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ABSTRACT

This study developed quantitative models to estimate the rainfall interception by seven native landscape tree species
based on throughfall measurements. The tree species considered in this study were Abies holophylla, Acer palmatum, Ginkgo
biloba, Pinus densiflora, Pinus koraiensis, Prunus yedoensis, and Zelkova serrata, which are frequently planted in the Korea.
Among these species, 35.8% of the annual precipitation was intercepted by P. koraiensis, 34.1% by A holophyila, 31.0%
by Z serrata, 27.6% by P. densiflora, 26.9% by G. biloba, 18.6% by A palmatum, and 18.4% by P. yedoensis. All the
quantitative models showed high fitness with 7* values of 0.90-0.99. The annual rainfall interception from a tree with DBH
of 20 cm were greatest with Z serrata (5.1 m3/yr), followed by P. koraiensis (4.1 m3/yr), A holophylla (3.1 m3/yr), G
biloba (2.8 m’/yr), P. densiflora (2.1 mrjyr), P. yedoensis (1.9 m’jyr), and A palmarum (1.8 m’/yr) in order. Thus, evergreen
tree species or those with a relatively high crown density were more effective in intercepting rainfall. In particular, the
annual rainfall interception by Z serrata was the greatest because its crown area, volume, and density were higher than
those of the other species. This study pioneers in quantifying annual rainfall interception for landscape tree species in Korea.
The study results can be useful for evaluating rainfall interception by landscape trees in urban greenspace design for
governments and corporations.
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b: Top view

a: Elevation view c¢: Landscape of experiment site

Figure 2. Experiment design for measuring rainfall interception of
study trees

2T oy F3e] $FAREE 34
FE 59 718 %S getetdth S 4 2 S
o AR ATAHe Mg AAs= :
U AHSEE AE APATE Ao FAEIg 23
S Q8 vt AF 2eme YEAHES 671 v wp
AHJung et al, 2007). P=e] A9 SAZASY] $3
Boll A& 102cm, =0 152cme] AHES 10744 wi=]ste]
FHAEASE 4259 HXiao and McPherson, 2011). ©1&
AT 3999 Fh0ung ef al, 2007) T FuAHA °
10~65cm®) 25 (Xiao and McPherson, 2011)& thAare
ANENT, AT AL FEY A7 AR we)
Tha Zgolatdith & Ate] A% 44 2 AEFe] AL
371 AP AT A3, °4%L ik, A 29k S0l HlolE
o] BAA 2l & Atete] 7k 2Ag Aot

FE] F7ho) ot A RS S5 SsiMe Bt
T5tA ], A g 3 o2 T F9E dEs @
of B Ao sharol A FaAiel £5e dS 4913}
A okora, B NPAT(Kim ef al, 2004: 2005: Jung ef al,
2007: Xiao and McPherson, 2011)0] w2® AA| $-=215) 2%
oM Z719l 23l A= Yol 1~4%Z vv|et7] Wz,
e EetA ¥t ol &7l nE A e

BN

>
N
ll

= SRAG) 9% AIE Sl 7148 ue} 4ol
@ 5 W) R, FF 37 AT Tl ARAT AHE )
RAEE QL sIth B AR vskihs 0] S
& $AYR) LA A9 T ARl mebd, ¢
AU 9 AL FAUE el 4 ol 5
13500) 27 7 Qg £2 e $ARFOR £L 5u

3 241 8 7, O5eme0icm 29) AR SRk

LHOH/H 'lT*l

A TS A%
g7 ol &
Aoz 7Fox ]

2019a 2019b: 2020 Jo, 2020), T 4 T L BéE"

4B7E 2451 9;5 B Y EE fete AL e
]
o

HH]*Q} Ehﬂ x}@ Fe 15
< rdd dre %LH% R R ggdelnt T, vl
M 2022979 =AZS ARAEA JHEE] ===
EXE AR 2AZAF] AT A7
AzFstet vb Arh(Xiao and McPherson, 2002). &, +3 9
A, 733 5ol 71Q1ste} 2922970 25 AAE A7k ¢
FARZS et olF A7 (15cm PR 15~3lem, 31~46cm,
46~6lem, 61~76cm, T6em ZINER BF L A, 1 A,
TR 15~0em 2719 BARETE g0 wel Az
30~65m9] 2 AatHon, Aol ARFE AR 9
W S7reke e Bk
& QT A A7) ARdTe FAA 3] A
A5 At = 57 =A9] FolM A A7 d
FAAL QMER (Jo ef al, 2019b: Jo, 202008 B4t EA
e MAE A7 SRR fFee AREYS v}
alom, 11 AL vt Zrk(Figure 3 3X). AA, Al

C

2

N{oj'g‘
2

O

ko

FEOEN o o

Collection of data on tree
planting in urban parks
(Species, DBH, tree height,
and crown width)

! !

Analysis of crown area and
volume for all planted trees in
urban parks

Measurement of rainfall
interception and crown
density for study species

Analysis of seasonal rainfall
mterception and crown
density for study species

I

Calculation of annual rainfall interception
for all planted trees in urban parks

l

Regression analysis with DBH,
tree height, crown width, and crown
volume as independent variables

!

Development of the most suitable
quantitative models to estimate annual
rainfall mterception

Figure 3. Systematic study flowchart

FHREZSEIR| | 49U 45 (0214 6%) 33



Journal of the Korean Institute of Landscape Architecture 206 Hi§0)| - 23 - AT
& A, 4 2 2 S48 ACE F 1807 oA A Table 1. Size of study trees by species
A EAZ7S QAEDNA A7 $EolAN F197 -
TOWn

o] 10cm ool FEES BEOZ FE3E 2 AFox )
‘_] o v & N /\E EC o FEA o A Species DBH (cm) | Height(m) Volume
© A AS FEE gREe] AEel] Wi, Al Width(m) (ngl
Tl 95 283 9o FH7 Loem vIe] H5E
L nEJA A9 o] AAE B F2H 52H B Abies holophylla 17.3 9.3 43 26.6
o) MAF= 22 ZE U 7270, S U 60370, AU 492 Acer palmatum 214 47 52 361

1= R h= 7l o35 I AR 7 2 %j =]
. SRR SISV 2600, S04 51 % ) o Ginkgo biloba 242 95 44 304
234 olet. A, ol EE 759 442 EUE AAYE

A3} 34 HS At @ﬂﬂ 7} z7§_}|: o] Z=zm A Pinus densifiora 185 6.8 35 16.8
01] SRS, AU, FHZ 597 9 7R-EHKMA, Pinus koraiensis 335 115 51 544

. p=1 o = E 2=Hol o
2015: 2016: 2017: 2018: 2019) 5 stef B2 el o Prunus yedoensis 255 6.8 53 496
2 $EAYES PSP, ol AHAE B 58
oMEY AA £y, SUE SPE & EYws b Zelkova serrata 26.0 75 5.8 594
Hxol M3 9 vy HIS AT, 2 A gE ' Stem‘diameter at breast height of 1.2m(the same with subsequent tables
BB $EANFS WIS M A% AN wre S
ARk EARA T At AREY A Aot
Hlsle] AR » Iglshl E7AA &7 SfE . .
Al AR vlas sdsht FAAE. AL TS Table 2. Seasonal crown density of study species for three years
2 A AL SEY) BaA7E 7|45 7)eA 7 S0 Al from 2018 to 2020
A MulaE FAsket AAAHCE f8atA 81 9l

1 7

= Wi4o|c(Nowak, 1994: Jo and cho, 1998: Jenkins ef /. Crovin density (%)

2003: Zianis ef al, 2005: Jo and Ahn, 2006: 2012: Nowak et
al, 2008: Jo et al, 2013: 2014: 2019c: 2019d: KFRI, 2014).
ol & AT G 7] FEEL 44 Agudel SYu

2 243t 4T AYRDS £FF o|Fo:, o]o] 2
el 7 459 QR A FADEE R+
F7 1 5E Mass

AFhd TEE ﬂ%mf_m A 2] Th2 ol e
XS Jlom, 75 FaAAL “EVE 260cm, TEUT
21 4cm, AW 185cm, U 255cm, 23U 24.2cm, Bkt
- 335cm, AU 17.3cm SeltH Table 1 3%), &, o1& A
9] frelep|Bs A8 7Pk FEEelSith A
A B AR e E 77 “EVY 67.3~%5.6%, B
T 604~804%, 22U T4.0~T75.7%, SRV 56.6~76.5%, =
U 50.7~91.9%, S0 92.2~ 95.4%, AU 91.3~92.3%
59| W92 (Table 2 iLX) TEHLE FEY AT
6~8Y o5 7P w2 Aol ok&d, AEFE A
LHLH FHLAET} XY, GHAFE ALl I FALET} o

& oHl <F 20~40% Tadhs AoE BAEU

34 #2x7sEIR| H| 499 45 (2021 82)

Species
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Acer palmatum | 721411 79.3t1.2 80.410.6 60.4£2.6
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2. TEY Tl PTAEHIE

2018\ 3% H 39 Fet F 3380 AA $EAHFE AS

o o;q =3 DL)\] -?‘EJ:% H| &3 7|A 8

1,8~JJEH 30.9mm/hri/\1 ARl %

skolQltt =

A,

R R
368+1.1%, A 341£1.0%, _EMT 3104



CA|RBL0| 4R sufot AFDH Journal of the Korean Institute of Landscape Architecture 206

Table 3. Changes in air temperature, humidity, rainfall, and &4 39 FF -8 ES Z42F AUE 3658+1.1%.
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09 11 224 940 572 27 66 Species Spring Summer Autumn Wmter Mean
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0L 08| 52 915 190 19 37 -
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Figure 8. Changes in annual rainfall interception per tree by crown growth of study species
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Table 5. Regression models to quantify annual rainfall interception per tree of study species

Species Regression model” 7 J2) N Range*k

InY= —34548+1.5267 InDBH 0.9350 DBH 10.0-59.8

Abies holophylla <0.0001 234
InY= —1.1541+1.8984 InCW 0.9524 CW 16-73
InY= —3.8542+1.4769 InDBH 0.9003 DBH 10.0-45.3

Acer palmatum <0.0001 603
InY= —2.0157+1.9777 InCW 0.9739 CW 22-70
InY= —4.1479+1.7237 InDBH 0.9243 DBH 10.0-68.0

Ginkgo biloba <€0.0001 269
InY= —15127+1.9632 InCW 0.9772 CW 15-76
InY= —5.105+1.9461 InDBH 0.9247 DBH 10.0-54.3

Pinus densiflora <0.0001 492
InY= —1.6367+1.9852 InCW 09711 CW 17-78
InY= —3.472+1.6281 InDBH 0.9157 DBH 10.0-54.5

Pinus koralensis <0.0001 513
InY= —1.0959+1.9457 InCW 0.9646 CW 18-75
InY= —39227+1.5249 InDBH 0.9298 DBH 10.0-90.0

Prunus yedoensis <0.0001 313
InY= —2108+1.9814 InCW 0.9857 CW 2.1-128
InY= —24985+1.3769 InDBH 0.9007 DBH 10.0-98.9

Zelkova serrata <0.0001 727
InY= —1.3614+1.9926 InCW 0.9888 CW 2.0-15.0

" Y: Rainfall interception (m*/tree/yr).
" DBH: cm, CW (Crown width): m.
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Table 6. Rainfall interception per tree by DBH growth of study
species (m*/tree/yr)

Species DBH (cm)

10 20 30 40 50

Abies holophylla 11 31 57 8.8 124
Acer palmatum 06 18 32 49 6.8
Ginkgo biloba 08 23 56 9.1 134
FPinus densiflora 05 2.1 45 8.0 123
Pinus koralensis 13 41 79 12.6 18.1
Prunus yedoensis 0.7 19 35 55 77
Zelkova serrata 2.0 5.1 89 132 18.0

Table 7. Rainfall interception per tree by crown growth of Study
species (m*/tree/yr)

Crown width (m)

Species
2 4 6 8 10
Abies holophylla 12 44 95 16.3 -
Acer palmatum 0.5 2.1 46 8.1 -
Ginkgo biloba 09 33 74 131 -
Pinus densiflora 03 29 6.5 114 -
Finus koraiensis 13 50 109 191 -
Prunus yedoensis 0.5 19 42 75 11.6
Zelkova serrata 1.0 41 9.1 16.2 252
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