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ABSTRACT

This study investigated the feasibility of wintering evergreen broad-leaf trees in the Incheon coastal area through a
climate analysis. The coldest monthly mean air temperature ranged from —2.9°C ~ —1.6C. The warmth index of the coastal
area of Incheon ranged from 98.89C -month-109.03 C -month, while the minimum air temperature year ranged from —13.9TC
~ —3.6C. This proved that the Incheon coastal area was not suitable for evergreen broad-leaf trees to grow as the warmth
index ranges from 101.0°C -month~117.0°C ‘month, and the temperature year-round is —9.2°C or higher. This suggests
the coastal areas of Incheon is not suitable for the growth of evergreen broad-leaf trees, however some evergreen broad-leaf
trees lived in some parts of the area.

Wind speed reduction and temperature effect simulations were done using Landschaftsanalyse mit GIS program. As
a result of the simulations of wind speed reduction and temperature effects affecting the evergreen broad-leaf trees, it was
discovered that a coastal wind velocity of 8.6m/sec was alleviated to be Sm/sec ~7m/sec when the wind reached the areas
where evergreen broad-leaf trees were present. It was also discovered that species that grew in contact with buildings benefited
from a temperature increase of 1.1°C ~3.4C due to the radiant heat released by the building.

Simulation results show that the weather factors affecting the winter growth damages of evergreen broad-leaved trees
were wind speed reduction and local warming due to buildings. The wind speed reduction by shielding and local warming
effects by buildings have enabled the wintering of evergreen broad-leaved trees. Also, evergreen broad-leaved trees growing
in the coastal area of Incheon could be judged to be gradually adapting to low temperatures in winter.

This study reached the conclusion that the blockage of wind, and the proximity of buildings, are required for successfully

wintering evergreen broad-leaf trees in the coastal area of Incheon.
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Table 1. Criteria for frost damage of evergreen broad-leaved trees

Division Evaluation standard Evaluation index
Leaf Leaves fip dr (0)No damage, (1)Minor damage: dry 5%~10%,

Rate of | s RE(X11)" in the colpc)i wi]n d (2)Moderate damage: dry 10%~30%, (3)Severe damage: dry 30%~50%,

damaged | © (4)Serious damage: dry 50%~100%

leaves Foliar necrosis | Degeneration of (0)No damage, (1)Minor damage: leaf area 5% ~10%,

(X1) (X12)° Lejf Surface Cuticle Laver (2)Moderate damage: leaf area 10%~30%, (3)Severe damage: leaf area 30%~50%,

v (4)Serious damage: leaf area 50%~100%

(0)Minor damage: 20%°13}, (1)Moderate damage: 21%~40%,

Defoliation ratio(X2)" Degree of deciduous leaves | (2)Severe damage: 41%~60%, (3)Serious damage: 61%~80%, (4) Nearly wither: 81%~
1

00%

Melting of leaf tissue

Leaf laxity(X6)" (0)No damage, (1)Damage

in cold wind
Condition of . ) .
X . Frost damage of twigs (0)No damage, (2)Minor damage(1/4), (3)Moderate damage(2/4), (4)Serious damage(~4/4)
little branches(X3)
Condition of crown(X4)” Changing type of tree (0)Natural type of tree, (1)Minor damage, (2)Moderate damage,
by frost damage (3)Severe damage, (4)Nearly wither
Check health

Vitality of tree(X5)" (0)Hearty growth, (2)Moderate healthy, (3) Weak, (4)Nearly wither

by visual judgment

Investigation for damage of air pollution(National Institute of Environmental Research, 1988: Lee ef a/,1991) application
" Investigation for frost damage of Evergreen broad-leaved trees(Lee and Kim, 2017) application

Table 2. Incheon meteorological weather data of 2018. 1. 26.(coldest time)

‘ Direntiop of | Wind Temperature ‘ Directiop of | Wind Temperature . Directiop of |  Wind Temperature
Time thg mpd speed (C) Time thg \mgd speed () Time thg er}d speed (C)
(16direction) | (m/sec) (16direction) | (m/sec) (16direction) | (m/sec)

02:00 AM 360 75 —149 05:00 AM 340 86 —162 08:00 AM 360 76 -171
03:00 AM 360 78 —-153 06:00 AM 360 59 —165 09:00 AM 360 72 168
04:00 AM 360 76 158 07:00 AM 360 81 —169 10:00 AM 360 6.5 -162
Data : http://stskma.gokr
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Table 3. 20-year average climate of Incheon coastal area(1997~2017)

Location Average temperature | Average temperature | Yearly minimum Warmth Coldness relzinnitﬁlion
for the year(TC) for January(C) temperature( C) index (WI) index(CI) P (rflm)
Gongchon-dong 125 -25 —54 108.13 —1764 1,357.9
Yeongjong-do 11.7 -29 —52 98.89 —19.03 12711
Incheon
Songdo 12.3 -16 -36 103.60 —1591 1,220.1
Namdong complex 127 -17 —44 108.46 —1598 1,230.3
Siheung Get-Gol AWS 12.7 =20 —139 109.03 —16.10 1,186.6

Data : http://stskma.gokr
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Figure 3. Yearly minimum temperature distribution in Incheon for
114 years
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2 =W Camellia japonica), %7}

NI (lex cornuta), Y- Ligustrum japonicum) 2 % 635

Z e 2 2 i 2
No.|  Species of trees | Number o?izetaarsﬁe Locatation
1| Camellia japonica 1 8,000m | Munhag Highschool
2 | Camellia japonica 1 8,000m | Munhag Highschool
3 | Ligustrum japonicum | 500 800m | Chukhang-daero
4 | Ligustrum japonicum 30 100m | Sunwood timber
5 | Ligustrum japonicum 50 200m | Wolmi Park outskirts
6 | lex cornuta 7 200m | Wolmi Park open space
7| Camellia japonica 9 200m | Maritime High school
8 | lex cornuta 8 540m | Wolmi Park open space
9 | Camellia japonica 15 1,500m | Incheon tower-daero
10| Camellia japonica 14 1,000m | Nursery of Susan-dong
Total 635

Figure 4. Distribution of evergreen broad-leaf tree
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Table 4. Evergreen broad-leaf tree growth space characteristics and frost damage
: : Frost damage
Species of Num-| NW | P8 | cpoact- | Bright | Planting _ |Pistance Characteristic
No. trees ber | Obstacle from eristic sunshine style Paving | from. | Code of code iati
obstacle v coast 20172. | 20182. | Variation
|| Gmela | g | 1 | Surounded | Sunny ) Planting of [ g g More than 2km | g9, | 129 | +4%
Japonica by buildings| place |independence from coast
A
Camellia o Surrounded | Sunny | Planting of , (Surrounded 0 0
e + 0,
2 ‘ponica 1 | Building 1m by buldings| place |independence Con'c | 8,000m by buildings) 8% 16% 8%
. | Ligustrum ) Sunny | Community Wind paths within Y Y
+. 0,
3 ponicun 500 | Open 50m Wind way Place planting Asphalt | 800m | D 1 ki of the const 2% | 64% 40%
g | LBurum) |  ing | apm | Surounded | Sunny ) Community | gg g | Open space within || g | e,
Japonicum by buildings| place planting 1 km of the coast
5 | LEUum) o | g | gy | Surounded | Sunny ) Community | g g | Forestwithin g e
Japonicum by forest place planting 1 km of the coast
llex Sunny | Planting of Open space within Y Y
- - + 0,
6 cornuta 7 Open place  |independence Lawn | 200m | E 1 km of the coast 16% 64% 8%
Camellia o Surrounded | Sunny | Planting of Buliding within 0 Y
+. 0,
7 Japonica 9| Building 2m by buildings| place |independence Asphalt | 200m | B 1 km of the coast 8% 8% 0%
llex Surrounded | Sunny | Community Forest within 0 Y
£ +89
8 cornuta 8 Forest 2m by wall place planting Lawn | 540m | C 1 km of the coast 4% 12% 8%
Camellia Sunny | Planting of Open space within Y Y
- + 0,
9 ponica 15 Open Open place |independence Lawn | 1,500m | F 1~%km of coast 12% 56% 4%
Camellia Sunny | Planting of . Open space within Y 0
- +! 0,
10 poniica 14 Open Open dlace  [independence Soil | 1,000m | G 1~2km of ooast 50% | 100% 50%
Derive a factor | Wind | Wind | Wind | 0P - T g
ature ature

Table 5. Evergreen broad-leaf tree frost damage and wind speed of growth space

Distance Frost damage Wind speed(rating)
No. Species of trees NW NW from Distance from Code Coastal Arrival
: obstacle obstacle coast iati as v
obstacle 20172. | 2018.2. | Variation wind speed wind speed
| | Camellia fponica | Building Im Sur;i‘ﬁgﬁf;s 5 g 000m 8% | 12% +4% 9 5
A
9 | Camellia jponica | Building 1m SHEZ‘SZ?ES 5 g 000m 8% | 16% | +8% 9 5
7 | Camelia fiponica | Buiding | 2m Suré‘;‘ﬁgf;’; R B | 8% | 4% | 0% 9 7
9 Camellia japonica Open - Undeveloped 1,500m F 12% 56% +44% 9 9
10 Camellia japonica Open - Undeveloped 1,000m G 50% 100% +50% 9 9
3 | Ligustrum japonicum|  Open 50m Wind paths 800m D 24% 64% +40% 9 8
4 | Ligustrum japonicum| Buiding | 35m Suﬁg?f; R E % | 9% | +68% 9 7
5 | Ligustrum japonicum|  Forest Im S“rmf‘;?::td 5 o00m C | 2% | 6% | +18% 9 7
6 Jlex cornuta Open - - 200m E 16% 64% +48% 9 7
8 llex comuta Forest om Surro‘ﬁfd RIE™ C 4% | 12% +8% 9 6
(6.1m/sec~7.0m/sec) ol T E 48%, No97} 95-5(8 lm/sec~ ol AR H = AZEHE RS A 4 itk
9.0m/sec) ol T3 = 56%, No100] 95-3(8.1m/sec~9.0m/sec) AU s w7 82 PR A 9o

3 e
ol Tl = 100%°194 ). &, EgFEel Al wet sy Zh mEH g, Fad5Ed 3om golzl F7keldt
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Figure 5. Correlation between wind speed and frost damage
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Table 6. Evergreen broad-leaf tree temperature effect prediction of Incheon coastal area

No. Species of trees Dlsf&lcgingom ter?llgte(jz?;e Buf:giiﬁimn te?nségitjre Cifn}:})learrilsreess Possible damage
1 Camellia japonica Im -171TC 1.1C~34T -137C~-16T —18T Wintering Possible
2 | Camellia japonica Im —-171T 11T~347T —137C~-16C -18C Wintering Possible
9 | Camellia japonica - -171TC - -171TC —18T Critical Temperature
10 | Camellia japonica - -171TC - -171TC —18T Critical Temperature
8 | Jex comuta - -171TC - -171TC —18T Critical Temperature
6 | Jex comuta - -171TC - -171TC —18T Critical Temperature
3 | Ligustrum jponicum - -171T - -171T -13T Frost Damage
4 | Ligustrum jponicum 35m -171TC - -171TC -13T Frost Damage
5 | Ligustrum japonicum - -171TC - -171TC -13T Frost Damage
Table 7. Cold hardiness of evergreen broad-leaf tree(C) 2894 A7) o]& AL §AF| wpg), 2] AL
. H71% E40] AAAY AR Q) AFBAS A s 5RO
Species of trees Leat winter Branch Collection | Distribution =2 EHFHEH oF 3l= Ao 9}\9}@ ) ]
bud AR S £YE ASBAGT ALE oW v
Ligustrum jponicuny —130 | ~130 | 150 Iia;ehf%“;a T(_;ﬁ;eis;o %‘ﬂ"ﬂ 91'5“_’4 el 7 }h?}x]% Bt A Hetst] 4
P 4895 AAA 840 712, vy, Zua, Eo
Jex cormuta ~100| 80 | —80 (%?Zﬁj West Kansai 32 AZ5 7 BAS= A2 7} A4wojof 8 Aot
Camelia japonica | 130 | 130 | 130 (;ﬁ;) f»iﬁﬁsﬁi References
Natsu haku South
Camellia japonica ~180 | ~180 | ~180 | pe ?m,sfﬂa Natsg halu 1. Bruse, M. and H. Fleer(1998) Simulating surface -plant-air interactions
(RAR) | peninsula inside urban environments with a three dimensional numerical model.
Source : Cold tolerance and cold adaptation of plants : physiology and ecology Environmental Software and Modelling 13: 373 - 384.

of winter(Sakai, 1982)
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Appendix : Wind speed simulation of evergreen broad-leaf tree growth area
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Site Part Wind on the coast Space of planting Simulration
Wind direction N(360-16diections) N(20-16diections)
Average
12 | wind speed(m/s) 56 2
Maximum
wind speed(m/s) 86 49
Wind direction N(360-16diections) N(360-16diections)
Average
3 wind speed(m/s) 56 38
Maximum
wind speed(m/s) 86 74
Wind direction N(360-16diections) N(360-16diections)
Average
4 wind speed(m/s) 56 36
Maximum
wind speed(m/s) 86 68
Wind direction N(360-16diections) N(360-16diections)
Average -
5 wind speed(m/s) 56 3l
Maximum
wind speed(m/s) 86 61
Wind direction N(360-16diections) N(360-16diections)
Average
6 wind speed(m/s) o6 35
Maximum
wind speed(m/s) 86 68
Wind direction N(360-16diections) N(360-16diections)
Average
7 wind speed(m/s) 56 44
Maximum
wind speed(m/s) 86 65
Wind direction N(360-16diections) N(360-16diections)
Average
3 wind speed(m/s) 56 53
Maximum
wind speed(m/s) 86 3
Wind direction N(360-16diections) N(360-16diections)
Average
9 wind speed(m/s) 56 56
Maximum
wind speed(m/s) 86 85
Wind direction N(360-16diections) N(360-16diections)
Average =
10 wind speed(m/s) 56 56
Maximum
wind speed(m/s) 86 85
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