofof & AollM= FEeHe] ANl Ha
AX]E utefstr] flsto] 71437k E 0] AlFAIA (19799) ©I

Q1 1991378 210018741 2] 4FH O] = AAAH (Net
Prlmary Productivity, NPP)& S5 4 0= HOJ6I3Ith &
A2 ZF sSP AU @ E FFEGlom, B dEE
TF&5 s TS| g A} e Sl

2y Al tigt A5 @A A7 VR &
Ask= Ao =5 2gs 71E 271 Hlwshk= A
I S HES T AEE Aet Hlasks = 7 B
A& Foll olFolRlth. S E Y A9e] 452 i
2 €] NPPoll thet Add A7t = 735 sid "HE Hl
wotlom, T U Y4HY (Gross Primary Productivity,
GPP)¥to] EAJsh= 7-¢oll= ol& w= 4HEste] H

2 off
o <
oo R

_‘%
ket ZZ o] 7]9ket A At 52 TR §
NPP H91E Hluste] Rgo] Aiks A5t
F3F MODIS®} 2ol 9/ F/d= 53l ALt NPP
S0 HWE S et 9 Eitof gt Huhy
A Akl digh 219t AFd-S metstaitt. MODIS

e}
Y
ol
L
8

ro [‘?,1
o 2

NPP modeling in South and North Korea

AFEE] A= vy de 85T Qs A
MYD17A3HGF®| NPP AH&25 &85t oid 2t
L A AAZ 500m HA 0 &2 BUEFsto] At Avlg
2001 95E 2022187421 2] 2t25 Al g5t et

3.2 1

3.1, TSR A AHER A Mg A

BGC-MAN 13-& 5ol ZolH A e A o] A4t
= UEHl= A1 31 NPPO] A4 B4t 442 5.17 Mg C

ha™'o]Qlom, Hdigt 9 HAzkE Tefstols A1) W9
£ 3.30~8.19 Mg C ha™' 2 EZE Q). 24 iAo &
T s (NKHJQ), A5+ (NKJJQ), A8 (NKSHP), At
H(NKSRP), 94HNKWSQ), &5 &H-5 (SKGNP), &
5 ZAUEH (SKGNQ), A (SKSMQ) FEANA= &
7t ol W gk 2@ HAZEO R 2.80~7.76, 2.44~6.98,
-3.08~7.84, —1.84~7.90, 4.18~8.59, —3.29~12.35,
2.93~.21,4.01~9.20 Mg C ha™' 2] H$|E E I TH(Table 3).
MAGH o2 2H Nppe] gkt HAgkS Bk
= EH FUE AR NPP= A &2 02 F(+)2] A
Holovh AU 7o) Z-olli= 2]azkel A NPP 4t
o] &(-)9] gro=Z Yeht= Ao Yebgth ekl
NPPO] A2 HH, 2100W7HA] AutH o2 Fho] Z7}
Sh= ZAgrolztal & 4= qiok. JEv 7k vt & 4
UE 205087k2] 9] A F7h= SRl Hlw A A2
JefollA S7F FAIE B2, 20501 o] T2 ¥ n]ef
o= B L] T3 Zo] AR= FEI=E Ftol 7ok
FA= =Z =3tk (Fig. 3).

w

PR i L gk

®i0t0] 2} vl

A 2 AR Al NPP @2 2 Aot £
e AT B ' Sl 97 Ztol7h EAiste] A3
Bl AlRHA el I, 2 Aol A FAA
(1991~20209) ¢} HI o= gk(2021~210049) = A
& Aol A AAIGE 2] e HlwsklS w F 27t A
g o2 FARHA =& H U 4 -2 uEt SKGNP
% SKGNQO| 73-¢-oll & AtollA FAT A FHA] =
2.32~5.42 Mg C ha'¥} 2.93~5.54 Mg C ha™'°].2H, of
Al Higt 4 Aol AAle w ol Y 74 A

ot
fr o
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5.37~7.20 Mg C ha™'¥} 4.00~6.55 Mg C ha™'2] He|2 1}
Eht 2 Aol 8410 Ayt 2 4 el 24k
o] fFAMI& ZHAltt. Tt Bl 5 iH 8ol 71
w9 AMAE BE Aot Qlou 7% B
o2 Aol & AT L HelE vha 2A et &3,
SKSMQ®] 7-F-lli= A3 Aol GPP] 4= Al AISHAL
el ol gho = vl 7hss e, REA Rl 3ol w9l

Oc&ir
e

o

dl

7} B3} AT (Table 4).

W 53k oz @ fAE
AR2 gRs] olH Yot fAR
Fgom Bt A9e

]E’.—_ [R=] /\]7\44. EHM-;(]

Table 3. Net primary productivity (NPP) estimation of forest stand sites (unit: Mg C ha™)

EEY

LI

371

A0

Ll

TofRt A3y Atetel Hlwrt 715t
et Cui et al. (2014)°] 7F-9-oll=
T} 9] NPP 3L Rolstely, B dAtoA=

oflt l-I'U
L ol

o
=

A

4.53~597Mg Cha™'=

1.46~6.757}

Zlol= Qlo) MukAd o 2 A

NKHJQ NKJJQ NKSHP NKSRP
Category Scenario

Avg. Max. Min. Avg. Max. Min.  Avg. Max. Min.  Avg. Max. Min.

SSP1-26 416 450 384 372 398 341 431 598 146 4.03 556 2.43

Historical NPP (1991-2020) SSP3-70 3.63 4.13 325 3.23 3.74 290 419 526 269 388 502 214
SSP3-85 319 377 280 279 330 244 402 478 312 375 452 2.77

SSP1-26 468 483 455 417 430 406 455 6.14 148 4.02 494 1.66

2020s NPP (2021-2030) SSP3-70 431 455 408 384 4.16 363 412 537 334 407 554 3.22
SSP3-85 389 403 370 345 357 327 419 468 331 399 455 2.95

SSP1-26 504 519 477 451 4.71 432 462 585 1.87 445 6.34 2.22

2030s NPP (2031-2040) SSP3-70 484 510 458 434 459 402 436 599 286 397 526 2.86
SSP3-85 438 473 4.06 388 420 354 415 501 331 390 492 2.86

SSP1-26 546 570 525 490 5.18 466 4.42 751 -0.83 437 6.63 0.10

2040s NPP (2041-2050) SSP3-70 534 563 500 481 5.00 434 466 6.08 313 421 5.09 2.10
SSP3-85 494 505 482 441 4.58 413 424 553 235 417 549 1.93

SSP1-26 589 6.10 566 536 562 519 470 6.51 224 445 577 2.28

2050s NPP (2051-2060) SSP3-70 592 619 564 532 557 512 458 6.14 340 429 6.20 2.10
SSP3-85 559 6.01 537 500 535 464 427 614 -305 399 578 -184

SSP1-26 642 667 623 586 6.06 567 448 6.92 195 425 6.18 1.73

2060s NPP (2061-2070) SSP3-70 661 691 6.22 6.01 6.31 561 434 6.50 0.02 427 695 -0.76
SSP3-85 638 6.77 6.14 559 596 536 475 6.17 060 437 562 1.29

SSP1-26 619 673 593 558  6.09 533 5.20 742 253 478 705 1.97

2070s NPP (2071-2080) SSP3-70 586 674 551 533 6.21 5,00 5.26 767 253 487 719 2.38
SSP3-85 558 675 518 495 593 463 523 746 117 4.88 790 -0.1M

SSP1-26 649 694 616 592 6.28 559 4.71 758 -0.13 451 6.80 1.33

2080s NPP (2081-2090) SSP3-70 598 643 565 545 579 512 468 694 -0.08 453 657 1.18
SSP3-85 566 6.09 532 510 545 478 467 672 -005 448 6.35 1.26

SSP1-2.6 734 776 695 6.63 6.98 6.31 5.15 784 1.68 4.87 703 2.92

2090s NPP (2091-2100) SSP3-70 684 726 644 6.16 6.53 583 5.05 728 1.67 480 6.45 2.94
SSP3-85 650 692 6.11 583 6.20 550 5.00 6.78 220 476 625 2.96

SSP1-26 574 6.05 548 518 547 495 468 6.86 136 441 6.26 1.85

Total average SSP3-70 548 588 515 494 532 462 458 6.36 217 432 6.03 2.02
SSP3-85 512 557 483 456 4.9 425 450 592 144 425 571 1.56
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Table 3. Continued

NPP modeling in South and North Korea

NKWSQ SKGNP SKGNQ SKSMQ
Category Scenario
Avg. Max. Min. Avg. Max. Min.  Avg. Max. Min.  Avg. Max. Min.
SSP1-26 578 675 492 454 542 253 501 bb4 449 567 6.10 5.36
Historical NPP (1991-2020)  SSP3-70 540 598 4.48 4.11 522 320 412 472 362 488 533 4.49
SSP3-85 502 559 419 373 472 232 347 395 293 436 489 4.01
SSP1-26 588 658 516 463 620 -048 562 578 547 623 647 6.08
2020s NPP (2021-2030) SSP3-70 559 622 479 427 539 3.06 455 490 406 551 572 5.30
SSP3-85 537 587 495 363 436 259 375 4283 3.06 507 521 4.92
SSP1-26 595 640 524 468 539 384 568 590 543 6.58 6.78 6.29
2030s NPP (2031-2040) SSP3-70 566 642 513 5.12 732 236 464 481 443 599 6.19 5.76
SSP3-85 524 583 468 515 6.75 349 408 4.27 390 546 576 5.12
SSP1-26 625 666 590 462 587 159 6.08 6.45 576 6.96 7.31 6.65
2040s NPP (2041-2050) SSP3-70 594 679 521 460 496 432 511 548 475 643 6.68 6.12
SSP3-85 566 637 427 45 493 428 463 5.00 427 599 6.17 5.81
SSP1-26 623 653 585 500 847 -0.16 6.72 702 6.38 733 763 7.20
2050s NPP (2051-2060) SSP3-70 625 727 536 487 551 390 580 6.1 544 694 727 6.60
SSP3-85 577 660 465 487 551 399 533 563 499 649 6.76 6.29
SSP1-26 690 750 6.22 513 9.06 165 734 765 704 777 799 753
2060s NPP (2061-2070) SSP3-70 6.31 707 570 486 847 022 644 6.78 6.14 746 784 706
SSP3-85 576 6.82 481 491 8.28 022 599 6.29 567 703 732 6.64
SSP1-26 709 753 649 444 890 -164 792 830 762 764 8.07 721
2070s NPP (2071-2080) SSP3-70 693 859 499 489 790 -056 710 744 680 694 775 6.49
SSP3-85 690 838 544 493 827 -092 662 693 6.39 6.51 735 6.10
SSP1-26 717 779 678 534 981 196 840 890 794 805 849 770
2080s NPP (2081-2090) SSP3-70  6.72 729 630 552 1011 -3.04 778 813 745 728 772 6.88
SSP3-85 6.60 714 618 517 848 132 723 749 6.97 6.88 732 6.47
SSP1-26 787 851 715 592 1235 -105 896 922 850 885 921 8.65
2090s NPP (2091-2100) SSP3-70 746 813 671 437 1190 -295 827 870 786 8.14  8.56 776
SSP3-85 729 793 655 509 915 -330 792 837 744 775 817 737
SSP1-2.6  6.57 714 597 492 794 092 6.86 719 6.51 723 756 6.95
Total average SSP3-70 625 708 541 473 742 117 598 6.34 562 6.62 7.01 6.27
SSP3-85 596 6.72 508 467 6.72 165 545 580 507 6.17 655 5.86
3 AFE ZARN S E =ESIAH ELL Kim et al. 9, 2 Ao A= SSP AU 2 71F AmE A E
(20162)9] Al NPP gh TAFAHTH: AL 20 ), A9] gL HeIH) A sEE ek
glglont, ek el A A Sate] v]wE S vlef &

= Song et al. (2019)—4 Oq?")ﬂ/‘i
S22 AFRSHHr

P AL 2 7]%

3.3, QB4 TIuh WA AEEM| 2 Hm
2} 71@ Alube) 9] ne £ @79 %4 23t MODIS
A4} AE Bl THE NPP gL MRS o) A

0 & MODIS 9/ AHE229] 277t 2 208 Ve

{
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th FgHor AmHEM SSP1-2.690 719 7] % AlutE]
95 #3198 Al 94 AAEET] Zpo|7} 1 A,
SSP3-7.03} SSP5-8.5014 9] 24 i A AT =He=
A7t FEHAA Yebgt ol2|ek A= Ao g o

2 AHOo R k=AY 41S FolAE UErgow, ZH27F
4 7127] e E35) BAZAEE AFALL oietsl 2~ 9l
Sick. ofuf, 7 AR R® FEE 0.941~0.957 Ato] 9] g
7VAleh. 3], sSP5-8.5¢14+= MODIS %/37e] NPP 2}
°]7} 1~2 Mg C ha™ oF e &= sol=t, ol= =4
S 719 IS 7R 718 Alue] @.9] gaFe] ARt A
© 2 mhETH(Fig, 4).

~——SSP1-2.6 NPP

~—SSP3-7.0 NPP
8.00

~——SSP5-8.5 NPP

Average net primary productivity (Mg C ha"')

2.00
1991 2001 2011 2021 2031 2041 2051 2061 2071 2081 2091

Year

Fig. 3. Trends of estimated net primary productivity by biogeo-
chemistry management (BGC-MAN) model during 1991-2100.

4. 1 %

=AH o2 ASH 7N A A A RS ekt
FE vl A-gate] ATyl A B7IsEe Al A
HEA 0] Ax}AYARA O] 2= Q) =L BiloAo

® SSP1-2.6

e SSP3.7.0

® SSP5-8.5

SSP1-2.6

SSP3-7.0

s SSP5-8.5

Average net primary productivity by model (Mg C ha')

o L 3
2 3 4 5 6 7 8

Average net primary productivity by MODIS product (Mg C ha™)

Fig. 4. Comparison between modeling simulation by scenarios
and moderate resolution imaging spectroradiometer (MODIS)
products.

Table 4. Comparing modeling results with previous literature (unit: Mg C ha™)

) Historical Estimation )
Station code (this study) (this study) Literature Reference
NKHJQ 2.80-4.50 3.70-776
NKJJQ 2.24-3.98 3.22-6.98 4.53-5.97 Cui et al. (2014)
NKSHP 1.46-5.98 -3.05-784 0.81-6.03 Kim et al. (2016b)
NPSRP 2.14-5.56 -1.84-790
NKWSQ 4.19-6.75 4.27-8.59 6.75 Song et al. (2019)
5.37-720 Eum et al. (2005)
SKGNP 2.32-5.42 -3.30-12.35
6.39 Song et al. (2019)
4.30-6.05 Lim et al. (2003)
SKGNQ 2.93-5.54 3.06-9.22 4.00-6.55 Lim et al. (2010)
4.28-5.39 Song et al. (2019)
4.01-6.10 4.92-9.21 8.72 Song et al. (2019)
SksMa 6.84-10.63* 8.72-15.46* 11.93-12.06* Shin et al. (2012)

*Value of gross primary productivity (GPP) from original data for comparing previous research
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