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Abstract

This study was carried out to assess the carbon budget of two urban parks and one natural park and

to prepare the plan for improving the ecological functions of the park including carbon sink. Net Ecosystem
Production (NEP) of those study sites was calculated from the relationship between Net Primary Production
(NPP) and soil respiration of each study site. To understand carbon budget of the whole area designated as the
park, carbon budget of the urban park was analyzed by classifying the vegetated and the non-vegetated zones.
NEP of the Nohae and the Sanggye parks calculated by reflecting areal size that the non-vegetated zones
occupy were shown in — 1.0 and 0.6tonC ha™' yr™', respectively. On the other hand, NEP of Mt. Bulam natural
park as a reference site was in 2.3ton Cha™' yr™'. Based on the result, the Nohae park was assessed as carbon
source rather than carbon sink. On the other hand, the Sanggye park was classified as carbon sink but the role
was poor compared with natural park. The result is, first of all, due to lower NPP of the vegetation introduced
for the parks compared with natural vegetation. The other reason is due to wide arrangement of non-vegetated
zone. To solve those problems and thereby to create the urban park with high ecological quality, selection
of plant species suitable for the ecological characteristic of the park, their arrangement imitated natural
vegetation, and ecological zoning were recommended.
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3t =89 F4lo] ZAZRE HjEE= a9 AP
FA 9] ApAlo]th(Grubler, 1994; O’Meara, 1999; IPCC,
2000). A A|AH 2 oF 2% H L] HA o] ZA|Z o]Fo]
A Jot A AA AT oF 54%0| Pt 399 H A
=7} ZA] A Fof| AF3F Itk (UN DESA, 2014). Q1
s, FAAE vxT ZAS 99 g, =29 g
ol e ZAA A 849 F77F A AEA Y T4
FA o F FFE F7) WEol =AY A a4 H3Hag
5 9 ©aR] HYEPL g Fa35tHIPCC, 2006).
IPCCoA = o|n] ZAR 9] CO, TS A5t B
IBEE Q78I 9low, 52 B IA (IPCC, 2014)9] A
© FAANRE EFE EAA TA Y g EARRS £F
3t AAehs ot RAS A WS AEY, LAY
23 EgerA Biskel B E AV wiE
bk HHS oHE L QU

deff #3E AASH A3 LY a2 7t 2
g St AR AHGI EX|o]§ W3R 43S At 7]
SIS F2313 Itk (Houghton, 1995; UNEP, 2009). 7]
FHIE FEE CO, 55+ AT4 YL 28 24
A AFPAME A&H o7 F71ek= FA QAT 1A 9
¢ Hshe T AFELES ol AL 1 A5 ¥
t}(Amthor, 1995; Park ez al., 2013). o] AL 22 H 2] &
o] CO,9 1A Y (sink) o2 A-&3t Zuto|th(Barbour et
al., 1999). Eddy ¥&#4AHH-S 2830 EX|o]& F-3o] ok
E T A9 BA 352 BA3 A} (Park er al.,2013)E
S FARA AT AAFHA Fo| ghapR oA Zhzt
A (source)} LY £t B
o] Qith,

A A U] s

W3l 7] 5 Co, 5= Hol&

&8kl ATk (Schimel, 1995). fk=of| A A
Ale A9 EXjol§ 7= vl sh=
2015). &, 7122 EXO|§ FE7}t £ TEiJ+ d%xl
Hol|A w2 A F7Fete FFo|UL, WERTS FTHo=E
EXol& FE7t @2 A FoA 7|24 50l A o]F
22| okt g B FjQloA T2 FAFE B
A th(Idso et al., 1998; Lee, 2015).
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(Amichev et al., 2008; Palmer et al., 2014).

BeE HAYoRA nHAY %S AMTE AL
AEAS] B S5l et R F Aol A
NN BhEBS HBo| 7] F o AIAAE FTHL
F3) DR Ao AFE 484 148 @
A8 1S, 49, 94 S Lol mges 334
o ofu] Eoel ZHEH g BaY ARL fr)2

ZHT oAy w2t ole) WA 24 s@stne w
A BasAE FFHOR sorsty] AL A4, B,
G712 ololAt ofe] WA Ha BEEL BFHOE 1
tolof gtk of7]| 258 o] wha
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=

5 =290
R =

g o} EFO R HE Y
V2 A0S A nEsto] AR gl &35 =
A& A A AL (Net Ecosystem Production, NEP)
olg} gttt (Joo et al., 2011). 0] &AJAEF 2 =g ok
F4APREIGOR BT He O
oA e AREE a9 o] "t
(Curtis et al., 2002).
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Z A 75 I = e A vi AAHE
oy =¢ AEE0] X EHE F$7F Bt (Lee et al.,
2011; An et al., 2014). B ATFol| M= o3t =AFH]
AFAQ BES Holi Y ASA mdtt SA5d 9
Aet el AT LT AAEl HAS FATHTEE =2
AL diAF e &2 ARttt (Fig. 1).

S, B Ao Ae AFA G| - FAXHSl &
QFatoll gt AZUE (Quercus mongolica)wr< &
A 42 AASATH BG4S 19774 749 99 AM R4
A13850] o3l =AIAAF UL E A G AT (Lee et al.,
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o g et RG] JFo2 E4lo] ¥, HAL
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Fig. 1. A map showing the geographical location of the study sites,
Sanggye park, Nohae park and Mt. Bulam.
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Table 1. Allometric equations used to calculate total biomass of plant species appeared within quadrats installed in Sanggye park, Nohae

park, and Mt. Bulam.

Species

Equation (total biomass)

Reference

Quercus mongolica
Alnus hirsuta
Symplocos chinensis
Rhus trichocarpa

Y(g)=834.069D" 1%

Pinus densiflora
Juniperus rigida

Y(g)=92.577D****

Korea Forest
Research
Institute, 2010

Quercus serrata

Y(kg)=0.177 +D*'** +0.003  D*** +0.002 + D*’"* +0.400 + D"

Pinus koraiensis

Y(kg)=0.064D**"" +0.621D"'** +0.025D** 4+ 0.056D*'"

Liriodendron tulipifera

Y (kg) =0.121D**** +0.020D**** 4+ 0.090D"'*** +0.0001D**"

Korea Forest
Research
Institute, 2014

Sorbus alnifolia

Y(g) =90.698D*** + 5 550D + 3.189D**** + 32 307D***

Institution of Mt.
Halla, 2012

Acer palmatum

Y(kg)= —46.4127+9.7076D

Prunus serrulata var. spontanea
Prunus sargentii

InY(kg) = —2.1333+2.4181 % InD

Ginkgo biloba

InY(kg)= —2.1497+2.3787 +InD

Zelkova serrata

InY(kg)= —1.7777+2.3862 *InD

Jo and Ahn, 2012

Zizyphus jujube var. inermis

logY (kg) = [{0.667log(D*H) — 0.419} + {0.553log (D°H) — 0.6419}
+{0.3257log(D’H) — 0.5419}] % 1.25

Aesculus turbinata

logY(kg) = [{0.668log(D*H) — 0.5908} + {0.5276log (D*H) — 2.9032}
+{0.6819log(D*H) — 1.0911}] # 1.25

logY (kg) =[{0.8077log(D’H) — 0.7313} + {0.843log (D*H) — 13403}

Malus floribunda +{0.578log(D’H) — 1.0167}] %125

Ulmus parvifolia logY(kg) = [{0.8245log(D’H) — 1.1764} + {0.5723log (D°H) — 1.2772}
4 +{0.4468log(D*H) — 1.364}] % 1.25

Pyrus pyrifolia

Magnolia kobus

Fraxinus rhynchophylla logY (kg) = [{0.9237log(D*H) — 1.0433} + {1.4489log (D*H) — 2.64}

Magnolia denudata
Cornus officinalis
Prunus armeniaca var. ansu

+{0.9065log(D*H) — 1.7552}] % 1.25

Diospyros kaki
Diospyros lotus

logY (kg) =[{0.942log(D’H) — 0.0029} + {0.3167log (D°H) — 0.0047}
+{0.6028log(D*H) —0.7241}] % 1.25

Platanus occidentalis

logY (kg) =[{0.98911og(D*H) — 13363} + {1.1686log (D°H) — 2.6304}
+{0.922110g(D’H) — 2.2675}  1.25

Acer buergerianum
Acer pseudo-sieboldianum

logY(kg) = [{2.288l0gD +2.1265} + {2.814910gD +0.9032}
+{1.93110gD+0.9146}]%1.25

Koelreuteria paniculata
Prunus mume
Chaenomeles sinensis

logY (kg) = [{2.4505logD + 1.9423}] + {2.4936logD + 1.1606}
+{2.4936logD + 1.1606}] * 1.25

Sophora japonica

logY (kg) =[{2.4692logD + 1.9576} + {3.0887logD +0.7443}
+{2.49210gD +0.5036}] % 1.25

Juniperus chinensis

logY(kg) = [{2.63910gD — 1.8017} + {2.334logD — 1.871}
+{1.561logD — 0.8543}] % 1.25

Metasequoia glyptostroboides

logY (kg) = [{2.74logD + 1.45} + {2.970logD +0.44}
+{2.86logD +0.43}] % 1.25

Kwak et al., 2004
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Table 1. Continued.

S HOIM HItE EtASX]| 55

Species

Equation (total biomass)

Reference

Rhododendron mucronulatum
Zanthoxylum schinifolium

InDW(g) = (3.8212 4 2.3652InDAG) * 1 .25

Jo, 1999

Remarks. Carbon factor: 0.5 (IPCC, 2001), Below-ground biomass estimation coefficient: 0.25 (Whittaker and Marks, 1975), D: DBH, H: Height, DAG: Root

Collar Caliper, Y'DW: Dry weight

Table 2. Density, diameter at breast height, basal area, and net primary production of woody plants established in Nohae park.

2011 2012
. Density NPP
Species (Nha™) Mean DBH Basal area Mean DBH Basal area (tonCha ™' yr™")
(cm) (cm’) (cm) (cm’)
Diospyros kaki 6 143 160.5 145 165.0 0.086
Diospyros lotus 6 9.5 70.8 9.6 72.3 0.030
Zelkova serrata 219 16.6 8,177.9 17.2 8,754.6 1.406
Acer palmatum 181 11.8 3,509.6 12.2 3,740.8 0.355
Pyrus pyrifolia 6 12.0 113.0 12.3 118.8 0.049
Metasequoia glyptostroboides 19 13.7 529.6 142 5633 0.064
Koelreuteria paniculata 6 114 102.0 12.0 113.0 0.024
Chaenomeles sinensis 25 10.7 3749 11.2 409.3 0.075
Magnolia kobus 6 8.5 56.7 8.5 56.7 0.010
Magnolia denudata 50 6.1 239.7 6.2 250.2 0.182
Prunusserrulata var. spontanea 56 12.8 1,270.0 13.6 14292 0.275
Cornus officinalis 69 8.3 6243 84 649.1 0.243
Prunus armeniaca var. ansu 100 11.5 1,847.3 11.7 1,906.1 0.660
Platanus occidentalis 69 279 7,609.0 28.3 7,776.7 1.191
Ginkgo biloba 38 8.0 302.8 8.5 341.5 0.279
Pinus koraiensis 81 12.0 1,545.6 12.3 1,620.7 0.131
Ulmus parvifolia 25 242 1,855.3 25.0 19814 0.148
Sorbus alnifolia 19 7.5 1352 7.8 1454 0.019
Sophora japonica 31 15.8 1,076.8 16.2 1,133.2 0.192
Total 1,013 - 29.,601.2 - 312274 5422
242 AHOE I, BT F 10:00~13:00 Aolo] 7] SANANLF A2 9 B FHYPAE 57
Hz ygolA 43] vbEste] S vid SHE B e 2UEdsH W A BEGY FEITEE 35 ¥
FEF S T Y dE Yo AESAT EYFEE &2 ¢ 55%5 A-85H% L (Raich and Tufekcioglu,
2 ARG YAlH FUT o2 SYHU B 2000), PASFFES A =YBFFoRNE LYY
FTEFY A4S CO F= S AA 7L FAE chamber  ABE TFFE Adsto] ALsih(Lee, 2003).
£ collaro]] A& AMgo A L% collar®t chamber?]
32 3719 COx 5= MR 28 Foh2E PHOE 5 AMEAMME
S5t AIZF W3t W2 CO, %9 571 £ 2 A4t

(<0

9t BEoF mHoA HEHE CO, BE9 27t&rz
RE EFEEE A4bshe e 4 13 2o

i

Soil respiration (mg CO>mg *h™")=apVS™ (1)
a: CO, &= H3gle

p: COz Y= (mg m™)

V: Chamber?] £33 (m?)

S: E9F 3 (m)

LA A YA (NEP, Net Ecosystem Production)< 2]
E7F9 &3t CO, S+ (NPP, Net Primary Productivity)
I B FEHFIBEY T5o0 Y3 COs HiET Aol
o) 3ol Falsic.

aet 2ATY el Aol ABHEA e A7
B2 HAE AL 9lof, 3T AA S gagS 7]
A=E BH7Isl7] Y= Aol Add 3 A s

A ke FIE TR HLESFS AN Bt 9)
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Table 3. Density, diameter at breast height, basal area, and net primary production of woody plants established in Sanggye park.

2011 2012
. Density NPP
Species (Nha™) Mean DBH Basal azlrea Mean DBH Basal 'erea (tonCha™' yr'])
(cm) (cm”) (cm) (cm”)
Malus floribunda 69 7.1 463.4 7.3 486.3 0.109
Zelkova serrata 156 15.2 5476.8 15.7 5,766.8 0.711
Acer palmatum 13 16.2 4143 16.6 436.6 0.024
Prunus mume 13 4.2 28.5 44 310 0.003
Metasequoia glyptostroboides 56 16.5 2,293.5 17.1 2440.8 0.373
Magnolia denudata 56 54 2270 5.6 237.8 0.031
Liriodendron tulipifera 81 28.7 8,720.7 294 9,1359 0919
Ginkgo biloba 56 145 2,032.8 15.1 2,180.5 0.251
Pinus koraiensis 400 119 75712 12.3 8,019.7 0.787
Acer buergerianum 150 25.0 13,343.6 258 13918.1 1.550
Aesculus turbinata 19 10.6 321.7 10.9 339.9 0.017
Juniperus chinensis 13 54 454 55 47.3 0.001
Sophora japonica 6 30.0 706.5 30.1 711.2 0.022
Total 1,088 - 41,6454 - 43751.9 4.800
o} whEbA Aol AYER 32 UAls EYTFTHE vl 54310 em’2 71 YL, 2U4F (P. densiflora) (1,621.0
Ao, Aol AFS Z7re LAY R Eoko] 24 cm?), A= (Rhododendron mucronulatum) (720.0 cm?) 5
FHE TFFS A AL g w379 A 9 £2 2 YR TH(Table 4).
A o] A A BAES AP ST
2. aAME
ST Lol 2R AT AATATU 2HE A AL
22 7+7F 54tonCha™ yr '@} 48tonCha™ yr '& YEbyt
1.5 5N T (Tables 2, 3), B9HAF AZH 2ol SRS 6.4t0n
Cha™'yr’'& SATh(Table 4).
=2l Wl ST HEY Y =EHY yr 2 R )
= h=a -1
T (Zelkova serrata) 219 ¥ ha™ , & EU5 (Acer palmatum) 3, EorsEa
181 2 ha™', A U5 (Prunus armeniaca var. ansu) 56 2
ha'! 502 ZAEQI 7| HHHL “E|WR (Z. serrata) Lddsd, AATE T 2 EdAF AZUREY A
7} 8,754.6 cm’2 7V WAL, FMEUTE (Platanus occi- I+ EFZEF WIE Fig. 20 Yehglch EFEEL Al
dentalis) (7,776.7 cm®), FEU (A. palmatum) (3,740 .8 cm?) A oA HE o Zof 7}A =11 AL 71 Y AFP A
Y A E WA YELTH(Table 2). il ﬁlxé‘ﬁﬁ} FEE Bt LA dT AALAT Y
AATAFAY PHTO] FRT A8 WEE ST o A$ s9o] EFEEU AP BRL(=A2AT
(Plnus koraiensis) 400 Eha™', “E|JUE (Z. serrata) 156 £ Q1 ,431 2mgCOm>h™", AAZHZY: 993.7 mg CO,
' 22 E (Acer buergerianum) 150 £ ha™' S22 g m2h™h, 129 71 Aced2AEY: 99.3 mg CO»

‘,d‘E]-. 7N\ A H AL F2E (A. buergerianum) (13,918.1 cm?)
o] 71 Wi, M- (Liriodendron tulipifera) (9,135.9
cm?), BT (P. koraiensis) (8,019.7 cm?) 52| 02 7
U (Table 3).

EUA AR Wyt Sd% AES
W (Quercus mongolica) 500 2 ha™', 2V (Pinus densi-
flora) 150 & ha™', BHiUEE (Sorbus alnifolia) 600 £ ha™
ToE UERT 7AW AE AZUR (Q. mongolica)7t

Nz

mh7, AAZEEY: 24.6 mg CO, m™>h™") (Fig. 2a). &
A AR ZY EGIFHFE 7H HAHAE HIA
18584 mgCO, m2h™"), 1€¢] HA%](28.9 mgCOm™>
HE YeEtdiglct. 3, 2AT Y F AA] =YER] &
< UA 9 EYTETE 89| HuAE EHUIL(183.18
CO,m™h™"), 190l A% (6209 mg CO,m>h™)E Hg
o} (Fig. 2b)
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Table 4. Density, diameter at breast height, basal area, and net primary production of woody plants established in Q. mongolica stand of

Mt. Bulam.
2013 2014
. Density NPP
Species (Nha™ Mean DBH Basal 2rea Mean DBH Basal 2rea (tonCha™'yr™")
(cm) (ecm”) (cm) (cm”)
Rhus trichocarpa 25 2.6 53 2.7 5.7 0.005
Juniperus rigida 25 22 3.8 23 42 0.001
Symplocos chinensis 25 32 8.0 34 9.1 0.012
Acer pseudo-sieboldianum 25 29 6.6 32 8.0 0.006
Alnus hirsuta 75 134 4572 13.7 473.8 0.167
Fraxinus rhynchophylla 150 9.5 544.7 9.8 559.5 0.693
Zanthoxylum schinifolium 25 2.1 35 2.6 53 0.002
Pinus densiflora 150 16.6 1,515.2 173 1,621.1 0.703
Quercus mongolica 500 155 5,122.0 16.2 54310 3.109
Quercus serrata 25 20.1 317.1 20.6 333.1 0.183
Rhododendron mucronulatum 1,600 2.5 371.8 3.6 720.0 0.586
Sorbus alnifolia 600 43 400.2 5.1 5464 0.947
Total 3,225 - 8,755.4 - 9,717.2 6414
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Fig. 2. Seasonal variation of monthly mean soil respiration rate of Nohae park, Sanggye park, and Mt. Bulam (a: Nohae park, Sanggye park
and monthly mean soil respiration rate of bare ground in two parks, b: Mt. Bulam, mean £ SE, n=24).

Table 5. Net ecosystem production of vegetated land in Nohae park, Sanggye park and Mt. Bulam.

Site NPP(tonCha™ yrfl) Heterotropic respiration (ton C ha™ yrf') NEP (ton C ha™ yrfl)
Nohae park 54 52 0.2
Sanggye park 4.8 34 14
Mt. Bulam 6.4 4.1 2.3
27 95tonCha 'yr "¢} 6.1tonCha™' yr '8 A= Q31, 4. 2= MEf A AdARZE
oM} AZUEZAS] At EFEFFE 75tonCha’!

Aok T, =AY F A0l =AHA| ¢
I EFTEHFE 29tonCha ' yr ' 2 S

Loy dn AATdTEe A AUA Y 9 B9
Ab AZUEZEe] LA A AYAEFS 2-2F 02ton Cha™
yr!', 14tonCha'yr' @ 23 ton Cha™' yr'& Uebytch
(Table 5). 1Y} Y7} Z3hd U3+ AAE 1283}
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Table 6. The actual net ecosystem production of Nohae park and Sanggye park.

Green space Bare ground

Site

The actual NEP
of green space

The actual NEP

of bare ground The actual NEP

(ha) (ha) (tonCha™! yr_l) (tonCha™' yr'l) (tonCha™ yr'l)
Nohae park 243 143 0.1 —-1.1 -10
Sanggye park 3.09 0.73 1.1 -05 0.6
o A4E =FTATLS AATATEY SAEARA Chalyr 2 7P B9, ot EE0) Tuljube ¢L}T,
FE 22 —10tonCha™ yr'9h 0.6tonCha'yr ' 2 UpeE  EFur, J&%ﬁ«l Aol A 2tzF 095tonCha yr',
I Th(Table 6). 0.70ton Cha™ yr™", 0.69 ton Cha ' yr' & 0.59 ton C ha™'

n %

1. EAIZ D} xjeizlo| EAES

or

AATAT AT w2 AR F o AR AR
e ofutEtA] Y l"—Xl(14t0nCha yr HeF fARRE gk
< YERJQTHMOE, 2011). 284 YRS x3ste] A4k
T A AT SAEY oA (I HEY) '
2FFdo] Hojx 1 7)ol njorgt Ao g HrtE gt

,.\
o,

A2 F-Y) (Table 6).

olgdt Ait= A AR =Y3Tol AAsHE BIF Ol
Wil ofof ko] E=AFAY =AAEo] Ayt vl
3f ‘;\}3 Aol 7108 &0l W2 AL A
T A, AEE Sl uEA e A9
3.‘3’1 7R ol 7113 (MOE, 2011).

b Ad U= e] A AL (2.3ton C
ha ' yr )2 BAFSEOR V)58 g vk, 1
e AFAY AZVRZE(NEP: 22ton Cha ' yr') 2
AR o o] AlZUREFZ2H(NEP: 2.9 ton Cha™' yr)d} fAF
3t 2k YEHY It (MOE, 2011).

x| a2k
[ S e |

-

2. EAIZHO| EHAES

olr
ol

OI-J

Lo

2T U AATHTEY A8 U= 421013
Eha' @ 1,088 E ha” EH EWA AZUREY o7
5(3 225 B ha )HE T} ZA FQTh(Tables 2~4). 2R &
A EGAtoA oA Y w& Y D BHjuF, AL
5 olmB3 U BE3 wdo] 7|dch 398 YR By
of & MAg S7he B & FTHIA BT
43S F7|= A5 (Kucera and Kirkham, 1971; Litton
et al.,2004), o} 53 W HEZFO] =2 YLl AAEO
SAAEFY] Z7lo = 93k mATh B AR
oA #FE LS B5F AZUFolA 3.1ton

iﬁﬂi

o2 eyt 3, A2 AT YN e FEUE
o] 1.55tonCha™' yr ' 2 7}4 &9ta. ®3HHE 0.92ton C
ha™! yr_1 AL 0.79 ton Cha ™' yr', =EJUL 0.71 ton C
halyr! 02 vEhdth kAT Aol E LEUR
7} 141tonCha™ yr '2 78 =¢t1, ¥ EUE 1.19ton
Cha'yr!, AFUE 0.66ton Cha ™' yr!, THEUEL 0.36 ton
Cha'yr’' &22 Uelytth Henry er al. (2010)S §33
oS tHoR 429 topde] mE HaFetol
Yt Aol T AAe] g Aol §skA A8
S dhs| 7 k. BA A7 Qo= o ARL gy
%i} £ < eSS 14 5 A"E 7159 A4

]‘ﬂs}ui(Mlller 1997), ZA|ZY ZAoA HEEA
_TlE% slojof & Als}o] EHth(Lee and Lee, 2004).
SH. EAFA) BYE PAFUR APUT 5 4
Hdo l A YEbR A, 019} e EAe= ol Fot
te] AsdAol ol2a, I A$ f ol #aE F5HA
steg 1 airt ?—__]1\]&]0]_1_ A 7} Atk (Park, 2009).
TR, EAAGofA] o] LH = AEA AR 7]F
= FH3Ekel7] HeiAE ol Ze YHF =Y AF
sfloF gtttk (SERI, 2004; Tallamy, 2004). ]3+4 2 A1 &
T U F UL AATHTEE EUGAL A
E8A T A tiEA AAR AT QY JeER, o
S Aoz FA 4hza 9 QIzte] o3t i F9 ol
SHET = 2719 o5 YPFTE A Ler F oY
AL Eo|A #+39 £ A (Lopezaraiza-Mikel et al.,
2007; Aizen et al.,2008), G4 A5 <& (Ehrenfeld, 2003)
9 WA A (Brooks et al., 2004)E W3] 7| 22, A} A A
of AHT & e HAE F&st 2H o F OF
& E3A) "o} (Vitousek er al., 1997). B3 = F 9
AES 2% 2 2R/E oA Ho|aES ¥ A I
=9 FHE=G AEFoE FFS v|Xth(Tallamy, 2004;
Jenkins and Mooney, 2006; Heleno et al., 2009). #q} o}
2} Lamb er al. (2005)> A+ AP o2 o]Fo)R= A
EHo] AHEolu Ao o w2 ARES 7HA7] fiel
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S Ad BEe AF 2Ynctd &
H7} o gofof geki AT vt ik,

EA A ] BPE Bradshaw (1983)7F AAIF Fz3

B9lo] £3}r], o At AEaee] ARE A
B53ka, 1 ARE B3t A2 A
£ Axste HHe Au|et wEtd AFHoE ZAA
HAE 59517] AslA= Bl S0 J-t 4%
Adds h2AHAR ot I 725 2T dart gl
t}(National Research Council, 1991; Aronson et al., 1993;
Berger, 1993; Lee et al., 2004; Lee et al., 2011). o] #3st o
= *JMWL £4S A% 7I2AEE AFste ELAY
o= 2 AF 9475 B7Ish= A3 o] "TH(SERI, 2004;
Lee et al.,2011).

2 AT AoA Hizo] TS =st] 24E
EATEE g Aoz G2 WA AA T F+5A ol YAt
of AR At el - Q12 AHd A A} Bl wsto] e
Aoz FEgt YA UFol= EF5HL A B Ta
T45S BT (Table 5).
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