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ABSTRACT

This study applied the LANDIS-II model to the forest vegetation of the study area in
Yeongdong-gun, Korea to identify climate effects on ecosystems of forest vegetation. The main pur-
pose of the study is to examine the long-term changes in forest aboveground biomass(AGB) under
three different climate change scenarios; The baseline climate scenario is to maintain the current cli-
mate condition; the RCP 4.5 scenario is a stabilization scenario to employ of technologies and strat-
egies for reducing greenhouse gas emissions; the RCP 8.5 scenario is increasing greenhouse gas emis-
sions over time representative with 936ppm of CO, concentration by 2100. The vegetation survey and
tree-ring analysis were conducted to work out the initial vegetation maps and data for operation of

the LANDIS model. Six types of forest vegetation communities were found including Quercus mongol-
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ica - Pinus densiflora community, Quercus mongolica community, Pinus densiflora community,
Quercus variabilis-Quercus acutissima community, Larix leptolepis afforestation and Pinus koraiensis
afforestation. As for changes in total AGB under three climate change scenarios, it was found that
RCP 4.5 scenario featured the highest rate of increase in AGB whereas RCP 8.5 scenario yielded the
lowest rate of increase. These results suggest that moderately elevated temperatures and CO, concen-
trations helped the biomass flourish as photosynthesis and water use efficiency increased, but huge in-
crease in temperature (above+4.0°C) has resulted in the increased respiration with increasing
temperature. Consequently, Species productivity(Biomass) of trees decrease as the temperature is ele-
vated drastically. It has been confirmed that the dominant species in all scenarios was Quercus
mongolica. Like the trends shown in the changes of total AGB, it revealed the biggest increase in the
AGB of Quercus mongolica under the RCP 4.5 scenario. AGB of Quercus mongolica and Quercus
variabilis decreased in the RCP 4.5 and RCP 8.5 scenarios after 2050 but have much higher growth
rates of the AGB starting from 2050 under the baseline scenario. Under all scenarios, the AGB of
coniferous species was eventually perished in 2100. In particular they were extinguished in early stages
of the RCP 4.5 and RCP 8.5 scenarios. This is because of natural selection of communities by succes-
sions and the failure to adapt to climate change. The results of the study could be expected to be effec-
tively utilized to predict changes of the forest ecosystems due to climate change and to be used as
basic data for establishing strategies for adaptation climate changes and the management plans for for-

est vegetation restoration in ecological restoration fields.

Key words : Forest Landscape Model, Succession, RCP Scenarios, CO,, Aboveground Biomass(AGB)
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Figure 1. Map of study area
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Table 1. Changes of climate factors by Scenarios
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RCP 4.5A]11}2]
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£ R
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Ayl 9] A9 dA CoyxxolA 2F 129ppm
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Scenarios ATmax(C) ATmin(C) APrecipitation(mm)  ACO2(ppm)
Baseline Climate +0 +0 +0 +0

RCP 4.5 +2.75 +2.31 -232.62 +129

RCP 8.5 +4.54 +4.27 +198.06 +529

Tmax, maximum temperature; Tmin, minimum temperature; A, changes of climate factors from present to future

scenarios
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Figure 6. Climate trends of RCP 4.5 and 8.5 scenarios; (a) maximum temperature, (b) minimum temperature, (c)

annual precipitation

Table 2. Change rate of Biomass under three climate scenarios

Scenarios
Year
Baseline climate RCP 4.5 RCP 8.5
2050 203% 863% 94%
2100 544% 1674% 155%

2 2271271 vl EE o] COsE 9%40ppme] =
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Figure 7. The aboveground biomass over time under climate scenarios for the

entire study area
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Table 3. Change rates of aboveground biomass of species from 2020 to 2050 and from 2050 to 1200
Scenarios
Baseline climate(%) RCP 4.5(%) RCP 8.5(%)
Year 2050 2100 2050 2100 2050 2100
Quercus acutissima 240.50 131.19 772.16 144.86 105.79 28.59
Quercus variabilis 177.48 416.75 798.37 121.41 88.97 26.65
Quercus dentata 256.60 142.08 885.72 -29.02 111.57 37.79
Quercus mongolica 203.17 678.99 1028.87 83.54 110.06 41.57
Quercus serrata 249.52 138.82 899.27 51.69 108.73 37.05
Pinus koraiensis 502.63 -100.00 638.90 -100.00 97.10 -100.00
Pinus densiflora 34.17 -99.27 164.90 -100.00 -30.19 -100.00
Larix leptolepis 399.58 -100.00 392.20 -100.00 -88.02 -100.00
c. - : 11 _ghiig
s gt £ -~ N SiE = B e
. al : - ol T o
= ] = BF e
(@ (b) ©

Figure 10. The aboveground biomass of species under different climate scenarios; (a) Baseline Climate, (b) RCP
4.5, (c) RCP 8.5; queracut, Quercus acutissima; quervari, Quercus variabilis; querdent, Quercus denta-
ta; quermong, Quercus mongolica, querserr, Quercus serrata; pinukora, Pinus koraiensis, pinudens,

Pinus densiflora; larilept, Larix leptolepis.
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Appendix 1. Species Parameters for LANDIS-II
Di m
Species Longevity Lf:;:l;:?y shade Effectivels pel‘sal(M)aximum
(Years) tolerance*
(Years) Distance Distance
Quercus acutissima 350 25 3 30 150
Quercus variabilis 350 25 3 30 150
Quercus dentata 350 25 3 30 150
Quercus mongolica 350 25 3 30 150
Quercus serrata 350 25 3 30 150
Pinus koraiensis 300 10 2 50 100
Pinus densiflora 275 10 2 90 300
Larix leptolepis 250 15 1 100 400
*: Value is interger between 1 (lowest tolerance) and 5 (highest tolerance)
Appendix 2. PnET Generic Parameters for PnET-Succession extension
Parameters Definition (units) Value

BFolResp Respiration as a fraction of maximum photosyntesis 0.1
TOroot ;l::;l(?:rd :; al;:f)t{)\r’\;)gl;ricrﬁzzashf root/wood biomass lost per 0.02
TOwood ;l::;l(?:rd :; al;:f)t{)\r’\;)gl;ricrﬁzzashf root/wood biomass lost per 001
DNSC target NSCfraction 0.05
MaintResp ;l::;l(?:rd :; al;:f)t{)\r’\;)gl;ricrﬁzzashf root/wood biomass lost per 0,002
EstMoist "(l;u;itl)lgtopeslz?;nitlzristﬁ)recontrol the sensitivity of establishment 26
EstRad "(l;uerlitl)lgtop';lirgalrlrtlelt:ielto(r:;)ir;tézl)the sensitivity of establishment 26
Prevent Establishment Boolean variable turning establishment on or off False
MaxCanopyLayers the number of canopy layer 4
MaxDevLyrAv to lump species-age cohorts into canopy layers 6000
IMAX Each cohort is subivied into a number of layers 5

Boolean variable turning the Wythers correction on or off. The
Wythers Wythers algorithm accounts for acclimation of foliar respiration True

to elevated temperatures

Monthly total precipitation is evenly divided among this number
PrecipEvents of events to allow cohorts more opportunities to compete 11

stochastically for incoming water
FracBelowG Fraction of non-foliar biomass that is belowground (root pool) 0.33
Dtemp Temperature reduction factor True

Sources from Gustafson et al. 2018
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Appendix 3. Age, DBH, and heights of dominant species investigated for initial community data

No. Vegetation types Code Species DBH(cm) Height(cm) Age(yr)
L1-01 Larix leptolepis 16.2 15 35
1 Larix lepto.lepls L1-02 Larix leptolepis 12.4 15 30
Afforestation
L1-03 Quercus variabilis 23.2 10 35
L1-04 Quercus variabilis 31.0 12 41
Pinus: koraiensis Pk-01 Pinus koraiensis 19.4 13 32
Afforestation
Pk-02 Pinus koraiensis 16.6 13 30
QmPd-01 Pinus Densiflora 25.1 8 31
Quercus mongolica - OmPd-02  Pinus Densiflora 17.2 6 24
3 Pinus densiflora ;
Community QmPd-03 Quercus mongolica 17.8 5 39
QmPd-04 Quercus mongolica 10.5 8 30
QmPd-05 Quercus mongolica 13.1 5 18
4 Quercus mon.gollca Qm-01 Quercus variabilis 31.2 15 40
Community
Qm-02 Quercus mongolica 12.4 17 40
Pd-01 Pinus Densiflora 16.9 18 56
Pinus Densiflora Pd-02 Pinus Densiflora 9.5 17 55
5 .
Community Pd-03 Pinus Densiflora 14.0 14 28
Pd-04 Pinus Densiflora 22.9 12 35
QvQa_01 Quercus variabilis 27.7 12 40
Quercus variabilis - —,04.00 Quercus variabilis 35.3 20 40
6  Quercus acutissima —
Community QvQa-03 Quercus acutissima 14.3 17 41
QvQa-04 Quercus acutissima 14.0 11 30
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Appendix 4. Structures of vegetation communities in the study area

Vegetation Cove . . Heigh D].3H(cm) Of.

types Strata r Dominant species t Dominant Species

(%) (m) Max. Mean Min.

Canopy 80  Larix leptolepis 15 18 16 12

Larix leptolepis Subcanopy 10 Quercus mongolica 8 - - -

Afforestation  Understory 65  Rhododendron schlippenbachii 1.6 - - -

Ground layer 45  Convallaria keiskei 0.4 - - -

Canopy 90  Pinus koraiensis 14 20 17 15

Pinus koraiensis Subcanopy 5 Quercus variabilis 12 - - -

Afforestation  Understory 15  Rhododendron schlippenbachii 1.5 - - -

Ground layer 10  Smilax china 0.4 - - -

Quercus mongol- Canopy 85  Quercus mongolica 12 17 13 10

ica - Pinus densi- Subcanopy 40  Quercus mongolica 6 - - -

flora Understory 65  Rhododendron schlippenbachii 1.7 - - -

Community Ground layer 35  Calamagrostis arundinacea 0.4 - - -

Canopy 80  Quercus mongolica 15 32 15 8

Quercuiv mongol- Subcanopy 75 Quercus mongolica 8 - - -

C omlrcninity Understory 35  Quercus serrata 1.4 - - -

Ground layer 70  Polygonatum odoratum var. pluriflorum 0.4 - - -

Canopy 85  Pinus Densiflora 18 23 16 8

Pinus Densiflora Subcanopy 65  Quercus mongolica 8 - - -

Community  Understory 45  Rhododendron mucronulatum 1.5 - - -

Ground layer 40  Pteridium aquilinum var. latiusculum 0.4 - - -

Quercus varia- Canopy 85  Quercus variabilis 18 35 27 24

bilis - Quercus Subcanopy 20  Quercus dentata 7 - - -

acutissima  Understory 40  Quercus mongolica 1.4 - - -

Community Ground layer 25  Quercus mongolica 0.4 - - -






