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ABSTRACT

To successfully create a low-carbon landscape in order to become a low-carbon city, it is necessary to understand
the dynamics of artificial greening’s resources on a multi-scale. Additionally, the effects of carbon storage should be
quantitatively evaluated. The purpose of this study is to simulate and evaluate the changes in carbon storages of artificial
ground trees using system dynamics throughout a long-term period. The process consisted of analyzing the dynamics of
the multi-scale carbon cycle by using a casual loop diagram as well as simulating carbon storage changes in the green
roof of the Gangnam-gu office building in 2008, 2018, 2028, and 2038. Results of the study are as follows. First, the
causal loop diagram representing the relationship between the carbon storage of the artificial ground trees and the urban
carbon cycle demonstrates that the carbon storage of the trees possess mutual cross-scale dynamics. Second, the main variables
for the simulation model collected ‘Biomass,” ‘Carbon storage,” ‘Dead organic matter,” and ‘Carbon absorption,’and validated
a high coefficient of determination, the value being (R2=0.725, p<0.05). Third, as a result of the simulation model, we
found that the variation in ranking of tree species was changing over time. This study also suggested the specific species
of tree —such as Acer palmatum var. amoenum, Pinus densiflora, and Betula platyphylla— are used to improve the carbon
storage in the green roof of the Gangnam-gu office building. This study can help contribute to developing quantitative
and scientific criteria when designing, managing, and developing programs on low-carbon landscapes.
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Table 1. Plant lists of rooftop park in Gangnam-gu office(2008) and DBH in 2008, 2015, and 2016

No. | Korean name Scientific name Amount Size DBHicm) Calry%ng Growth rate
2008 2015 2016 capacity (cm/yr)
1 o S Styrax japonica 10 H2.0xR5.0 5.00 5.09 547 16.55 0.04
2 LS Pinus bungeana 2 H2.0%R5.0 6.67 14.32 15.79 15.79 112
3 M Cornus kousa 1 H4.0xR20.0 417 5.73 6.41 10.82 0.26
4 e Pinus densiflora 4 H2.5xB4.0 1250 16.36 1843 2865 0.66
5 A AT Betula platyphylla 9 H2.0xR5.0 367 796 10.85 18.14 0.77
6 A Acer palmatum Thunb, 3 H2.0xW0.9xR5.0 417 5.73 6.18 14.01 0.24
7 T Acer palmatum var. amoenum 1 H25xW1.5xR8.0 417 6.21 6.83 23.87 031
Total 30 - - - - - -

(Source: Gangnam-gu office, 2008)
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Figure 2. Dynamics of carbon storage on green roof
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Table 2. Predicted carbon storage of biomass in 2008, 2018, 2028 and 2038(keC/tree/yr)

) . Carbon storage
Ranking Korean name Scientific name

2008 2018 2028 2038
1 AU Pinus densiflora 5.36(-) 34.68(-) 3470(11) 34.70(41)
2 LIS Pinus bungeana 1.52(-) 968(12) 968(13) 968(13)
3 - Styrax japonica 100(-) L73(14) 29201 4) 452(14)
4 T Acer palmatum var. amoenum 0.64(-) 2510(12) 46.00( 13) 46.82(13)
5 ke Acer palmatum Thunb, 0.64(-) 7.03(-) 1207(11) 1259(11)
6 AR Cornus kousa 0.64(-) 478(-) 6.56(-) 6.68(-)
7 A AT Betula platyphylla 0.52(-) 23.84( 14) 23.84( 14) 23.84( 14)

Ranking change compared to 2008: (-) Maintain the ranking: (1n) Increase the ranking: ({n) Decrease the ranking
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Figure 4. Carbon storage of green roof trees dynamics simula-
tion(keC/tree/yr)
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Table 3. Predicted carbon absorption of primary dead organic matters in 2008, 2018, 2028 and 2038(kgC/tree/yr)

) o Carbon absorption
Ranking Korean name Scientific name

2008 2018 2028 2038
1 ENE Pinus densiflora 0(-) 0.08(-) 1.06(-) 352(-)
2 LRSS Pinus bungeana 0(-) 0.03(-) 033(12) 1.06(12)
3 AU Betula platyphylla -) 0.03(-) 058(11) 2.12(-)
4 TuE Acer palmatum var. amoenum -) 0.01(-) 043(12) 235(12)
5 A= Acer palmatum Thunb. -) 0.01(-) 011 1) 045( 1)
6 AL Cornus kousa -) 0.01(-) 0.14(1D) 0.68(11)
7 SRS Styrax japonica 0(-) 0.01(-) 0.06(-) 021(-)

Ranking change compared to 2008: (-) Maintain the ranking: (fn) Increase the ranking: (|n) Decrease the ranking
Table 4. Predicted carbon storage of green roof trees in 2008, 2018, 2028 and 2038(kgC/tree/yr)
) . Carbon storage
Ranking Korean name Scientific name

2008 2018 2028 2033
1 2 Pinus densiflora 5.86(-) 34.76(-) 35.76()1) 3822(11)
2 LIS Pinus bungeana 1.52(-) 971(12) 10.01(3) 10.74( 4 3)
3 a Styrax japonica 100(-) 174( ) 4) 2.98(14) 473(14)
4 T Acer palmatum var. amoenum 64(-) 2511(11) 4643(13) 4917(13)
5 Abg Cornus kousa 0.64(-) 47901 1) 667(11) 713(11)
6 A Acer palmatum Thunb. 0.64(-) 704(11) 1221(12) 1327(12)
7 AR Betula platyphylla 0.52(-) 2387(14) 24.42(14) 2596( 14)

Ranking change compared to 2008: (-) Maintain the ranking: (1n) Increase the ranking: (|n) Decrease the ranking
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A7 7150 B FHIE
& U AA7E ABTIR Soll 2Ho] WA 9]
ks TH(Seoul, 2011). Wb Zhg3 23t

A elo] AeAATRE 23] YeME 2R
3. . £ FHOE AAsor & Aotk
3 B A7 o AAY Aol A thekal F7AA Yo

O:

A ARRARES FE3] e 712TA Y] AFEX, AT
SOl wE HMEE IHT o} St S g 7%
AEe WAEY, AFAN F5o At 24E T
= A7E itk O E BTt & AFE lEANE wE
o] B AFe] AEY ol Y EYE ASrAH 2A
S 913 A A SHAA gk AX BT & 9)7F Atk
oj9} o] AlEH oM BUS Fok AAZHe] e 7|5
SHENE 358 ole AV HS FE6h, A o &
% (Learning by doing) 5] A&491 9 2 fA &2 Hot
< Wgsked 7198 Aotk 35 AfelAe AN 2Y
o] Ast dAZH 71348 B 4%, A, $F, 5, v 5
SO TS FAUFE 1T F e B o] o]
Fojzjof & Aojt,
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(Appendix)
AZE | WE 7 4Ty 2 8 gk FEd 9 A5
A F137% DBH =3 27\% Table 1 3%
o] 9 mjj 2~ Biomass 0.000 -
. F747 Ware Input Dgrowth rateXDBH .
frga Output (Dgrowth ratexDBH?)/Carrying capacity Park and Kang(2010)
Hho] Quj & Z7}e absorb ax(DBH)"
FE LS Dgrowth rate A% Table 1 3%
A 89 Carrying capacity =A% Table 1 3z
S AY: iRl
o B ey — S T e
P Z7] vpo] Qmj 2~ Stem .Biomass
7}A] o] Quj 2 Branch Biomassx0.15
9l ulo] Qmj~ Foliage Biomass*0.25 Yi et al(2013)
Ha] o] Qw2 Root Biomass*0.15
T gAY F Carbon stock Biomassx0.5x12/44
R o Tree carbon stock SUM(Carbon stock) -
AWDS =3 2%
AWDB =R 273
ZF 9] AMA ALT =4 27\%
R BWD =3 2703
Awas BLT e
AHUM A 273
FeE BHUM %73 2713
EoF ehaA g SOC =3 27\
=7] IALF Input stem via death TR__STMxstem
7FA ¢ A7 Input branch via selfthinning branchxTR__BRN
3 2 Input foliage via litterfall foliagexTR__FOL
#=20e] JAREF Input coarseroot via death (rootx0.8)xTR__CRT
2] IAbEE Input fine root via death (rootx0.2)xTR_FRT
ATM AWDS AWDSx(1-exp(-DR__AWD))xCE%__AWD
ATM AWDB AWDBx(1-exp(-DR__AWD))*CE%__AWD
13 4 ATM LTR ALTx(1-exp(-DR__LTR))xCE%_ LTR
ATM BWD BWDx(1-exp(-DR__BWD))*xCE%_BWD
N ATM DFR BLTx(1-exp(-DR__DFR))x(1-CE%__DFR) .
e Decay AWDS AWDS<(1exp(DR_AWD)X(1.CE%_AwD) | 1 & 20139
13 74 Decay AWDB AWDBx(1-exp(-DR__AWD))x(1-CE%__AWD)
B} 278 A Decay LTR ALTx(1-exp(-DR_LTR))x(1-CE%__L'TR)
Decay BWD BWDx(1-exp(-DR__BWD))x(1-CE%__BWD)
Decay DFR BLTx(1-exp(-DR__DFR))x(1-CE%__DFR)
o3 54 ATM AHUM AHUMX(1-exp(-DR__HUM))xCE%_ HUM
ATM BHUM BHUMx(1-exp(-DR__HUM))xCE%__ HUM
B ok 9] Decay AHUM AHUMX(1-exp(-DR__HUM))x(1-CE%_ HUM)
Decay BHUM BHUMx*(1-exp(-DR__HUM))x(1-CE%__HUM)
55 Decay SOC SOCx(1-exp(-DR__SOC))
Stem 0.002
I (yr ) Coarse roots 0.020
Fine roots 1.547
AR (yr~ ) Branch 0,030
9 (yr ) Foliage 040
AWD 0137
e BWD 0.137 Yi ef al(2013)
s 2 T
HUM 0.010
SOC 0.001
w54 %ot o712 | AWD. BWD. BLT, HUM 83.000
&5 E B2(%) ALT 81.500
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