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ABSTRACT

Forest ecosystem provides variety goods and services for human being. Unlike goods, forest

ecosystem services could not be easily priced by market mechanism. This uncertainty has been

caused to conflict in decision-making related forest ecosystem services. Quantification of forest

ecosystem services is required to understand the importance of ecosystem services and their contri-

bution to decision-making. As a growing concern of climate change, it is necessary to quantify and

calculate carbon storage and sequestration in forest. In this study, for quantifying carbon storage

and sequestration, we compared scale, output, input data availability of the models and analyzed

the applicability of the models to Korea. The results of this study show that most models are app-

licable for quantifying carbon storage and sequestration. However, relatively few models are app-

licable for other regulating services (air quality regulation, flood mitigation, erosion control, water

quality, etc.) of forest. This study would be helpful for quantifying regulating services of forest eco-

system research.
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Table 1. Input and output factors of the models
Models Input factors Output factors Scale | Type | Reference
- Air temperature, precipitation
vapor pressure
- Incoming surface solar radiation
- Net surface short/long wave radiation |- Net Primary Product (NPP)
- Wind speed - Net Ecosystem Product (NEP) Sasai ef
asai e
BEAMS | - fAPAR - Autotrophic respiration G P 1(2005)
al.
- Leaf Area Index (LAI) - Litter fall
- Land cover map - Soil decomposition
- Soil texture
- Soil depth
- Elevation
L - Vegetation distribution
- Monthly precipitation, temperature Soil carb ;
- Soil carbon storage
- Atmospheric CO,, humidity, climate g Cao et al.
CEVSA . . . . - NPP G P
- Soil moisture, soil carbon, vegetation NEP (1998)
t
ype - Vegetation carbon storage
- Global temperature
. - Atmospheric carbon
- Human population
. . - Sea level
- GWP (economic goods and services) Boumans et
GUMBO . - Water G P
changes (economic investments, . . al.(2002)
. - Gossil and alternative energy
consumption) .
consumption
- Area of different land covers
- Actual evapotranspiration
- Climatic data: Precipitation, - Soil carbon
temperature, vapor pressure, wind - Run off
L. Bachelet et
MC1 speed, solar radiation - Total tree NPP G P /
al.
- Soil data: Gridded maps of soil - Max LAI trees and grasses (2001)
texture, rock fraction, soil radiation, - Vegetation ecosystem
soil depth, soil texture, bulk density Modeling and analysis project
(VEMAP) vegetation classes
- Climate condition: Ground surface tem- NPP
perature, air temperature at 2 m hei- . .
. . - Gross primary production
ght, total precipitation, mean cloudine-
. (GPP)
ss, soil temperature at 10 and 200 cm .
. o - Leaf area index
depths, specific humidity at 2 m abo-
. . - Plant carbon stock
SIM- ve the ground, wind velocity . Ito et al.
. .. . - Soil carbon stock G P
CYCLE |- Soil condition: Rooting depth, water- (2005)

holding capacity, hydraulic conducti-
vity

Secondary data: Day length,
photosynthetic photon flux density, net
radiation, soil water content

Total carbon stock
Biomass turnover

Soil turnover

Radiation use efficiency
Water use efficiency
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Models Input factors Output factors Scale | Type| Reference
- Climate data: Daily maximum
temperature, daily minimum
temperature, daily precipitation, daily NPP
shortwave radiation, daily wind NEP
VISIT |~ Vapor pressure deficit - GPP G p Ito et al.
- Soil data: Percent clay content, percent . . (2006)
. - Soil respiration
sand content, percent silt content, field . L
. e . - Heterotrophic respiration
capacity, wilting point, saturated water
content, rooting depth, soil depth, soil
type
Litter
D
- Aboveground biomass cadwood
. Slow DOM
CBM- | - Belowground biomass Soil carbon R G Kurz et al.
CFS3 - Aboveground dead organic matter (2009)
. Snags and aboveground
- Belowground dead organic matter .
Biomass
Belowground biomass stocks
- Land use map
- Aboveground biomass Natural
InVEST | - Belowground biomass Total carbon stock R G Capital
- Soil organic matter Project
- Dead organic matter
Statistical
Forest | Forest T}fpe Map (FTM) Forest volume Kwak et al.
- Hydrological and Thermal Analogy . R G
Growth Group (HyTAG) - Height (2012)
Model p Y
Statistical
Forest |- FIM Forest volume R G Yu et al.
Growth |- National Forest Inventory (NFI) Carbon storage (2013)
Model
Statistical | - FTM
Forest |- HyTAG Forest volume R G Nam et al.
Growth |- NFI Carbon storage (2013)
Model |- Final cutting age
- Growing stock
Statistical | - Forest bulk density CO, sequestration R G Kim et al.
Model |- Biomass expansion factor O, production (2010)
- Carbon fraction
- Total carbon stored in living (above
CO,FIX- plus belowground) biomass . Noble et al.
. . . - b the at hy L
CAFOR |- Carbon stored in soil organic matter Carbon in the atmosphere G (2000)
- Carbon stored in wood products
- Total tree
- Underst lant Welh: t
FORE- ncersiory plants . Total forest ecosystem carbon eiham e
CAST |~ Coarse woody debris roiections L G al.
- Litter proy (2001)
- Soil carbon pools
G: Global, R: Regional, L: Local, P: Process based model, G: Growth based model.
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% EEA(ux) FF ARE ol §3te HF 7Hs
g 2 7]uk VISIT 28942 5, 2012)00

sl BAStgich Ea, A (27 th 2o
A8o] 1Lty 92iztg Bt L0t CBM-
CFS3 X3 (Carbon Budget Model for Korean
Forest Sector, ©]94 =, 2013), AFSIAARY
(Yu et al, 2013; E7I&, 2013)2F B gFoA
7538t InVEST 23} FAEY o] ofjs] vt -
dstgict.

T

3.5.1 VISIT 23

VISIT 288 31 #7382 olgs
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2F(Gross Primary Production, GPP)Z} &YXt
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Table 2. Availability of input data for quantifying carbon storage and sequestration to Korea

Available data

Model Applicable i f
odels pplicable input factors in Korea Source
Climatic data o KMA
BEAMS Solar radiation data (1nc9@ng solar radiation, net sur- N i
face short/long wave radiation)
Soil data ¢} FAO, NAAS
KMA, NIMR.
Atmospheri ta o ? ’
ospheric da Lee(2008)
. Yu(2006),
Soil data o}
CEVSA of aa Lee(2008)
Yu(2006),
Vegetation data ) Kirilenko et al.
(1998)
Climatic data KMA, NIMR
i O
MCl Soil data NGII, FAO, ISRIC
KFS, NGII
Vegetation dat o ’ ’
cgelahon caia Choi e al.(2011)
Climate condition (soil temperature at 200 cm depths) x -
SIM-CYCLE Soil condition (hydraulic conductivity) x -
Secondary data (day length, net radiation, photosynthetic N
photon flux density)
Climatic data ) KMA
VISIT Soil data o NAAS, USDA
Secondary data ) MEV, IGBP
Biomass pool ) KFS
CBM-CFS3 | Aboveground DOM pool ) KFS
Belowground DOM pool ) KFS
Eggleston et al.
. (2006),
B 1 o}
InVEST 10Mmass peo Hong et al.(2010),
Hwang et al.(2010)
Soil data Hong et al.(2010)
Forest Growth | Forest type map © KFS
Model National forest inventory KFS
Statistical
i (@]
Model Biomass pool KFS

FAO: Food and Agriculture Organization, FTM: Forest Type Map, IGBP: International Geosphere-Biosphere
Programme, KFS: Korea Forest Service, KMA: Korea Meteorological Administration, MEV: Ministry of Environ-
ment, NFI: National Forest Inventory, NAAS: National Academy of Agricultural Science under Rural Development
Administration, NGII: National Geographic Information Institute, NIMR: National Institute of Meteorological
Research, ISRIC: International Soil Reference and Information Centre, USDA: U.S. Department of Agriculture.
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AL AEfA = o7t 3,510,000+3,160,000 tC yr'
(mean + standard deviation of inter-annual vari-
ability)el BHAE Fhots e s Ao
23tgict o2 QI9IM ehiujze AtEOH W]
;e 2w, 20079 Salvieke] SAEAl AR
(Net Ecosystem Production, NEP)2 4,610,000
tC yr '2 Q1914 ehaufE2K(137,000,000 tC yr')
o 33%2 AMAZ AOoE ehjch 2o
2L BHich A FUR AwelN LAE

AAFEF(NEP)O| A UElytTh(Fig. la).

3.5.2 CBM-CFS3 2%

CBM-CFS3 Rgo] osf A=l et A2k
£ ulo]QujA7} Shgst 9l EbAFFIF WARG
712 W FREA Y wag goE 24
&t & oJth. CBM-CFS3 Z&ollA 2AE ufo]Q
A2 7ol et Hdrlos ASAHoR
F7FehL, IAMRTIERS A7 Fasts RAE
Holou, Adv|2 AolgHA 7ol F3tEaL
JAZE AISHE|HA ARR-7| B8F0] Axt =7}st
= FAIE UEplchol 4 S, 2013). ufolLuj
2olA A3tE]E IAREFEE Afolgl: Hio]QujA
o] FF2 7 W¥ol glov, AAl gra A%
T2 AEAOR ZIkst: o2 uEyith 2
it 20524 o] Fofl= MAFO] E3het ALY o
FHsto] o8l Zvteke E3lst= Zlo2 eyt
(Fig. 1b). CBM-CFS3 23oJA 243t eta A
AreE2. 20109 7|3 47.00 tC ha'2 ERGOon,
ol Atdmgt I HATF gleg 7St Aol
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2stgict 7 A, G S A A (forest
volume)& ha¥l 126.89 m’~246.61 m’2 Ltepyt
o], ea A2AEEL 50.51 tC ha'~99.76 tC ha
2 2Astgich. E3L 509W (20609 AH
Aol ha g 22681 M2 Z7ketck A8t
oo, AR 2E7F w2 FYE AGelM #
UFERITHFig. 1c). Y712(2013)2 A ¥R, 7]
Suisto] whE wisket AAgHstE 2eEHA o
2, ARAY fRet a3 EIIEE LSty
gta AT wekE Ak 2 Az, vy
2t §A(20104 71%) ARl AL ha T 127.25
moln], Etx AAFEFL 72.87 (C ha 2 2AHY
Tt 2040~2050fl gt A7FEFo] ZhAastod
82.61 tC ha'7b & 7oz Z2mstgion rciz
o] sl W=7t BS RS ZAIO R ERL
A7kgkol =A vrebyth(Fig. 1d).

3.5.4 InVEST 2%

\5

1L
lo rlo

-

InVEST Z&of 93] A5l E
ArE Ol Z|stE WARR EOF EbA
= 38ttt InVEST B oA 23 A
2] Ekx ARERS 91~249 tC ha |2 £ 998,095,830
tC(176 tC ha )2 viebon, o= A (R4
B o z3hR) eta MRS 473673378 tC
(83.72 tC ha )& A=t 2o =L 719
= diiE FASE A9 gta ARl Al
UEtton], NS g 7= ddidAME
=A YelytchFig. le).
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EARY] 3] 2AEl o|Alsteta ZHTHL
ExA Br|EUx 10¥7H2002~2011)
SA wohErs nstgich o grauiEAl
L A7 RUER A4 047, EH4 0.80), vt
olQujA BAF AILAGS 1.6512, TS 1.7202),
EL2A3HA|(0.5) 2 ol L3IATHAIZESE 5, 2010).

= 2 RS AT oVRtete TR 66,464,477
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(a) Estimated NEP using VISIT model (b) Estimated carbon storage change using
(SAA =, 2012) CBM-CFS3 model(0]-¢# £, 2013)
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(c) Estimated carbon storage using forest growth (d) Estimated carbon storage using forest growth
model in 2060(Yu et al., 2013) model in 2050(4~715, 2013)
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" Total Carbon StoragsiMat/hal "
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Fig. 1. The results of applicability model for quantifying carbon storage and sequestration in Korea.
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Table 3. Applicability of the models for regulating services of forest ecosystem
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