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Carbon Reduction and Enhancement for Greenspace in Institutional Lands
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ABSTRACT

This study quantified annual uptake and storage of carbon by urban greenspace in institutional lands and suggested
improvement of greenspace structures to enhance carbon reduction effects. The study selected a total of five study cities
including Seoul, Daejeon, Daegu, Chuncheon, and Suncheon, based on areal size and nationwide distribution. Horizontal
and vertical greenspace structures were field-surveyed, after institutional greenspace lots were selected using a systematic
random sampling method on aerial photographs of the study cities. Annual uptake and storage of carbon by woody plants
were computed applying quantitative models of each species developed for urban landscape trees and shrubs. Tree density
and stem diameter (at breast height) in institutional lands averaged 1.4+0.1 trees/100 m* and 14.9+0.2 cm across the study
cities, respectively. Of the total planted area, the ratio of single-layered planting only with trees, shrubs, or grass was higher
than that of multi-layered structures. Annual uptake and storage of carbon per unit area by woody plants averaged 0.65+0.04
t/ha/yr and 7.37+0.47 t/ha, which were lower than those for other greenspace types at home and abroad. This lower carbon
reduction was attributed to lower density and smaller size of trees planted in institutional lands studied. Nevertheless, the
greenspace in institutional lands annually offset carbon emissions from institutional electricity use by 0.6 (Seoul)~1.9%
(Chuncheon). Tree planting in potential planting spaces was estimated to sequester additionally about 18% of the existing
annual carbon uptake. Enhancing carbon reduction effects requires active tree planting in the potential spaces,
multi-layered/clustered planting composed of the upper trees, middle trees and lower shrubs, planting of tree species with
greater carbon uptake capacity, and avoidance of the topiary tree maintenance. This study was focused on finding out
greenspace structures and carbon offset levels in institutional lands on which little had been known.
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Figure 1. Depiction of systematic random sampling design to select
institutional greenspace lots
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IR S T, £ 7 A AR ) 22
FB OPOR AU 558 Ao and Cho, 1998;

Jo. 2001: 2002: 2019: Jo and Ahn, 2001: 2012 Jo ef al,
2013: 2014: 2019c: 2019d)= A-g3fe, T84 F5 B

Table 1. Quantitative model sources of tree and shrub Species used
to estimate carbon uptake and storage™ in this study

Carbon Species Dlalgeter Reference
range (cm)
Abies holophylla 5-19 Jo et al, 2014
Acer palmatum 7-27 Jo and Cho, 1998
5-20 Jo and Ahn, 2012
Camellia japonica 4-10 Jo et al, 2019d
Chionanthus retusus 3-11 Jo et al, 2014
Cornus officinalis 3-15 Jo et al, 2014
Ginkgo biloba 6-31 Jo and Cho, 1998
5-25 Jo and Ahn, 2012
Jlex rotunda 3-12 Jo et al, 2019
Lagerstroemia indica 3-14 Jo et al, 2019d
. ) 5-29 Jo and Ahn, 2001:
Tree | Finus densiflora 595 |Jo et a. 2013
. o 5-33 Jo and Ahn, 2001:
Uptake Pinus koralensis 531 Jo et al. 2013
Prunus armeniaca 4-14 Jo et al, 2014
Frunus yedoensis 5-23 Jo and Ahn, 2012
Quercus myrsinaefolia 3-17 Jo et al, 2019d
Taxus cuspidata 2-15 Jo et al, 2014
Zelkova serrata 6-34 Jo and Cho, 1998
5-28 Jo and Ahn, 2012
General hardwoods 3-28 Jo, 2019
General softwoods 5-31 Jo, 2019
Finus spp. 06-36 | Jo, 2002
Shrtb Rhododendron spp. 04-34 | Jo, 2002
General hardwoods 04-4.0 | Jo, 2001: 2002
General softwoods 04-40 | Jo, 20015 2002
Abies holophylla 5-19 Jo et al, 2014
Acer palmatum 5-20 Jo and Ahn, 2012
Camellia japonica 4-10 Jo et al, 2019d
Chionanthus retusus 3-11 Jo et al, 2014
Cornus officinalis 3-15 Jo et al, 2014
Ginkgo biloba 5-25 Jo and Ahn, 2012
llex rotunda 3-12 Jo et al, 2019¢
Lagerstroemia indica 3-14 Jo et al, 2019d
Tree | Pinus densiflora 5-25 Jo et al, 2013
Pinus koralensis 5-31 Jo et al, 2013
Storage Prunus armeniaca 4-14 Jo et al, 2014
Prunus yedoensis 5-23 Jo and Ahn, 2012
Quercus myrsinaetolia 3-17 Jo et al, 2019d
Taxus cuspidata 2-15 Jo et al, 2014
Zelkova serrata 5-28 Jo and Ahn, 2012
General hardwoods 3-28 Jo, 2019
General softwoods 5-31 Jo, 2019
Pinus spp. 06-36 | Jo, 2002
Shrub Rhododendron spp. 04-34 | Jo, 2002
General hardwoods 04-4.0 | Jo, 2001: 2002
General softwoods 04-4.0 | Jo, 2001: 2002

“Carbon uptake and storage indicate annual carbon fixation and total
carbon accumulation over growth time, respectively.

“Stem diameter at breast height of 1.2 m (dbh) for trees and diameter
at 15 cm above ground for shrubs (2 cm or less in dbh).
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71E& Aol ety Sl FETAANA wEEEe} 5T
E=7F 2k W 25F/100m" 2 23.0%°13(Jo ef al, 2019),
o) 23 AUt EAES] wEYEE 742t 238% 2 261%°1%)
THNowak ef al, 2013; McGovern and Pasher, 2016). 9+t
A} FEaA e AR Fh FEFAR G ok 56% FFol
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3, =] A Mgk o B ] el g,

dfg > rlo

Table 2. Density and cover of trees planted in institutional lands
for study cites
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Figure 2. Dbh distribution of trees planted in institutional lands
for study cites
": Stem diameter at breast height of 1.2 m,

Table 3. Vertical structures of greenspaces in institutional lands
for study cites

Single-layered (%) Multi-layered (%)

ay Trees | Shrubs | Grass Trees & shrrlzzs‘& sh?::&&

shrubs grass |herbaceous
Seoul 472 70 08 434 1.6 -
Daejeon 403 37 70 344 146 -
Daegu 36.7 3.7 104 153 290 49
Chuncheon| 49.0 20 108 204 176 0.2
Suncheon 446 25 23 30.7 132 6.7
Total 418 33 71 258 186 34

City Seoul | Daejeon | Daegu [Chuncheon|Suncheon| Total

Density

(n0.,/100m2) 13202 | 16102 | 14102 | 12+02 | 1201 | 14£01

Cover (%) | 135215 | 164228 | 129:14 | 11818 | 114£12 | 13208

It includes shrubs,

A= A O] FA A7 e 14940 2cmel Y, FALA7
T w29 73§ 20cm vvre] ¢ 72%%E, 183 30cm PRt
A=), G R FAA A
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palmatum), LW Ginkgo bioba), BV Prunus yedoensis)
9 AAZ( Rhododendron yedoense var. poukhanense) ©] 1Tk,
AHAA A9 209914 Wl FF AATEs Frlekd, S
o] Hr

91 44

-(Juniperus chinensis), 5 Taxus cuspidata),
(Chionanthus retusa) 5|tk °152 = EAJol
© T, XEF T SEVTO U] gAgT
S ANHCE =& v, FEI T HFeE B
By E(Jo and Park, 2017).

n:lo{, ol

pads o[F

TEEA ] AAFE oot AHAG dagrYge A
A T4 Wl 062~068t/ha/yroBA, EAE 2%
2 #at 0.65£0.04t/ha/yrol D, ©@9-AHRAT Ht BrE
2 04740, 02kg/m*/yro) AtH Table 4 #%). @A AT
2ARFL ZAO we) 682(53) ~7.86t/ha 1%)3
T 737047t /hao) 3, S FHAA G g iz
0.22kg/m*| ATk, 712 AF(Jo, 2002) ol 21 3Ha, %LH =
£ @udd 9 SoFHAAY gag s 7#74 0.56~
080t/ha/yr 0.39~0.61kg/m’/yro) Y, T HA

& 47~T2t/ha) At EAIAY 2A| Y9 o] &
AT F3EA ] BAFFFE FASIL BAAG RS
7o g e, S FETAAY AAFE 9
A Bt GAEFHS 1 1t/ha/yrol 2 (Jo ef al, 2019), A
Al 29 A9-E 35t/ha/yrel(Jo ef al, 2019b) R
s e 'QL%“QXH e % T %%%74%191 oF
60% Fol, 3Ll 20% T
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Table 4. Carbon uptake and storage per unit area by trees and
shrubs planted in institutional lands for study cites

Carbon uptake Carbon storage

City Per land area |Per tree cover | Per land area |Per tree cover
(t/ha/yr) (kg/m’/yr) (t/ha) (kg/m?)
Seoul 0.65%0.08 0.44£0.03 786+1.03 5064047
Daejeon 0.66+0.07 0.46+0.04 7.37£1.06 510053
Daegu 0.68+0.09 0.52+0.04 769£1.21 5.5910.54
Chuncheon 0.63£0.13 0.46+0.03 7.22+1.20 5.55+0.47
Suncheon 0.62+0.06 0.48+0.03 6.82+0.76 5.29+0.45
Total 0.6520.04 0.47+0,02 737047 5.33+0.22

2 Fad % ekt/yroldltt
WA BRARES EA

Skt/yr(M&)o)r, EAE BF
] 3

(Table 5 #x). 35&A A
whe} oF 29~34kt O 2] A fdktoldTt AT =AE T

?A(KEP 206). o1F 433 A _“j:‘:rg] a1 e
o Mbkt/yrol AT 5, AT EAIES 3EEA A
T8 AL uhE danlE 8
AS R UeRTH Table 5 #%). ks
0.6(A2) ~1.9%(FH) 2A gl &3] thaoll whet 1
BT S 1919 358 dHavel i ganE s A=
&t 57.9ke/ 12 M (KEP, 2016: KEPC, 2019: KSPL 2019),
A7l =ASE T84 HAE oF 100,007 0] et v
Fohe wags ATl Aotk

rieorie

Table 5. Carbon reduction effects of greenspaces in overall institu-
tional lands for study cites

City Uptake Storage Emission’ Offset”™
(kt/yr) (kt) (kt/yr) (%)
Seoul 3 34 490 0.6
Daejeon 1 11 121 0.8
Daegu 1 12 93 11
Chuncheon 0.5 5 27 19
Suncheon 02 2 15 13
Total 6 64 746 03

"Annual carbon emissions from institutional electricity use.
" Annual carbon offset by institutional greenspaces.
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A F7 A, 28 FEo A 959 AAE I, +5
AT E AT ok 7|E 529 AR T 4 52%E A
FoE URTEE AF D2 55 12 % 55 480R 7
AEe b5 249 22 Adske AolthFigure 3 #3).
TEEA 9 AL FH AR A2 4} AL U, 75 5
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TFE2 Al e BAES FEol AR Axsa(Jo
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Multi-layered/grouped planting
with restricted single layer
a. Improvement of single-layered grass or small shrub planting

Existing single-layered planting —

Multi-iayered blanting &
increased diversity
b. Improvement of single-layered evergreen and topiary landscapes

Existing evergreen topiary —

Figure 3. Model of multi-layered and grouped planting including
desirable tree species to enhance carbon reduction per
unit area
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