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% Southwestern Reglon
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- Community Forest Management Plan 7] FY ¥ 2+& g AE
- Tree planting Y41 7]

- Tree Maintenance <+ ¥¢]

Education Programming .S Z & 717
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3. National Urban and Community Forestry Advisory Council(Z=A]
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O A& 2ao st H7}
O Z=A9F A9 g =2 a4 #3 7| 8 2 A3 A=
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Urban Forests
Save Us Money

$6.8 Million

Using the iTree software, the city of Minneapolis calculated that not only had they
saved approximately $4.8 milllon in energy expenditure by planting trees, but they
had also increased property values by $7.1 million (City Of Minneapolis, Minnesota
Municipal Tree Resource Analysis).

i-Tree

By understanding the local.
tangible ecosystem services that
trees provide, -Tree users can

link urban forest managemant
activities with envirconmental
guality and community livability
[USDA Forest Service]

22.8 Million Tons/Year

Based on the field data of 10 USA cities and a national urban tree cowver data, it is
estimated that urban trees in the contiguous USA currently store 708 million tons
of carbon (tC) ($14,300 million value) with a gross carbon sequestration rate of 22.8
million tCyear ($460/million per year) (Nowak et al. ,2002).

s2.4 Trillion

MNationally, urban forests in the United States are estimated to contain
about 3.8 billion trees, with an estimated structural asset value of $2.4
trillion (Nowalk et al,, 2002~

“"Mote: Structural asset value is based, in E:art, on extrapolations of

estimated replacement costs of trees of same size, condition, species,
and Iocatlon.p

Investment Return:
£1.37 -s3.09

A study on the value of street and park trees in five LS. cities found
that for every dollar invested in urban tree management resulted in
benefits valued between $1.37 to £3.09 annually (McPherson, et al.,
2005).
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B Z] I-Tree & ¥ (Seoul Urban Forest Analysis)

With 92% of the total population of Korea currently living in urban areas,
Seoul 1s the highly populated city where 1996 of total populations live in the
city areas of 60bkm’. Korea has geographically many forest stands which take
up 62.82%(63,059km) of total land(100,377kr). Even though the number of
mountain 1s quite large, the forested land within urban area is low and
mostly concentrated in suburban areas. The urban forest where urban people
easily can have an access to green space and benefits on daily lives without
additional time and efforts only accounts for 5.35m’ individual in Seoul. That
is, a far lower figure compared to recommendation by the WHO (World
Health Organization) asking for the availability of minimum of 9m’ per

person.

In general, the impact and value of urban forest is most likely the greatest
in city like Seoul with large populations due to the large number of people
who get the benefits derived from trees. While the urban forest in Seoul
contributes to local, environmental quality and human well-being, it has been
degraded from many natural and social factors such as; insects, disease,
climate change, inadequate tree care and management, growing requests for
development. The limited research carried on quantifying forest structure,
environmental effects, monetary values on urban trees. Little studies were
investigated on how the regional urban tree cover has changed through time

as benefits from trees are directly and indirectly related to tree cover.

With these backgrounds, two analyses were conducted for Seoul; 1) i-Tree
Eco based on field plot data 2) tree canopy assessment tools based on photo
interpretation with high resolution aerial i1mage. Two method applied
developed by the U.S. Forest Service, Northern Research Station to explore
urban forest structure, its accompanying values and tree cover changes.
Results from this study provide the overview of urban forest in Seoul and
show the rates and direction of local tree cover change. The aim of this

research help understand on local forest condition and benefits so citizen can
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increase the awareness of the value of tree resources and the forest mangers

use baseline data for the sustainable urban forest management plan.

Executive Summary

Urban forest within Seoul institutes a diverse of population of about
18,650,000 trees that contain 128 diverse species and have an estimated tree
cover of 31.196. While the trees provide a variety of ecosystem services and
environmental benefits, the quantity and monetary value are unrecognized.
The I-Tree Eco model and tree canopy assessment developed by USDA
Forest Service was implemented to quantify these ecosystem benefits based
on the composition and structure and see the change on Seoul's urban forest

through time. The main annual benefits for this study show :

e absorption of air pollutants
e (Carbon sequestration of carbon dioxide

e reduction in stormwater runoff and required infrastructure

Those three benefits above were estimated at 256.4 billion won annually which
corresponds to an average of 10,505 won per tree, 20,057 won per capita. In
terms of fixed asset values throughout the year, the amount of the carbon
stored is at 2.284 million tons(518 billion won), structural value which represents

total replacement value of the urban tree is valued at 9.53 trillion won.

In this report, all plot and points were laid randomly within Seoul boundary
regardless of the definition of the urban forest regulated by Korea Forest
Resources Act. The plot data and tree canopy assessment points includes
national forest park, street trees, park area and even single tree. Also, most
all of the wvalues of urban forest have been conducted. Building energy
savings and avoided air pollutant emissions from shading and heating are
invalid since the plot data do not include the building information. Lastly, the
benefit values for the social cost of carbon and avoided runoff are based on

U.S. documentation due to the lack of data availability on korean value.
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1. Summary of I-Tree Results

Understanding an urban forest’s structure, function and value can promote
management decisions that will improve human health and environmental
quality. An assessment of the vegetation structure, function, and value of the
Seoul urban forest was conducted during 2010. Data from 199 field plots
located throughout Seoul were analyzed wusing the 1-Tree Eco model

developed by the U.S. Forest Service, Northern Research Station.

1-Tree Eco 1s designed to use standardized field data from randomly
located plots and local hourly air pollution and meteorological data to

quantify urban forest structure and its numerous effects (Nowak and Crane
2000).

e Number of trees: 18,650,000

e Tree Cover: 31.1 %

e Most common species of trees: Quercus mongolica, Pinus densiflora,
Robinia pseudoacacia

* Percentage of trees less than 6”7 (15.2 cm) diameter: 48.8 %

e Pollution Removal: 1.805 thousand tons/year (225 billion won/year)

e Carbon Storage: 2.284 million tons(518 billion won)

* Carbon Sequestration: 106.7 thousand tons (24.2 billion won/year)

* Oxygen Production: 241 thousand tons/year

* Avoided Runoff: 2.499 million cubic meters/year (7.2 billion won/year)

e Structural values: 9.53 trillion won
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1.1 Plot data

199 plot field data was collected from June-August 2010 which 1s
leaf-on season. Each plot size 1s 11.3 meters radius covering 0.04ha. The
general information includes on actual land use, percent of tree/shrub cover,
plantable space, and ground cover. Main data on shrubs shows the
identification of species, average height, and missing leaves. Main data on
trees collected at individual level includes species, diameter at breast
height(DBH), total height of tree, top/base height, width of crown, percent of
canopy missing, percent of shrubs underneath each trees canopy, light
exposure to crown. For Seoul plot data, 49 of 199 plots(20%) have found to

be no tree/shrub at sites.

ID Description Area(ha) # of Plot
60,520 99

1 Commercial/Transportation 13,077.19 43

2 Institutional 9,123.62 30

3 Residential/Multi Family 13,989.55 46

4 Vacant/Agriculture 9,731.86 32

5 Water 2,7137.08 9

6 Park/Cemetery 11,860.70 39

Table 14. The number of plots and areas by stratum

1.2 Tree Characteristic of Seoul Urban forest

Tree diversity 1s an important element of urban tree population as
diversity increases overall resilience. Tree species richness is better able to
deal with possible changes in climates and the possible outbreak of disease.

Seoul urban forest has tree cover with 31.1% and 128 species diversity.
Species diversity in urban forest is typically greater than native stands since
urban forest 1s containing the native and non—native tree species. It can also

pose a risk to native plants if some of the exotic species are invasive plants
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that can potentially out-compete and displace native species. Most common
three species of trees are Quercus mongolica(10.8%), Pinus densiflora(10.6%),
Robinia pseudoacacia(8.7%) (figure 1). The 10 common species account for
54.3 percent of all trees. The overall tree density in Seoul 1s 308

trees/hectare.

Robinia pseudoacacis [8.7%)

Quarcus acutissima (6.5%) Pinus densiflora (10.6%)

Acer palmatum [4.1%)

Castanes cransts (4.0%)
Quercus mongolica [10.8%%)
Sorbus alnifolia [2.7%)

Phyllostachys [2.45)
Mzgnoliopsida [2.2%)

Quercus serrata [2.1%)

Other [45.73)

Figure 32 . Tree species composition in Seoul

For stratified projects, the highest tree densities in Seoul occur in
Park/Cemetery(690.6 trees/ha), followed by Vacant/Agriculture(557.5 trees/ha)
and Residential/Multi family(224 trees/ha), Institutional(105.5 tree/ha),
Commercial/Transportation(71.3 trees/ha). Taking average on study area is
308.1 trees/ ha.
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Figure 33. Number of trees/ha in Seoul by stratum

Seoul’'s urban forest is a mix of naive tree species and exotic species
that were planted by people or other means. Urban forests often have greater
tree species diversity because of the large impact of species imported from
outside the region and the country. About 83 percent of the trees are species
native to Asia. Most trees have an origin from North America (11 percent of
the trees). Diversity of tree origins occurs in Comm./Trans, Asia 76.2%,
North America 13.1, Europe&Asiat+ 9.8%, Unknown 0.8%.

100 -
80 -
T 60 -
a
a
T 40 A
20 4
0- - T T T T
D o . 2 x x
e & & e & ® &P
& = Y & \s &
o QS 2 W &
& & < o
B 5 & \:P“-

Origin

Figure 3. Percent of live tree population by area of native origin

(The plus sign (+) indicates the tree species is native to another continent other than the ones
listed in the grouping)
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Tree size 1s an important characteristic of the urban forest structure.
Diameter at breast height(DBH) is important factor in managing sustainable
tree population, as it will ensure there are enough young trees to replace
older species that are in bad condition. Also, trees with well managed and
large tree significantly contribute to the ecosystem services provided by the
urban forest because leaf area has a strong relation with environmental

benefits.

Trees with less than 15.2cm take up 48.8% and greater than 15.2cm
constitute 51.2%(figure 4). The common DBH class for trees measured is
range between 15.2-30.5cm category 38.9%. This represents that median size
trees with good condition can be replaced as the bigger trees grow old and

die when managed well.

40 -
30 4

20 -

Fercent

D2H Class (cm)

Figure 4. Percent of tree population by diameter class

(The lower limit of each diameter class is greater than displayed, eg) 7.6-152 is actually

7.61-15.2cm)

The most dominant three species(Quercus mongolica, Pinus densiflora,
Robinia pseudoacacia) in Seoul are mostly within DBH 15.2-30.5cm range.
No species besides Castanea crenata, Paulownia coreana, Quercus acutissima

1s greater than DBH 76.2cm with trees species and each characteristic. For
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more information about the DBH distribution by each species, see Appendix
1.

Many tree benefits are linked to the leaf area, the greater the leaf area, the
greater benefit. Tree benefits equate directly to the amount of healthy leaf
surface area of the plant. Trees cover about 31 percent Seoul and provide
899.3 thousand square kilometers of leaf area. As each stratum has different
land use type, Leaf Area varies based on the number of trees. Total leaf
area is greatest in Park/Cemetary 428km'(47.7%) and Vacant/Agriculture 205kn’
(22.8%), Residential/Multi 137kr(15.3%), Comm./Treans 76km(8.5%), Institutional 52
ki'(5.8%6)

Stratum

Figure 36. Leaf area by stratum

Importance values show the dominance of a tree species in the urban
forest. The 10 species with the greatest importance values are listed 1n
Table 2. Importance values (IV) are calculated as the sum of percent
population and percent leaf area. High importance values do not mean that
these trees should necessarily be encouraged in the future; rather these

species currently dominate the urban forest structure. The three species in
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the urban forset with greatest IVs are Quercus mongolica, Pinus densiflora,

Robinia pseudoacacia

Species Name Population(%) Leaf Area(%) IV(Ir{}gchréc?nce
Quercus  mongolica 10.80 11.20 22.00
Pinus densiflora 10.60 10.20 20.90
Robinia pseudoacacia 8.70 11.10 19.90
Quercus acutissima 6.60 5.80 12.40
Castanea crenata 4.00 4.90 8.90
Acer palmatum 4.10 2.80 6.90
Ginkgo biloba 1.90 4.60 6.50
Sorbus alnifolia 2.70 2.70 5.30

Table 15. Importance Value(IV) by 10 popular species

1.3 Benefits and Values

Pollution removal

Pollution removal by trees in Seoul was estimated in conjunction with
composition and structure, hourly pollution and weather data for the year
2018. Pollution removal was greatest for O3 (810 tons/year), followed by
NO2 (684 tons/year), SO2(180 tons/year) PM25(68 tons/year), CO(63
tons/year). By contrast, the value associated with pollution removal was
greatest for PM25(W161 billion) followed by O3(55 billion), NO2(W7
billion), SO2(#671 million), CO(W114 million). It is estimated that tree and
shrubs remove 1.805 thousand tons of air pollution with an associated value
of ¥224 billion.

Carbon Storage and Sequestration
Climate change i1s an issue of global concern which has a range of

potential ecological, physical and health impact. Urban trees can help mitigate

climate change by sequestering atmospheric carbon (from carbon dioxide) in
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Figure 37. Annual pollution removal(points) and value(bars) by urban trees
tissue and by altering energy use in buildings, and consequently altering

carbon dioxide emissions from fossil-fuel based power sources (Abdollahi et
al 2000).

As a tree grows, it stores more carbon by holding it in its accumulated
tissue. As a tree dies and decays, it releases much of the stored carbon back
into the atmosphere. Thus, carbon storage 1s an indication of the amount of
carbon that can be released if trees are allowed to die and decompose.
Maintaining healthy trees will keep the carbon stored in trees, but tree
maintenance can contribute to carbon emissions (Nowak et al 2002c). When a
tree dies, using the wood in long-term wood products, to heat buildings, or
to produce energy will help reduce carbon emissions from wood
decomposition or from fossilfuel or wood-based power plants. Trees in Seoul

are estimated to store 2.2 million tons of carbon valued at ¥518 billion.

In addition to carbon storage, tree reduces the amount of carbon in the
atmosphere by sequestering carbon in new growth every year. The amount
of carbon annually sequestered is increased with the size and health of the
trees. The gross sequestration of Seoul trees is about 106.7 thousand tons of
carbon per year(391.4 thousand tons per year of CO2) with an associated
value of ¥24.2 billion. Net carbon sequestration in the urban forest is about
90.38 thousand tons per year(331.4 thousand tons per year of CO2). It is
estimated by subtracting estimated the amount of carbon loss by tree

mortality and decomposition from gross sequestration.

- 120 -



value (billions w)

Storage (thousand metric ton)

)
]
1

450 - ~ 100
A00 - - 20
350 [~ 80
200 - -2

L 60
250

L 50
200 -

L a0
150

|- 20
100 L s

L 10

o - 0
0 I

ral & o8
= ) (& aln S N el e LY
Gc?a ) ‘5@‘7 b—db %\4‘ ‘2'(_9 Q‘Q o of >
& P = R s &5 Rk o5 - 37
< & ~ < > &
& F & & & & ¢
2 P oS a® “ < o 3F <&
oy Q7
oY)
Species

Figure 38. 10 greatest species for carbon storage(points) and value(bars)
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Figure 39. 10 greatest species for gross carbon sequestration(points) and

value(bars)

Of all the species sampled, Quercus mongolica stores the most carbon(19.3
percent of total carbon stored valued at ¥99.8 million), sequestered the most

carbon(19 percent of carbon sequestered valued at ¥4.6 million/yr)
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Oxygen Production

Oxygen production i1s one of the most commonly cited benefits of urban
trees. The net annual oxygen production of a tree is directly related to the
amount of carbon sequestered by the tree, which is tied to the accumulation

of tree biomass.

Trees in Seoul are estimated to produce 241 thousand metric tons of
oxygen per year. However, this tree benefit is relatively insignificant because
of the large and relatively stable amount of oxygen in the atmosphere and
extensive production by aquatic systems. Our atmosphere has an enormous
reserve of oxygen(approximately 21% of the atmosphere’s volume) and algae
are estimated replace about 90% of all oxygen used. Thus, although trees do
produce significant amounts of oxygen, it 1S not a significant ecological
benefit (Nowak et al. 2007b).

Species Oxygen Sequlfgsatrrz(t)ign Number of Leaf Area
(th(thl)Jsﬁnd (thousand metric Trees (k)
ton/yr)
Quercus mongolica 45.15 16.93 2,022,987 100.53
Quercus acutissima 28.34 10.63 1,232,668 52.15
Robinia pseudoacacia 26.23 9.84 1,631,258 100.01
Castanea crenata 19.20 7.20 743,957 44.38
Pinus densiflora 11.08 4.15 1,980,358 92.05
Ginkgo biloba 11.01 413 354,548 41.14
Sorbus alnifolia 10.34 3.88 495,971 24.07
Zelkova serrata 6.93 2.60 368,929 27.80
Acer palmatum 6.21 2.33 768,410 25.19
Quercus dentata 6.04 2.26 300,589 14.88

Table 16. The top 10 oxvgen production species
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Avoided Runoff

Surface runoff can be a cause for concern in many urban areas as it can
contribute pollution to streams, wetlands, rivers, lakes, and oceans. During
precipitation events, some portion of the precipitation 1s intercepted by
vegetation (trees and shrubs) while the other portion reaches the ground. The
portion of the precipitation that reaches the ground and does not infiltrate into
the soil becomes surface runoff (Hirabayashi 2012). In urban areas, the large

extent of impervious surfaces increases the amount of surface runoff.

Urban trees and shrubs, however, are beneficial in reducing surface runoff.
Trees and shrubs intercept precipitation, while their root systems promote
infiltration and storage in the soil. The trees and shrubs of Seoul help to
reduce runoff by an estimated 2.5 million cubic meters a year with an
associated value of WW7.1 billion per year. Tree species with the greatest
overall impact on runoff are Quercus mongolica, Robinia pseudoacacia, Pinus

densiflora.
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Figure 40. The top 10 species avoided runoff(points) and value(bars)
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Structural and Functional Values

The city’s forest has a structural value based on the tree themselves that
includes compensatory value and carbon storage value. The compensatory
value is an estimate of the value of tree as a structural asset(e.g., the cost
of having to replace a tree with a similar tree). The structural value is about
W9.53 trillion

e Structural value : ¥9.53 trillion
e (Carbon storage : ¥518 billion
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Figure 41. Tree species with the greatest structural value

Forest have functional values (either positive or negative) based on the
functions the trees perform annually including carbon sequestration, avoided
runoff, pollution removal. There are many other functional values of
forest(e.g., reducing on energy consumption, aesthetic) but in this report only
represents the functional value which could be calculated with the given field
data set. Through proper management, urban forest value can be increased,
however, the values and benefits also can decrease as the amount of healthy
tree cover declines. There are also various monetary costs associated with
urban forest management, such as pruning, inspection, removal, and disposal,
which are not accounted for in this assessment,

e (Carbon sequestration : ¥?24.2 billion
* Avoided runoff : ¥7.12 billion
e Pollution removal : ¥225 billion
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Summary of Tree canopy assessment

In many cities, the rate and changes in tree canopy and impervious cover
are largely unknown. Tree canopy assessment is a simple method to assess
the magnitude of the overall urban forest and how it is changing. Monitoring
of tree cover changes helps make the policy in sustaining the desire level of

tree cover for the city.

Analyzing the paired digital aerial images 1s the ideal way when the site
visit accessibility and the time are limited. It i1s simple and repeatable
measure where paired digital aerial imagery exists. The tool was used to
assess the tree cover change through the vear difference based on sampling

point of land cover(Nowak and Greenfield, 2012).

In this report, 2010, 2018 digital aerial images were used to monitor how
the urban tree cover and its accompanying environmental benefit would
change during 8 years. There is no statistically significant change on tree
cover but still declined 1.0 percent which is equivalent to about 0.12 percent
per year while impervious cover increased 1.2 percent at the rate of 0.15

percent annually replacing city’s other cover type.

This trend is likely because continuous development pressure on grey
infrastructure and buildings causing the loss of tree cover and increased
impervious cover. Given the Seoul area 60,520ha and the average of tree
numbers per unit(ha) is roughly 308 trees/ha(data from i-Tree Eco), tree
cover lost approximately 76ha which equates to net loss of trees about 23,292
annually. The result of tree canopy assessment also can be analyzed with
the I-Tree Eco data to understand urban forest composition, tree size

distribution and environmental benefits.
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2. 1-TreeCanopyAssessment

In this study, 1,000 random points were laid on Google Earth Pro
considering available time. Standard error can be reduced when more random
points are generated. After photo-interpretation, tree change calculator 1is
used to investigate Seoul city cover change provided by U.S. Forest Service
Northern Research Station.

Figure 42. 1,000 photo interpretation sample points in Seoul(Google Earth)
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2.1 Tree Cover Change in Seoul

Seoul showed the reduction in tree cover without statistically significant
change between 2010-2018 years (Table 4). The tree/shrub statistically lost
-0.1 percent in total and decreased -0.12 percent per year. The tree cover
compensated its number by gaining and losing in various land cover type.
On the other hand, average impervious cover (including building, road and
other) increased 1.2 percent in total (0.15 percent/year). Most of the loss of
tree cover converted to impervious other 33 percent, followed by conversion
to building 29 percent, bare soil and grass/herbaceous cover each 16 percent
(Table 5). Tree cover increased mostly converted from bare soil 35 percent,
followed by building 29 percent, impervious other 21 percent. The tree cover
change showed the most frequent changes happened in impervious building
and other (Table 5). Net cover change exhibited tree cover gained in bare
soll and water cover 0.1 percent each. Places with nature resource easily

tend to have increased numbers of tree and shrubs.

Cover 2010 2018 Gain Loss Net Change Annual Statistically
Class % 9 Change Significant
% SE % SE % % ° % |  Change
Grass/herb 33 0.6 3.8 0.6 1.2 0.7 0.5 0.06 NO
Tree/shrub 354 1.5 34.4 1.5 1.4 24 -1.0 -0.12 NO
e 28.6 1.4 286 1.4 1.5 L5 0.0 0.00 | NO
I“rlgjgv' 6.3 0.8 6.7 0.8 0.6 0.2 0.4 0.05 NO
Imperv.
other 16.6 1.2 17.4 1.2 23 1.5 0.8 0.10 NO
Soil 3.9 0.6 3.6 0.6 1.3 1.6 -0.3 -0.04 NO
Water 5.2 0.7 5.1 0.7 0.4 0.5 -0.1 -0.01 NO
Agriculture 0.7 0.3 0.4 0.2 0.0 0.3 -0.3 -0.04 NO

Table 17. Tree cover change summary
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City Ist year 2nd year cover class . . Ist year
cover class | Grass/herb | Tree/shrub | Imp. bldg | Imp. road | Imp. other Soil Water Agriculture Total SE
Grass/herb 2.6 0.1 0.0 0.0 0.3 0.3 0.0 0.0 33 0.6
Tree/shrub 0.4 33.0 0.7 0.1 0.8 0.4 0.0 0.0 354 1.5
Imp. bldg 0.0 0.4 27.1 0.1 0.5 0.5 0.0 0.0 28.6 1.4
Imp. road 0.0 0.0 0.0 6.1 0.2 0.0 0.0 0.0 6.3 0.8
Imp. other 0.2 0.3 0.5 0.1 15.1 0.1 0.3 0.0 16.6 1.2
Seoul Soil 0.4 0.5 0.3 0.0 0.4 23 0.0 0.0 3.9 0.6
(2010-2018) Water 0.1 0.1 0.0 0.2 0.1 0.0 4.7 0.0 5.2 0.7
Agriculture 0.1 0.0 0.0 0.1 0.0 0.0 0.1 0.4 0.7 0.3
2“3)%?’“ 3.8 34.4 28.6 6.7 17.4 3.6 5.1 0.4
2nd year SE 0.6 1.5 1.4 0.8 1.2 0.6 0.7 0.2
(20112)13018) 0.5 -1.0 0.0 0.4 0.8 -0.3 -0.1 -0.3
Table 18. Tree cover change matrix by cover class in detail
clgriZe Grass/herb | Imp. bldg | Imp. road | Imp. other Soil Water Agriculture Total SE
Loss -0.4 -0.7 -0.1 -0.8 -0.4 0.0 0.0 -2.4 0.5
Gain 0.1 0.4 0.0 0.3 0.5 0.1 0.0 1.4 0.4
Net -0.3 -0.3 -0.1 -0.5 0.1 0.1 0.0 -1.0

Table 19. Tree cover loss and gain by other land cover type
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Conclusion

Seoul’s urban forest has various benefits and multi-functional effects
working as the city’s core green infrastructure. Even though the benefit of
trees are sometimes underestimated, they give a plenty of ecosystem services
to the public as mentioned in I-Tree Eco part here. In this research, only
those four services parts(the pollution removal, carbon storage and
sequestration, oxygen production, avoided runoff) have been analyzed based
on [-Tree Eco plot data. However when we provide the data in relation to
carbon avoided and building type, the services and associated values being
provided by wurban forest will be go higher. Also since there are still
unknown tree services including UV, water quality, aesthetics, the monetary
value discussed in this report is just a baseline of what the urban forest

could give back to public.

Despite the value of trees, the tree canopy is on the decline in Seoul where
landscape has replaced natural resources with growing impervious cover
according to tree canopy assessment. This trend shows that efforts to
preserve sustainable urban tree canopy are needed. Although government,
NGOs, many individuals are devoting to increase the urban tree cover
through tree planting campaign and implementation of urban forest, the way
to achieve desired urban tree canopy has to be more integrated and engaged
with the public. In addition if the trees are properly managed, the sound tree
canopy can be preserved as well as allowing people to benefit the ecosystem

value of Seoul urban forest.

In this research, forest land such as national parks and parks in urban areas
have not stratified. The category of urban forest regulated by the Korea Forest
Resources Act was not considered because the plots used in I-Tree and
points for photo-interpretation in this report took into account all the public
and private trees in Seoul area. More research 1s needed on the urban trees
with detail stratified boundary in order to differentiate urban forest and

forest in urban area.
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Appendix 1. DBH distribution by each species

] 078 8- m2] SE | S [ e e |G| [T |
% SE % SE % SE % SE % SE % SE % | SE| % | SE | % | SE| % | SE
Abies firma 100 0
Abies holophylla 13 7 63 13 25 8
Actinidia arguta 50 0 50 0
Acer buergerianum 11 0 67 0 22 0
Acer palmatum 32 9 49 8 15 7 2 1 1 1 1 1
A
pscglzdosieboldianum >0 0 >0 0
Acer triflorum 100 0
Aesculus turbinata 34 0 33 0 33 0
Ailanthus altissima 50 0 50
Alnus hirsuta 4 3 39 20 46 15 4 3 8 4
Alnus japonica 27 13 73 13
Albizia julibrissin 100 0
Betula platyphylla 55 19 26 6 18 14
Betula schmidtii 100 0
Betula dahurica 10 0 10 7 60 0 20 7
Catalpa bignonioides 100 0
Castanea crenata 3 2 10 6 42 10 28 8 10 6 3 2 1 1 2 2
Caesalpinia 100 0
decapetala
Callicarpa dichotoma | 100 0
Callicarpa japonica 100 0
Carpinus laxiflora 13 0 75 0 13 0
Catalpa ovata 100 0
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) 15.2 - 30.5 - 76.2 -| 914 - | 106.7 - | 121.9
Species | 0 -76 |76 - 152 30.5 45.7 457 - 61 | 61 - 762\ 914 | 1067 | 1219
% SE % SE % SE % SE % SE % SE % | SE| % | SE | % | SE| % | SE
Cephalotaxys 100 0
harringtonii
Cercidiphyllum 3| 32 67| 32
japonicum
Cedrela sinensis 100 0
Celtis sinensis 100 0
Chamaecyparis 100 0
obtusa
Chionanthus retusus 100 0
Clgrodendrum 100 0
trichotomum
Cornus controversa 10 0 33 0 57 0
Corylus heterophylla 20 0 80 0
Cornus kousa 100 0
Cornus officinalis 46 15 54 15
Corylus sieboldiana 80 0 20
Crataegus pinnatifida 33 17 67 17
major
Diospyros kaki 67 10 28 9 6
Elaesagnus umbellata 22 0 67 0 11 0
Euonymus alatus 100 0
Euonymus japonicus 86 9 7 0 7 9
Euonymus 100 0
sieboldiana
Ficus carica 100 0
Fraxinus
10 9 81 10 10
rhynchophylla
Ginkgo biloba 6 4 15 4 49 7 23 6 4
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] 070 |16 12| Sy | % |s7 o e e || bl ||
% SE % SE % SE % SE % SE % SE % | SE| % | SE | % | SE| % | SE
Gleditsia japonica 100 0
Hibiscus syriacus 50 0 50 0
Hovenia dulcis 67 0 33 0
Juniperus chinensis 29 12 52 11 10 5 10 9
Juniperus rigida 17 0 83 0
Koe!reuteria 100 0
paniculata
Lagerstroemia indica | 100 0
Lespedeza bicolor 100 0
Lespedeza 100 0
cyrtobotrya
Ligust.rum 100 0
obtusifolium
Lindera obtusiloba 27 12 17 11 46 11 7 2 2 2
Ltodendron 0|
Maackia amurensis 100 0
Magnoliopsida 39 9 39 7 20 10 2 2
Magnolia denudata 20 11 60 14 20 10
Magnolia kobus 50 0 50 0
Magnolia liliiflora 67 24 33 24
Magnolia obovata 22 8 33 0 44 8
Malus pumila 62 10 13 0 25 10
Malus sieboldii 100 0
Metasequoia 1| 1| 57 3| 33 2
glyptostroboides
Morus alba 25 0 75 0

- 132 -




waa] 0-78 [16- 2] S | M [wr- a e e Gk | Gy || 0
% SE % SE % SE % SE % SE % SE % |SE| % | SE | % | SE| % | SE
Morus bombycis 19 10 52 13 29 14
Paulownia coreana 50 0 50/ 0
Phyllostachys 100 0
s | | o o
Photinia villosa 100 0
Picea abies 33 0 33 0 34 0
Pinus bungeana 13 13 0 75 0
Pinus densiflora 8 31 4 55 4 5 0 0
Pinus koraiensis 29 49 5 16 3 6
Picrasma quassioides 80 0 20 0
Pinus rigida 17 7 33 10 43 7 7 7
Pinus strobus 29 0 57 0 14 0
Platanus 100 0
Platanus occidentalis 67 0 33 0
Platanus orientalis 12 0 25 0 63 0
Populus davidiana 100 0
Populus deltoides 20 0 40 0 40 0
Populus nigra 100 0
Populus 10| 7| 10| of 6| 7| 15| 1
tomentiglandulosa
Prunus armeniaca 75 0 25 0
Prunus donarium 100 0
Prunus mume 34 9 42 16 25 14
Prunus padus 55 0 22 0 22 0
Prunus persica 20 0 60 0 20 0
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o] 076 [76- 2] i | % [wr- o e e [ | ey | |0
% SE % SE % SE % SE % SE % SE % |SE| % | SE | % | SE| % | SE
Prunus sargentii 29 12 36 36 12
Prunus serrulata 15 7 28 50 5 7 4
Prunus tomentosa 34 17 33 13 33 17
Prunus x yedoensis 42 14 50 16 8 8
P_seud(_)cydonia 67 0 33 0
sinensis
ctenopters 00| 0
Pyrus calleryana 100 0
Pyrus pyrifolia 29 7 43 7 29 14
Quercus acutissima 4 3 30 8 41 7 18 4 6 4 1] 1 1 1
Quercus aliena 31 21 69 21
Quercus dentata 3 3 10 4 65 16 20 15
Quercus mongolica 4 16 5 52 6 24 7
Quercus palustris 100 0
Quercus serrata 2 2 33 56 5 10 5
Quercus variabilis 31 17 54 17 8
Rhus chinensis 37 63 0
Rhus trichocarpa 100 0
Ribes pinetorum 50 0 50 0
Robinia pseudoacacia 6 2 30 7 54 6 9 2 1 1 1 1
Salix koreensis 83 0 17
Sorbus alnifolia 3 2 29 10 39 21 8 5 3 3 2
Sophora japonica 100 0
Spiraea prunifolia 100 0
Styrax japonicus 29 27 14 0 57 27
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Species| 0 - 76 |76 - 152 227 3027 | 457 - 61|61~ 762 |82 | L4 | 1007 <) 1219
% SE % SE % SE % SE % SE % SE % | SE| % | SE | % | SE| % | SE
Styrax obassia 41 0 53 0 6 0
Symplocos paniculata | 100 0
yines ovte | 0| o
Syringa vulgaris 50 0 50
Taxus cuspidata 72 14 14 14 14 0
Platycladus orientalis 100 0
Torreya nucifera 75 20 25 20
Ulmus davidiana 50 24 17 16 33 8
Viburnum erosum 100 0
Viburnqm opulus 33 0 67 0
sargentii
Weigela subsessilis 100 0
Zan.th_oxylum 100 0
schinifolium
Zelkova serrata 39 11 43 8 18
Ziziphus mauritiana 100 0
Ziziphus zizyphus 33 14 67 14
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Appendix 2. Comparison of Urban Forests

A common question asked is “How does this city compare to other cities?”
Although comparison among cities should be made with caution as there are many
attributes of a city that affect urban forest structure and functions, summary data

are provided from other cities analyzed using the I-Tree Eco model.

. City totals for trees

City % Tree Cover Number of Trees Carbon Storage | Carbon Sequestration Pollution Removal
[metric tons) (metric tons/yr) (metric tons/yr)
Toronto, ON, Canada 26.6 10,220,000 1,108,000 46,700 1,905
Atlantg GA 36.7 9,415,000 1,220,000 42,100 1,509
LosAngekes, CA 111 5,993,000 1,151,000 69,800 1,792
New York, NY 208 5,212,000 1,225,000 38,400 1,521
London, ON, Canada 247 4,376,000 360,000 12,500 370
Chicago, IL 1732 3,585,000 649,000 22,800 806
Phoenix, AZ 9.0 3,166,000 286,000 29,800 511
Baltimore, MD 210 2,479,000 517,000 16,700 320
P hiladelphia, PA 15.7 2,113,000 481,000 14,600 522
Washington, DC 286 1,928,000 477,000 14,700 379
Oakville, ON, Canada 291 1,908,000 133,000 6,000 172
Albugquerque, NM 143 1,846,000 301,000 9,600 225
Boston, MA 223 1,183,000 290,000 9,500 257
Syracuse, NY 269 1,088,000 166,000 5,300 a9
Woodbridge, NJ 295 986,000 145,000 5,000 191
Minneapolis MN 264 979,000 227,000 8,100 n
San Francisco, CA 119 668,000 176,000 4,600 128
Moargantown, WV 35.5 658,000 84,000 2,600 65
Moorestown, NJ 280 583,000 106,000 3,400 107
Hartford, CT 259 568,000 130,000 3,900 52
Jersey City, NJ 115 136,000 19,000 800 37
Casper, WY B9 123,000 34,000 1,100 34
Freehoid, NJ 344 4E 000 18,000 500 20

1. Totals per hectare of land area
City Number of Trees/ha Carbon Storage Carbon Sequestration Pollution Removal
(metric tons/ha) (metric tons/ha/yr) (ka/hafyr)
Toronto, ON, Canada 160.4 174 0.73 299
Atlanta, GA 2758 357 1.23 44 2
Los Angeles, CA 484 9.4 0.36 14.7
New York, NY 65.2 153 0.48 19.0
London, ON, Canada 185.5 153 053 15.7
Chicago, IL 599 109 0.38 135
Phoenix, AZ 318 29 0.30 51
Baltimore, MD 1185 250 0.80 186
Philadelphia, PA 619 141 0.43 15.3
Washington, DC 1211 298 092 238
Oakville, ON , Canada 1929 134 0.61 124
Albuguerque, NM 539 88 0.28 6.6
Boston, MA 829 203 0.67 18.0
Syracuse, NY 167.4 231 0.77 15.2
Woodbridge, NJ 1644 242 0.84 319
Minneapolis, MN 648 150 0.53 18.3
San Francisco, CA 55.7 14.7 039 107
Morgantown, WV 2945 37.7 1.17 29.2
Moorestown, NJ 153.4 279 0.90 28.1
Hartford, CT 1246 285 0.86 15
Jersey City, NJ 355 5.0 0.21 9.6
Casper, WY 225 62 0.20 62
Freehold, NJ 94.6 359 0.98 39.6
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