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ABSTRACT

This study quantified storage and annual uptake of carbon for riparian greenspaces established in watersheds of four
major rivers in South Korea and explored desirable strategies to improve carbon reduction effects of riparian greenspaces.
Greenspace structure and planting technique in the 40 study sites sampled were represented by single-layered planting of
small trees in low density, with stem diameter at breast height of 6.9 + 0.2 cm and planting density of 10.4 + 0.8 trees/100
m’ on average. Storage and annual uptake of carbon per unit area by planted trees averaged 8.2 + 0.5 t/ha and 1.7 *
0.1 t/ha/yr, respectively, increasing as planting density got higher. Mean organic matter and carbon storage in soils were
14 + 0.1% and 26.4 + 1.5 t/ha, respectively. Planted trees and soils per ha stored the amount of carbon emitted from
gasoline consumption of about 61 kL, and the trees per ha annually offset carbon emissions from gasoline use of about
3 kL. These carbon reduction effects are associated with tree growth over five years to fewer than 10 years after planting,
and predicted to become much greater as the planted trees grow. This study simulated changes in annual carbon uptake
by tree growth over future 30 years for typical planting models selected as different from the planting technique in the
study sites. The simulation revealed that cumulative annual carbon uptake for a multilayered and grouped ecological planting
model with both larger tree size and higher planting density was approximately 1.9 times greater 10 years after planting
and 1.5 times greater 30 years after than that in the study sites. Strategies to improve carbon reduction effects of riparian
greenspaces suggest multilayered and grouped planting mixed with relatively large trees, middle/high density planting of
native species mixed with fast-growing trees, and securing the soil environment favorable for normal growth of planting
tree species. The research findings are expected to be useful as practical guidelines to improve the role of a carbon uptake
source, in addition to water quality conservation and wildlife inhabitation, in implementing riparian greenspace projects
under the beginning stage.
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Table 1. Regression model sources used to calculate carbon storage
and uptake of major tree species in study sites

g
vegg,:‘:,g:; ﬁ; Sancheong (3) Species Diameter range® (cm) Reference
3 Seomiji Acer spp. 49~196 Jo and Ahn(2012)
%" Hwasun (9 Chionanthus retusa 31~105 Jo ef al(2014)
Janheung ”’ Cornus officinalis 28~152 ’
Ginkgo biloba 5.0~25.0 Jo and Ahn(2012)
Figure 1. Location of study sites selected to survey established riparian Pinus densifiora p3~216 Jo ef al(2013)
greenspace PFinus koralensis 53~30.9 "
" Figures in parenthesis: Number of study sites Prunus armeniaca 36~143 Jo et a(2014)
Prunus yedoensis 48~230 Jo and Ahn(2012)
2. TAHH 24 Quercus spp. 60~420 Jo and Ahn(2000)
Zelkova serrata 51~280 Jo and Ahn(2012)
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Stem diameter at ground level for C officinalis and diameter at breast
height of 1.2m (dbh) for the other species
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Table 2. Physical and chemical characteristics of soils in study sites

S AR BAS Uil AFRE(68%) WAl F-ATE(23%)
2A, pHe H4F 58101013 F71ETF Jol X $52 7t
7} 1420.1%, 59+02cmol+/kg°] I TH Table 2 2%), =) 24
FHe B pH 49, #7158 63%, A2 A 0.32%, %ol
235 14.7cmol /kg S01ATHCAER, 2014). ©]9} H]w&PH,
AR BEYe f715d 3 HES Ada 9 o3k
o] AAs e 202 FAHth 274A71E(KILA, 2013)
oA AN B 5 Hrhswd T, tdA EY
< pH7E Sl aligsht ol& A% fﬂ“ w0 &o] dh
o sFaract Bt B3
Aglate], BAATRE HE

)
o) Hept 71S AR 5 9k

gAel AAlet A FE5ae F 564055012 F

T 4950l ANEETF30% o143 A8 107 52
AR Quercus acutissima, “dN2E 12.9%), BA71( Acer
triflorum, 94%), HIFF(Prunus spp.. 84%), olBUF
(Chionanthus retusus, 6.6%), @F%(A. pseudosieboldianum,
5.3%), “E\W(Zelkova serrata, 5.2%), 23N F(Q aliena,
47%), EFAINTF(Fraxinus rhynchophylla, 34%), =55
(Ulnuss davidiana var. japonica, 34%) 2 A4~ Cornus officinalis,
3.3%) 0tk AAREE HiF 1042085/100m" A, = =
A4 Y] W2 (CAER, 2014)91 165/100m* (= 7%, &
% 97) 9 2/3 oIt AR ES] iR FEHE 100m”
F 5~1057F 50%ZEA 7P =943, ©]ojA 10~155F 28%.
15~205 12%, 55 wITF % 205 o1& 27} 5% 9] wolsitt
(Figure 2 #=x). FEI ST e U3+21%EA, S5AF7H
o 66%7F T FAR Z7)ek upe} o] HA] i 3153
FH7E w50 Hd e F2A7 69102em, T
Z 92:01m, $7 49:01m S0l F1A% PEE ¥4
AsH(Figure 3 %), 3~6eme) 5o AR M4%A 7V
=2 AE YeEid gLl 6~9%m 31%, 9~12cm
19% 59 €019, 3cm PIvH 12cm ©)d¢] 2+ 3%E A
A8tk o]9k 2o, FHEA RS AL E &Y £ 9F

% T T
o A2 R} ol= Aau)§ Aopol felaAT, P24

N . oM ™ Ava, P EC (cmol"/kg) CEC
or Sot texture P (%) (%) (mg/kg) K* Ca? M (cmol*/kg)
Sandy loam, 58 14 0.06 89.1 047 212 087 59
Loamy sand (01) 01) (0.00) (110) (0.03) (013) (0.04) (02)

* Fgures in parenthesis: Standard error, OM: Organic matter, TN: Total nitrogen, Ava. P: Available P.O;, EC: Exchangeable cation, CEC: Cation exchange

capacity
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e X S 2R fYS st FRush FEA = % 359 e E A, FHAHCE $AF &
3t 5 o8l BAaAE HIRS FHEA ] 75 27 AE, T9E S22 FAE o9 50 A Asa 9l
of Sush=d FF F Atk THCAER, 2014). 1813, IE59] FHE FE5ARE 4=
TRER Y] FAT2E AA A F 82%7F 35T A 7HA thFeb EEsle v Fzolth ofd whall, /A9
A dSFxo|L, A, T B AR AR ARl A AAZEE A A FUF WA AFF] GSAAIE o)
et thFigure 4 #x). 759 FHEEE TUETS AAI3] FHELh
Ad FeHEE F7 Bt YT A B9 A€ /A9 F AANA T oF 11%7t AAE Ao R JERT
58%EA £28 ARt S BYTh AAFES] AL A AR TV B TS ]E‘r*ﬂJJrOM(Metasequwa glyplo-
o] AR Gl AATHE S E3] FAHOE A, stroboides, 26%), 3FIT-(24%), 5 IF-(Cornus controversa,

21%) 5019, o5 A2 EYIN AF BIE FTO0

i - FA(KEC, 2006) AAIA] BEFE 24 #HE Fo7t Qlek
so | S, | FUF Clionanthus retusus), B Sorbus alnifolia),
w40 L AW A, ginnala), A Pinus - koratensis), &%3FU(Q
Sx0 | semats) 5 TAVIAZE WA e FEolk BelE
Ezo | FYUZE AAG AR HEO A, gidA] AA 9] <F
0 L 70%-‘5 ZE AAE AT 297 AE2, 0% IS BE

0 = A R Z*Pﬂ‘”i} T, AA e o 20%e &
<5 5-10 10-15 1520 20< 2l EAS WA - §idlon, 4 uPIAe S S Humudus

Density (tree/100 mr°) Japonicus), ¥ (Fueraria lobata), &3 (Glycine soa) 2 3=

1‘

Aol sl AAlrEo] FtE o] A Aol Bk A
o)t} vl Zu|7] B Be| QFE 7olsld, FAE = .

29 Hahe] s} AAEAN) FEH FOR ARAL

Figure 2. Density distribution of trees planted in study sites

0T el 21 2 daja2e) #9 AolFol nAsi,
40
Ea30 | 3. EAXE 3 &
2
200 U AR BEAY SadEE A 15~3
10 - o) 27.3t/haZA HF 82405t/haclQY, BATSFES Ha
0 : 02~Ad 51t/ha/d 2N 3 1.701t/ha/'d eI A TH Table
= Db"’ﬁ“” o B 32%), YA Y Ban @ B5Ee AUt 225E
(cm) 2ok Ae Bt 2 AU 5~105/100ml A
Figure 3. Doh distribution of trees planted in study sites 2 2919 15~20F/100m*Z 71813, erar Ak ok 15
o), eageEe 200 o Btk AL EsE 205/100m” ©]
o - o1 TR 9] ehaA A3 15~205/100m7] 7-5-9] 11,2418t/
w0 | ha®th oF7F Q1= ol AAls= 2717t éﬁﬂ@ﬂi 27)
= | el AeE Yeyth s 39 #d A2 (o,
g 2002: Jo and Ahn, 2013) ¢} WlaabH, BAA Ak AR o)
& 40 ¢ M 3 26, 0+27~A1% 60.1£5.7t/hao] 3, AHg 2 &—ﬂzl—a— xﬂ
20 | oot TR S 47+07~72+13t/haclQlT 18],
0 . . TFEE A W 7}E 16£01~89 57+06t/ha/‘4°]
Single  Muiti (UM)  Multi (U1) Multi (UML) EARA A 06+01~4% 08+0 1t/ha/ Aol A= 1
Layer o) A waAF ; TS $2 Ure 49| Aol 7]
Figure 4. Vertical structures of tree plantings in study sites’ dsted, AHgA o] Zeun 22 Xﬁ*% W =R o] A H
* U/M: Upper and middle layer, U/L: Upper and lower layer, U/M/L: = worth

Upper, middle, and lower layer
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Table 3. Carbon storage and uptake by tree density in study sites (mean * standard error)*

Tree density (tree/100 m’)
Carbon
<5 5~10 10~15 15~20 20< Mean
Trees Storage (t/ha) 50 £ 04 73 +07 82+ 09 112 £ 18 102 £ 16 82+ 05
Uptake (t/ha/yr) 09 +01 12 £01 15+01 24 +03 33 +03 1.7 £01
Soils Storage (t/ha) 235 + 44 212 £23 2718 + 30 223 +30 208 = 3.0 264 £15
* Mean dbh: 69 cm
A Ee] BT AR A2 T3~ 638/ ARl FF 30d B AEHAM 5 e Baw
ha®A ¥+ 26.4+1.5t/ha°leH(Table 3 %), 71 dl o] WistE vl Algdloldd A3 tigAe 109 A
o, Eel BAAYBS £9 I9T ARANN HE A SAFFLE oF 360uhaol T, AN e BE
54.7t/ha°12(Jo and Ahn, 2013), £ ZAIA 4 16.2t/ha°] dEHE 7] 666t/ha, F718 524t/ha, 2718 46.3t/ha
AtH(Jo, 2002). /A EFe] daAGFS f715dFH & SOl Figure 5 #x). &, A7 A9 gdags 2t
el AR d8%e) kst FARE oF LG T B MR e el ARAARE 199 297 M s,
th & EQY 718 811 AR A 20%°13(Jo and o] @739 BASTES AT A ETE oF 194 BT
Ahn, 2013) &3 EAIAAA 0.6%°1AtHJo, 2002). ¢4, & 20 %30 Aol A oA 74 eagrge 7

o WA EFS BAAGFES BN BembIS Tt £
A7) A5 em Aolel BN, EZIH AEu
4 g2 ©4E AAstH e (Jo, 2002: Lee ef al, 2010) EA

A AHE LU AE AR 2A A

(www climateinsight.or.kr), TR 53 £ 1had F
61kLS] 3k Aol Adshs BagS Asal e Alol
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Figure 5. Simulation of carbon uptake changes by tree growth between
study sites and ecological planting models(EPM)’
Legend: [ Study sites, M EPM-long term, B EPM-middle term,
W EPM-short term
" Short, middle, and long term for EPM(CAER, 2014): Mature period of
10, 20, and 30 years, respectively (the same with Figure 6)
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o At A S FLAAY A s FxdEd] weh ¢

et 1lem, 5719 Sem, 2719 3em 5013, F7189 AAt

AL AT WA HaA e 7

AR RY & Exagel Frste]

7] E A FFoEM EEHF HEYTR § S8
=]

W8-S W18 18%(F 147 Tem), 5718 58%(25cm), 7]
& 71%(2cm) oI, el9 2ol %ATE B A4/
Aol (Figure 6 F2) = BAE5%e] 14 #9390 53,
AAFAol AW AL A9 2T §4F AA Aol
AR EOR e AHT Az B A B
F490) O B A0 Yegr)

l

d: EPM-short term

¢t EPM-middle term

Figure 6. Typical plan view examples of tree plantings for Study
sites and EPM
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43 BESES 24 A B 1T 5 4987 3
N4 A7 o] F5T AYF(CAER 2014)S A,
EEYF, MEPER 59 $H5ES B AAs o Bk
WA ZYS DS ANF0R AE by, AT oy
S5 gugto] e, BagrNe 1A 4% AdS
HTH A7 480 O 2 895 979 A4t Agsin
(Jo and Ahn, 2000: 2013). $45E SEFFo] 44T w7}
Aol dNFEOTA Ao Z7\EA) BN BaFS
£ 2730 Dot £45 DR BEFE Ao
FUE ASEE A F £BAY WSS AZ3e] 2P,
BE5E9] AR 12 FRIVL Fushor T A7l £4
#8 WAROE I, S5 PSS SEY BN
2g3t] 712 39 NANE FYAS B BE £
BAAYS ERE 5 ok B, B QAR $EA
29 29 hjolEE Aol AAFEe] AgzAd $Hs
= B9 o3RS Fulstel, £ Y4 43S s
2 waES 715e ARE Bt A
N. E2

B2AGE SYAT Ak AU A, HA2A B
A 52 B8 FsaAR, SAZYE dAleA A A
2k H 0] Mok FHA BS BeHoleky BoHth 87
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