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ABSTRACT

This study quantified the effects of urban greenspace on microclimate amelioration and
atmospheric CO2 reduction for several residential districts selected in Korea and Japan. The
study also explored fire obstruction by urban trees to develop systematic planting guidelines.
Transpiration by a Zelkova serrata tree (diameter at breast height: 15 ¢m) in a day of August
equaled cooling effect of about 3 air conditioners running for 12 hours. Average air
temperature for the growing season was 0.5° C and 1.2° C cooler, respectively, in districts
with 12% and 22% cover of woody plants than in a district with no vegetation. Annual CO2
uptake and O: production by woody plants were 3 times greater in a district which was 2
times higher in their cover. Woody plants played, in a district with their 22% cover, an
important role through offsetting total CO2 emission from the district by about 3%
annually, and through producing 10% of annual O2 requirement by all residents within the
district. Appropriate planning strategies of residential greenspace, including species
selection, planting layout, greenspace enlargement, and maintenance were suggested to
improve microclimate amelioration, air purification, and fire obstruction.
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Table 1. Monthly transpiration rates per unit leaf area for each species of urban trees during growing season (kg/m?)

Species May Jun Jul Aug Sep Oct
Acer palmatum 11.1 20.1 16.3 22.4 17.7 6.1
Ginkgo biloba 16.9 40.0 54.8 65.8 8.2 5.7
Platanus occidentalis 29.3 42.5 63.1 74.5 13.0 8.7
Zelkova serrata 24.2 41.4 36.0 54.2 26.6 15.6
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Fig. 1. Hourly changes of transpiration per unit leaf
area for each species of urban trees during
growing season
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Table 2. Effects of difference in woody plant cover and pervious area on monthly air temperature and humidity
averaged for two years' growing seasons from 1998 to 1999*

Cover Pervious May Jun Jul Aug Sep Oct Mean
(%) (%) T H T H T H T H T H T H T H
0 0 204 61 259 66 289 56 269 66 227 79 98 71 224 67
12 13 194 62 255 69 282 58 264 68 224 80 97 72 219 68
22 44 186 67 249 72 272 65 255 74 218 84 94 76 212 73
*T: Temperature (C), H: Humidity (%)
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Fig. 2. Hourly changes of air temperatures averaged for

two years growing seasons from 1998 to 1999
by different cover of woody plants
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Table 3. Annual CO2 uptake and O: release per residence by woody plants in detached-residential districts (mean+

95% confidence interval in kg)

City Plant cover of district (%) CO: uptake* O: release
Matsudo 19 171.0+73.6 124.4+53.6
Chuncheon 12 37.8+15.8 27.5+11.5

22 116.61+46.6 84.81£33.9

* The uptake in Chuncheon estimated based on Jo and Ahn(1999a)

CO: A el AR, A CO FFFFH 0 Y24+
'“*8 ?%AEﬂ 28] o) &S A Foll A 3u) o] Bk
2, A8 FAR T 9% 2% FHA] FAR T
GC®€¢&°Wh%Ma°%%¢% NEE
ol A 2 gk 2}ol 7} gl et
i%ﬂﬂ%%ﬂﬂﬁﬁuﬁ%
2] A 2k 2] g A7 COx W & A]
EHA FARAFAA G713

3 3 7 286.8kg/yro] At}

EAE & aFe 4EsE § :L—E;—E\:} g
of

of

-

_.1.4

[e]

—

U2 Aeko] §74A E#F th7] CO: =
o =24 *6‘4?@“ gAY A MEALF
T Fotd, 52 I = 22% A FolM &
403.4kg/yre] CO: —Eg E4 9 W& 7He Aotk

"l oA H2 AR Al 7]U3 729

7F COx vl & 32 5 2F 15,730kg/yro] A THZ
19993)- 9= 22% A7 AT 8+ °ﬂ‘:1
AdFE Fall 2 AT & COmlEFe] o 3%E 3
sl A7 e Fad A Ee FIHAT AT |
A 3ol B g A4S A3 oF 270kg/yro| Th
(A, 1984). 9 = 22% A 9] 5 1 AFH AF
Bl RREY B 33U 71t a3 e R e
bl oF 10%E A2l R T

o
L.
A€
el
z+
T
H

& HN' oft wo 2 r;t B &'5 r

A7NG SAF SN EFE] 3 aFF AL
CO: E4%FL2 =BT 69.7kg/yr & %—urg
12.8kg/yrol 1, AP o2 FHA Ao Ze g}

2ol T atehd A9 A= 42 4.0kg/yr D -2.2kg/yr
ol ATHE S} £, 1998). AT 0 WEFL =EHUF
50.7kg/yr, E L 9.3kg/yr, L3} 2.9ke/yr S-0]
AL, F3H713te] CO: F-F v 3] vl 537 &2

Sl o3 COrdEol o BY Eegteiixe

- 167 -

233 79 AAE 1.6kglyr 28|3E Ao 2

Etsith 3R 10218 &Hle 7)o of 22kgd]

COE W & 3FTh(E, 1999a). 3 A o2 A &3t= §
27 15cme] “EGE 3 12 & svi) 328
‘%}T"r aHld mE CO: M EFE FAATIH,
g Abo] 68Ut 3 EFSed B o Ao FS
A 2kal ek,
B AT, 9%

=71
ZRYER

, $ZE0 CO: &F
ol ol gHo HE
F S7 o] E7lste, Ad TR A
AFES st A 31:5}5] ATH EAIFE
7‘4—8— 1%, A8 5 ‘gzc}ﬁrﬁo z79 a
< OE F Utk
9 CO: Fo7Fol B3t 378*%?%
ojof & A o]},

OS;L [UlO N'E

A=

- SES

[
3

4. XA 8 4 =) A

A7 AFATE FAAY SAAY 27171 4G
AESE delstn W yA & d s d7]
ASE AALETY &
T v e 124
Z5e Ao 1
"F 2)\‘3}. O] n] 7] 370 A
CO: &5 A 7 9 3hAHkx] 9
E 29, TA FAS
A A 8l ohg-3 2t

4 go] 7
29 9ol BN FFol B



2
N
-

Sheh (2
U}-.‘:‘f’_— )

2
(Clark, 1995; BF &, 2000).
AAEE L (F, 1999)

ot
i :10

oo

7%_]_

o
PN B

e Sbooh

e

2) A2 A 718

b & R FE A A S5 o) FE 9
Wit YA & A ekste] C vl & & A3t &
A7t 74 2 A= AE 9 Aol ezt ¢k,
1999b). o &4 2x7t 7P 2 A T2
Folm, Mgke] mEAAE 2 Aol 23 AL
tetste] A

=
=
A

i =
~—

18
N

1

£ o

L

2

N

N
B

o > g o

E b
o 4y
ST

-1 ol
it oo o,
o O
L2
NN
o
:oé
ol
o
2
o
O
\O
g
N
=
g~
o
LA
o M
d o

2 @
i

> o

A 9] 2ol
A A AL,
A4 4 21 LE BET
FTH(Clark, 1995; BF 5, 2000).

CR A G gel £2e AR BHE

tod, k7)1 Zte] 2 FR-A oA @ikl A

=

o,
Bl X

°]

dooE A ot fo (2 oo

1>
b O{N

L ot lo i

2
4
ol

L)
Mo~ o o

Sy owd ol @ % L ok

o oZ:,
L]

- 168 -

o] & T o] FEFel A

¥, &71gk upe} ol

PN 4o ok 0 gL

og

2AWATH 232

B A27z%d] e,
< 200m? o] 7¢e] thA o) FHa}o
el #H A 5~15%0]ofof Jteh(# &, 1998). 11
XA A 200m* o] 841 T =7F A A A A @a1(
EAE 2% £HA ATFA 7Y 2% o 50%
) HA 5% 2AAXE R v AL Tt
B7, ol xgd i AL 53 =X

=

3) AW

A% A 2

2o
2 »

v}

r

offt
S,
e P

td
o ¥

e
{r
Bl
ix
r
o
ofj

4
Rl
i)
4
i

ki3

COE
=90

=
=]

ERRHE
g I &)

[¢;

r
LN

O
-

ll
Wi
© X R o

H
dr

)

ri%
e o
o o
Q
off
b
3

F

off ax oy L e He
o ot M2
RV e

o P ao rx
N,
]

0
M)

2

§

< &8s AE(&, 1999)= &
B 4 Asted CO: BEE ALY
R LE I BEEEEE
P daFHo N ES doh £EHF L

o
52 YgAR9) F5Eo]

>
o
>
%



e
N
o
M1
>,
=
N
)
A
)

B
N
o
=
r)f
we

o
SIS)
tlo
2
>
ol
Sl

&5 E 0 A FE F&EI =) 2d] ¢
oA 38 o] BTt 5T = 22% A 72
a7 oA AL Fal A7 F COaHY
3%% dlvich A A 2, A7l AFR
Z+HaR e Adage oF 10%5 YAt
gtk F23 4 15em
g Y F a7 8Y T FAY
7,100kcal/h(AFF-4 2453 &) W58 & 7k Wl
& 12712 B3 oF 3] 7hEShe Aol 2ottt B
3 2 5 dnitt 32815 9] 3R Aol w
CO: Ml &S A A 1, T Aldo] 68Ut & F

<t a3 Aads st AT AR
=

T

i

5

r 12 o U

-

XL o
RO (1)

f

¢

O fg o Ay Hr R X KT o o 1o
or 4 o i rfo & 44 orfr =R

Q
&F.2-
==

ol
o
=

Lo

¢

Lot b N e o

O
-

H]

bl

Ao, 42aH, AEFE A7, 5422, A4
B2 57 2R £A FA%A9) A4 AY 2
el A A A ST Aoke Aeke dE BER
ARANNE B2 M2 FADA S 248 §
go R824 e AR Ao

Ab AL

- 169 -

A=
T

27(1): 39-53.

2@, 1999b. =A XA FEd o g o 1]x] 4]
9 gaurE b= gk A e 82 %] 13(2): 101-108.
284, de . 1999 FAR 73t FEI o ©HE
A2 A CO: §5 o Aol FEBAY A

13(3): 255-261.

24, e Y. 1999, A FAAFY 5=
o] zpo] 7} ko idz] o] § gl v fof 1=

F 3} =27 8 3] A 27(2): 19-28.

2387, G 1999c. =A 5] of ol g n] 7] Z 7

7% = 27d 83 A] 27(4): 23-28.

,ol7AA), BA Q. 1998. &4 2] EX|o] & H

A FZ. 874 A &3] =] 12(1): 30-41.

232, 253} 1998 A FQ 2FFe A3
CO: & <. = 27 8k 3] ®] 26(2): 38-53.

dEEE S T ARIZEAT. 1992 SERSARILAT AR O B bR
FE BT A%, LARTHAZERTEEISE30599%.

BY S2EH. 2000. Byt OFS KAERE(&RIL =, HTR&ft
D#ALLD). HHl: v 7 b4 = v Ajit. pp. 44-49.

Akbari, H., Davis, S., Huang, J., Liu, P., and Taha, H.
1992. The urban heat island: causes and impacts. In
H. Akbari, S. Davis, S. Dorsano, J. Huang, and S.
Winnett (eds.), Cooling Our Communities.
Washington, D.C.: U.S. Government Printing Office.
pp- 5-26.

Bernatzky, A. 1980. Tree Ecology and Preservation.

B
i g 10
iIN3

New York: Elsevier.

Clark, J. R. 1995. Fire-safe landscapes. In G. A.
Bradley (ed.), Urban Forest Landscapes. Seattle:
University of Washington Press. pp. 164-172.

Givoni, B. 1998. Climate Considerations in Building
and Urban Design. New York: Van
Reinhold.

Herrington, L. P. 1984. Climatic variables. In E. G.
McPherson (ed.), Energy-Conserving Site Design.
Washington, D.C.: ASLA. pp. 59-77.

Huang, J., Akbari, H., Taha, H., and Rosenfeld, A.
1987. The potential of vegetation in reducing summer

Nostrand

cooling loads in residential buildings. Journal of
Climate and Applied Meteorology 26: 1103-1116.



Kozlowski, T. T. and Pallardy, S. G. 1997. Physiology
of Woody Plants. New York: Academic Press.

Nowak, D. J. 1994. Atmospheric carbon dioxide
reduction by Chicago’ s urban forest. In E. G.
McPherson, D. J. Nowak, and R. A. Rowntree (eds.),
Chicago’ s Urban Forest Ecosystem: Results of the
Chicago Urban Forest Climate Project. General
Technical Report NE-186. Radnor, PA: USDA Forest

Service, Northeastern Forest Experiment Station. pp.
83-94.

Profous, G. V. 1992. Trees and urban forestry in
Beijing, China. Journal of Arboriculture 18: 145-153.

(A 44 2000. 4. 25)
(&3 ¢ 2000. 8. 25)



