In a hot-humid environment
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Today, cities are recognized as a key driver of climate change mitigation efforts
and such efforts include the increase of green urban infrastructure in cities for
the purpose of thermal comfort and CO, mitigation.

We observed surface turbulent fluxes at an artificially constructed Seoul Forest
Park (SFP) in Seoul, for two years from June 2013 to May 2015.

The objectives of the study are to 1) quantify water, energy and CO, exchanges
from urban park into the atmosphere and 2) quantify the effect of the urban park
on microclimate through comparison before and after the park construction and
comparison with urbanized surrounding areas and 3) identify abiotic and biotic
factors controlling the temperature reduction and CO2 offset.
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Seoul Forest Park

the third biggest park in Seoul (1.16 km®)
Artificially created park in 2005
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A Figure 1.
(a) The location of stations in Seoul and (b) aerial photographs
around Seoul Forest Park station in 2002 before the creation of the
park, and (c) in 2014 during observation period (modified from map
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Materials and methods

data ©2019 Google). The location of SFP station (green triangle)
and SD automatic weather station (yellow triangle). (d) The
photograph of SFP station (e) and footprint climatology with height

Urban Heat Island Intensity

of surrounding obstacles around SFP station.

UHII =

Tair (SEP or AVG) — !air (KP) [°C]

Surface Carbon Balance

FC + A48 = + ER + - P+ 44 [umol m=% s™1]
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Fc : net CO, flux,
Ex : emissions from vehicles of roads,
P : carbon sequestration by vegetation
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AS : carbon storage (assume zero), AA : horizontal and vertical advection (assume zero)

Results

v Temperature reduction by park creation
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Mean diurnal pattern of air temperature during summer in AVG (red square) and SD
(yellow triangle) (a) before and (b) after construction of the park.
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!i, L Hourly mean diurnal variation of urban heat island intensity of SFP and AVG in 2013 and
2.0 - s gf’ & ﬁ 2014 in summer. The error bars represent standard errors.
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A Figure 6.
Monthly boxplots of daytime (K, > 120 W m) F by wind
direction. Boxes have a minimum of 20 samples. Medians are
indicated by black horizontal lines; means are indicated by
pink horizontal lines.

v' Surface F. over park with heterogeneous urban landscape
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« Figure 7.

power system failure.

20 (a) Temporal variation of hourly averaged F.and (b) road fraction (4
Jun 2013 to May 2015. The horizontal axis indicates the number of the two-week for two years and
15 vertical axis is the time of day. In December 2013, there are a gap for about 4 weeks due to the

r» %) for every two-week from

©*_ (Fig.6)

ls= « During the summer daytime (from June to August),
3 .

|, 2 the mean F < 0 in all sectors because of P
..+ the highest tree cover fraction (150-180°)

; — strongest CO, uptake

10 but some positive values of F.

15 «— emissions from vehicles on the roads, Ex

’ « Largest emissions at western sector in winter and

7 late spring because of E, + Eg

6 (Flg /)

: the highest CO, uptake in June

4 ; » significantly reduced CO, uptake in the middle of

summer (4th and 31st two-week)
«— reduced K| because of East Asian monsoon activity
* the clear relationship between F. and 4,
& A1 (23rd, 45th and 47th two-weeks)
& Ag| (19th and 46th two-weeks)
uptake becomes neutral between 16:00-17:00

earlier than that of natural ecosystems because of E.

[ FCA
00:00 EEMNNISIISNNNN | | ) o W | | BN 0 = . 1 . ) Lo
1234567 8 9101112131415161718192021 2222 25262728293031323334353637 3394041424344454647 4 0515253 I:
JUN J A 8§ O N D J FM A M J J A 8§ O N D J F M A MAY > CV
2013 2014 2015
. CO,
v Magnitude and seasonality of F. in urban park
1500 |
[ [OE& i
WmRrRE [ -P | [ . -
~ 1000 - Er | o
£ [ i R
5 1 '*E
500 - ~ | 4
ol : u | O
E L | ol ] | | bl e
S O
O w
@)
o 500 -
O - : N
L
-1000 - . N - o e e
06 07 08 09 10 11 12 01 02 03 04 05 ' 06 o7 08 09 10 11 12 01 02 03 04 05
2013 2014 2015 m—
A Figure 8.

Monthly sums for F. (observed; yellow bar) and its components, indicating ecosystem respiration (RE; red bar), vehicle
emissions from the road (E,; blue bar), building emissions (Eg; gray bar) and photosynthetic uptake by vegetation (P, green bar).

* Lowest F. IinJune o
«— absorption by P (in summer)
«— small RE (compared with Jul, Aug) 5
* On a monthly basis, P offsets RE in only June. .
« RE>E;(AprtoOct)/ RE <Eg (Nov to Mar)
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Relationship between annual CO, flux and
vegetation fraction (Fig.12a of Hong et al.,
2019)

In summer; F. <« biogenic component (P, RE)

In winter; F. < anthropogenic component (Eg, Eg)

The annual mean total F., RE and P: 7.1, 4.9, 3.7 kg CO, m~ year
On an annual basis, vegetation in SFP absorbs more than 30% of the
CO, emitted from or around the park.

v SFP, the artificially developed urban forest park, acts to offset the increase in temperature, reducing the
temperature by up to 0.6 °C, compared to the surrounding high-density residential area. This cooling
effect Is closely related to more evapotranspiration compared to the impervious surface.

v" We partition the net F. at urban park into biogenic and anthropogenic F. components by analyzing the
relationship between road fraction and CO, emission.

v" Vegetation in SFP absorbs 3.7 kg CO, m year, corresponding to about 1/3 of CO, emission from soil,

vehicles and buildings around the park.

v' The annual mean total F.is 7.1 kg CO, m year. It is consistent with the scaling between annual CO,
fluxes and vegetation fraction. It is about 3 kg CO, m year less than that in typical residential area in

Seoul.
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