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Abstract

The purpose of this study was to estimate the spatial-temporal NPP(Net Primary
Productivity) and SCS(Soil Carbon Storage) of forest ecosystem under climate change in the
capital area of South Korea using Mapss-Century1 (MC1), one of Dynamic Global Vegetation
Models (DGVMs). The characteristics of the NPP and SCS changes were simulated based on a
biogeochemical module in this model. As results of the simulation, the NPP varies from 2.02 to
743tCha’ yr'1 and the SCS varies from 3455 to 84.81 tC ha”' during 1971 ~2000 respectively.
Spatial mean NPP showed a little decreasing tendency in near future (2021 ~2050) and then
increased in far future (2071~2100) under the condition of increasing air temperature and
precipitation which were simulated by the A1B climate change scenario of Intergovernmental
Panel on Climate Change (IPCC). But it was estimated that the temporal change of spatial mean
NPP indicates 4.62% increasing tendency in which elevation is over 150m in this area. However,

spatial mean SCS was decreased in the two future periods under same climate condition.
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Fig. 1. Study Area: The capital area of South Korea
Table 1. The characteristics of selected sites and capital area
A B C D Study Area
discription Kwangneung Kwangneung Kumto Chunggye Capital
Forest Forest Mountain Mountain Area
(KoFlux DK-site) | (Samping site)
latitude 37° 45 25.37" 37°47°1" 37°23' 45" 377252
longitude 127°9"11.62" 127°10° 37" 127°5'1” 127°3' 22"
altitude(m) 244 341 129 330 130
yearly mean past near 10.1 9.38 11.08 9.76 10.84
temperature future far 11.2 11.48 12.53 10.87 12.23
‘O future 13.8 14.14 15.22 13.5 14.88
monthly mean past near 97.96 95.35 101 95.8 100.69
precipitation future far 107.3 109.8 111 102.8 110.95
(mm) future 121.2 123.7 124.5 115.6 124.54
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Table 2. The results of Net Primary Productivity in selected
sites and capital area
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Fig. 2. Spatial-temporal mean Net Primary Productivity
(tC/ha/yr) changes based on the regional groups in
the study area in past(1971~2000), near future
(2021~2050) and far future(2071~2100).
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Fig. 3. Spatial-temporal mean Net Primary Productivity
(tC/ha/yr) changes based on the type of forest in the
study area in past(1971~2000), near future (2021
~2050) and far future(2071~2100).
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Fig. 4. Spatial-temporal mean Net Primary Productivity
(tC/ha/yr) changes based on the altitude in study
area in past(1971~2000), near future(2021~2050)
and far future(2071~2100).

Table 3. The results of Soil Carbon Storage in selected sites
and capital area
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Fig. 5. Spatial-temporal mean Soil Carbon Storage(tC/ha)
changes based on the regional groups in the study
area in past(1971~2000), near future(2021~2050)
and far future(2071~2100).
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Fig. 6. Spatial-temporal mean Soil Carbon Storage
changes(tC/ha) based on the type of forest in the
study area in past(1971~2000), near future(2021
~2050) and far future(2071~2100).

SCS7}F Hasklth(Fig. 5).

AR HHEH 4744 A%, A 3
 SCS7} 68,81 C ha * & %H‘S#%S’J 66.34 tC
ha ' of ul8) 3%7he EA mojEiglon FgsT
3} Bg] = g L7kl A= 7\]/\ Hog ¢
Al S YERYTHFIg. 6).

1V, 12k

NPP &9 Ayl & A-ftoli= A X9 1A
27k O] o] 6.67 tC ha | yr | & UEhgon
A3 5(2010)> 5 A% NPPE Community
Land Model 3.5-DGVMZ Al&go]Aa A}
6.04 tC ha ' yr ' & mojalo] B AR} 9.4%
Ao}, AA4e] W NPPE 6.27 tC ha ' yr |




e

>
>
M

>y
Ton
=}

U= /712 M2 ap MOl sUXMMEI EURAKYUZO| AISTH Hat £ 763

g NPP 5.95 tC ha " yr " o ¥]
3 &= ®owlo] TAH (20112 At} Bt

U
JiAH
>
o
1o
o,
=N

o
of

ol oY %2

flo b
b
o
N

oo

o

n
s
B3R
%

2
o
x

Ir
N
oo

2
lo n
it
olN
N

ol
ol

HSS A AFHoR 2Al] S 7 1897t
o 715 Aok AV o] it 94 BE ARS
BAste] 7|Fulsle S5 29we} 1o Ao
9] Al RS WAAA A AFH 2= NPPE
6% A= S7HAZITkAL 3k, Peng et al (2009)
< TRIPLEX R4l& o]&3lo] S=555F 299
A AT C, N AsS o3t 2 &9} 7k
o] Z7kskz 715 Alue] 20014 199992 712
2 20304 djoll= AFd 2] NPP7} 1~3%, 2090t
ofl= 6~14% F7Ftal akqlct, ol=gt =& A+
Al 1E7 22 4y A" A Yo 2 A
T A = BAHE 236k R AFRA
o & Zo)7k ot B AGe] ik 150 m ©]
A} AR 2] ol A= NPP7} 21008 717] A &80 =
Zolels pAS mo] A7) AT AeT A5}
Ack(Fig. 4).

SCS ®o] Ay & Aol A= A A9 A
OFeFA AL 7757 tC ha - B WOlHY oL}
334 520100 CLM 3.55 830 Eofeta
%S 738 tC ha | (& 70 Aupx| WL} 4.8%

2 HOE Algdold sk, A AR HNA
ol A4 5(2005)& 89.3 tC ha ' (4 30cm)E
FAkTt B A8 ¢ & A Ay EgH
AARTFE 7519 tC ha - 2 moJstglon), olo}
5 520092 A7 FSAY EFHagE ASA
7} 45.40+3.87 tC ha ' (E4] 30cm)o|w] 2 £

3

I

o\
o
I
H1
=
=
N,
o
s
of:
NN
a2
A
ox
©
=h
=)
H1
jnics

4 ,
o, S ol gt moRkage] Wl 7
£ZAA} Ul Erie AES EEe v
WSS S B R AelA A4
o hashs 4e Bt

A2 d3to] Wi njg EgeTagE Hofgt
2 Bonan and Van Cleve(1992)+= 7lut} 3t
oA, Melillo et al(2002)2 u|= wjAEA =
FY &= Ao A Neff and Hooper(2002)+= &2
27} oA, Trumbore et al.(1996)2 3
7]20] 7l R 7)) A Bl A
LA o] Zraxgithal skQith Peng et al.(2009)
< TRIPLEX R2& o] 83t Fx55T A%<
AH BT C, N AsS 2R A1 28 74
Fol S7Fk= 713 Alute] 20014 19998 712
2 20309 toll= At o] EF 'hax7} 5%, 20909
Holl= 3% #Aagehal st 2=7F AH B
Soll A== gl ofd FFE m|A=A], & 7
S-S} wE EEAY] HItE ofF] =7Ho of
A7} dob Qe (Davidson and Janssens,
2006), A A & 7] 2H3F7} dojuA =H EF
W oEe] g o= Qlsto] EgRtaTt Hashe
Ao® g glo] & Aol o] Amet K3}
aHitt,

2 A = o) ghat AR SR ek
= o2t ofof whe} ZfjAdo] Alg
oAl 285t DGVMe] w]=t)
e myos Ut X3
B S4e 2 wgsta SIA| ok
EAsl7] wizolct, f-2uete]
a3 AR e 239 Fda of

St S 98 A7)

oy

URNEY

ok

2
©

N
-

A

o

}

o,

-

o,
e
fo

i <

~

A

L

2 o
N
@

Am

o
o=
rd

¢

l
oXx
o

o
oZ
oY,

2,
BN ofN
> o fTopO WE ox ol

so
fr

et
o ©
iltad
Jlﬁl'
W
ot

HL

1

N

il
o:

i—{):ﬁ%‘ﬁ:_&rb%
~
Y

>
1
12
o
U
kL
fo
ek
P
o
o

B>
N o
o ﬂ;
ot
o ‘>~
-
N
T -
% g
s s
+ o
nﬁ >
T o
ﬂ.llO mj
>4
4=
>
£ o
v 2
o



764  ESAFESHIL M1 M55

7153} culste] o|sshekd F4UORA
ol that Fao] R4 gk A2 AUS 9
Qbsfe] Tk AU FEEYAL ol 2= 4
A2, A ] 245 Ex0|§A2 U
Aglel 23 A 229 Bat olek. 4
AN Fhatst] gL J1uate] 0e W
St gol Qofhs Aote) e Hastota, 7
uhg ZAsheehe olo] e dhokat 57 el
o AN BaG Aolth oleldt ATANE )
2 715 BX0l8A8 YA JHsle] B o
L HAaTele Yere BALY P 4 9

© ARE AlFshe H & A7l 997k A,

A} A}

KEITI(403-112-005) ¥ NRF(2009-1419-5)o]
Ago] o3 ol o] F&u, LethatL GIS/RS
AE 9] 245 Aol 7] 7HA1E A},

X+ 7

O
oL

ok

SH7IFAEA, 2009, 715HS} o]s)sl7]: IPCC
42} F7 A ARSI 10T 7)< 00f
By F9F 188 A 07

2004~2010, AZAAR, AHH

)

AP,

http://www.forest.go.kr

AFEA, 2009, 715@ske 4bY 26p, http://
carbon. kfri.go. kr

GAA, 019, £83) Akihiko Tto, 2012, AE
A 283} A7 AARE o] 83 &1
ueh AR ' ] 24, iRt A AR
317, 28(1), 145-157,

ojglol, 0|93, A, olxs}, Fddo}, e,
2007, 71& Bl =il Al Hste]S Bl
Hol4, S=GISeHE] 4], 15(3), 267278,

o]/%l—id ZJHE 0]—‘%—??— \:II—EHX] g_/,:z‘ﬁ 71/\0}
2011, 758} Alupe] .o whE Ak 3
oFg 7, erelekE]A], 100(2), 256-265.

olol2 Wil SEHA, oA, AMAY, o)t 2
44, £88 2009, AEANEH HIL
0] 83} Yasso HmEO] ALY EkerA 2] AeF

74, e=rdek] A, 98(6), 791-798,

o]xHH /\—]N-OV D]Oﬁ ;szPo] 71Z :IL;‘(_]“IJ", lill—ﬂ-]
&, =93 A 2005 FS Y9 &

FHY g A, FeEdr)dEte
dhE 2, 15-18.

A3A, o]g3s], HaEA, 2010, BT dFTHAA
Community Land Model version 3.5—
Dynamic Global Vegetaion Model®| 3
71, 51%3&‘“"7]”’3@] 12(2), 95-106.

FA, A, 0

A%

ok
-

A,
ooé”oi —E'c“f& s
AP sk 7 FARY
.tk AEArele]#], 27(4), 467-480.
Bachelet, D., Lenihan, J.M., Daly, C., Neilson,
R.P., Gjima, D.S., Parton, W.J., 2001,

MC1: A Dynamic Vegetation Model for

=
1}
o
3

Estimation the Distribution of Vegetation
and Associated Ecosystem Fluxes of
Carbon, Nutrients, and Water, Technical
Documentation version 1.0, U.S.
Department of Agriculture, Forest
Service, Pacific Northwest Research
Station.

Bonan, G.B. and Van Cleve, K., 1992, Soil
temperature, nitrogen mineralization,
and carbon source-sink relationships in
boreal forests, Can. J. Forest Res. Rev.
Can. Rech. Forest, 22, 629-639.

Choi, S., Lee, W.K., Kwak, H., Kim, S.R., Yoo,
S.J., Choi, HAA., Park, SM., Lim, J.H.,
2011, Vulnerability Assessment of Forest
Ecosystem to Climate Change in Korea
Using MC1 Model, Journal of Forest
Planning, 16, 149-161.

Davidson, E.A. and Janssens, 1.A., 2000,



i
rx
H>
M
rx
Joir
=]
0z
0
~
N~
Hoi
rE
fon
2
i=]
[ru
4>
|.|-|

4 MO| 2URMSAYT EYELARERO| BN HEt 2H 765

Temperature sensitivity of soil carbon
decomposition and feedbacks to climate
change, Nature, 440(9), 165-173.

IPCC, 2007, Climate Change 2007: Synthesis
Report. Contribution of Working Group
I, and to the Fourth Assessment Report
of the Intergovernmental Panel on
Climate Change. IPCC, Geneva,
Switzerland., pp. 104.

Lenihan, J.M., Bachelet, D., Neilson, R.P.,
Drapek R., 2008, Response of Vegetation
distribution, ecosystem productivity, and
fire to climate change senarios for
California, Climate Change, 87(1), S215-
S230.

Lenihan, J.M., Daly, C., Bachelet, D., Neilson,
R.P., 1998, Simulating broad-scale fire
severity in a dynamic global vegetation
model, Northwest Sci., 72(2), 91-103.

Melillo, J.M., Steudler, P.A., Aber, J.D.,
Newkrik, K., Lux, H., Bowles, F.P.,
Catricala, C., Magill, A., Ahrens, T.,
Morrisseau, S., 2002, Soil warming and
carbon-cycle feedbacks to the climate
system, Science, 298, 2173-2176.

Neft, J.C. and Hooper, D.U., 2002, Vegetation
and climate controls on potential CO2,
DOC and DON production in northern
latitude soils, Global Change Biol., 8,
872-884.

Neilson, R.P., 1995, A model for predicting

continental scale vegetation distribution

and water balance, Ecological Applications,
5(2), 362-385.

Nemani, R.R., Keeling, C.D., Hashimoto, H.,
Jolly, W.M., Piper, S.C., Tucker, CJ.,
Myneni, R.B., Running, S.W., 2003,
Climate-Driven Increases in Global
Terrestrial Net Primary Production from
1982 to 1999, SCIENCE, 300, 1560-1503.

Parton, WJ., Schimel, D.S., Ojima, D.S., Cole,
CV., 1994, A general study model for
soil organic matter dynamics, sensitivity
to litter chemistry, texture, and
management, In: Quantitative modeling
of soil forming processes. SSSA Spec.
Publ. 39. Madison, WI: Soil Science
Society of America, 147-167.

Peng, C., Zhou, X., Zhou, S., Wang, X., Zhu
B., 2009, Quantifying the response of
forest carbon balance to future climate
change in Northeastern China: Model
validation and prediction, Global and
Planetary Change, 66, 179-184.

Rodhe, H., 1990, A comparison of the
contributions of various gases the
greenhouse effect, Science, 248, 1217-
1219.

Trumbore, S.E., Chadwick, O.A., Amundson,
R., 1996, Rapid Exchange Between Soil
Carbon and Atmospheric Carbon
Dioxide Driven by Temperature Change,
SCIENCE, 272, 393-396.

ZIZS O 12, 09. 28



