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ABSTRACT

The purpose of this study is to analyze how much particulate matter at the center of the urban park is reduced compared
to the entrance of the park, where the particulate matter problem is serious. It also endeavored to analyze the relationship
between the space closure rate and particulate matter reduction rate in the center of the park through the collection and
analysis of experimental data. Seven flat land type urban neighborhood parks in Suseong-gu, Daegu were measured at
the same place for three days. The research results are as follows. First, the center of the urban neighborhood park had
an average temperature 1.05°C lower than at the entrance and an average humidity of 2.57% higher. Second, the rate
of fine dust reduction was PM1- 17.09%, PM2.5- 17.65%, PM10- 14.99%. As for the reduction rate of particulate matter,
the smaller the size of the park, the greater the reduction rate. In addition, the reduction rate at the center of the park
was lower on days when particulate matter concentration based on the weather reports was low. The higher the concentration
at the park entrance, the higher the reduction rate was. Third, a higher the rate of space closures at the center of the
park resulted in a higher effect of particulate matter reduction. Noting this, the relationship between particulate matter reduction
and the space closure rate in urban neighborhood parks was clearly shown. We hope to be the basis for more extensive

experimental data collection.

Key Words: Particulate Matter Reduction Forest, Fine Particulate Matter, Temperature Reduction, Humidity Control,
Regression Analysis
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Table 1. National weather announcement and particulate matter data by urban neighborhood park

National Weather Service Announcement

Date 2019-05-14 2019-05-16 2019-05-24
Park No PM25 PM10 Temp. | Humidity PMZ.S PMIQ Temp. Humidity | PM25 PM10 Temp. Humidity
© | (ug/m?) | (pg/m’) (0) (%) (ng/m®) | (ng/m®) (0) (%) (ng/m?) | (ug/m®) | (T) (%)
1 24 53 27 30 34 55 29 34 36 74 33 22
2 28 56 28 28 34 45 30 30 36 74 32 23
3 24 53 26 32 34 55 29 34 34 75 32 23
4 28 60 28 29 32 61 30 30 34 75 32 24
5 24 60 26 29 38 69 28 31 29 72 30 21
6 23 60 21 28 37 48 29 30 34 75 33 20
7 24 60 25 31 38 69 28 31 29 72 30 25
Ave, 25.00 5743 26.71 2957 35.29 5743 29.00 3143 33.14 73.86 3171 2257
Std. 2.08 3.36 111 151 2.36 945 0.82 181 2.97 1.3%5 125 1.72
7F e AoR HoH: o7} YA LT BolA| I FETt EoA = 2 AEC] F
FEE 7P ExRg Z2U3d 997 1~165%7HA =% Z5 224E SR F Al
om, it 6.62% =& AR FAHJUL o] T Y & 7b e wAA AL s 7 e) tEA 24
AAas 2UTd Y7 AaA, w7sA 54 5 B 5t} Table 33 7o) 71443 wx o} %% Yol A o] wAH
Hgo] ofsl] gdEiAe 02 getdt) vBiA R % A A = PM25olME 3977 713 et @ o =
< 2T Y7 2UTY T FE AR 293 E F okom, PMI0Z 71 @i ET Y77 o Wkt PM2.5
ool dtell HEiA 1~6% AE w2 R FAHYH, o] Folz HaA 19,6711g/m3°ﬂ/\1 Ao 2767ug/m’ ©1N°oH
Aot 251% =& ASZ FAFHA o] Ee 23 W & PMI10el A& 4 1.33pg/m’, Ao 19.33pg/m’ 2ko]7F Uit
ol o3t J&o 2 soleth(Table 2 2X). 3% TS SAS ol HA Wetol PM25E 71 wERT
EAEe] 7158t 15O APANAE o F St 2333ug/m’ o Ekom, PMI0S AT 6%ug/m’ O WA =
#7125 3~TC 43713, FE& 9~23% 3571+ 5 2 AEATE. 7V AN S8t Fast 349 X7 g o
AAA 71F2E 7502 AZbeA HA e LTS Al T o2 WEee] AEs7e s, 71 e AT
Fatky sk tH https://www forest.go kr/newkfsweb Korea URE I 9o Tzt Wk sk AlZ getEH
Forest Service Home Page). ©l+= ¥ A<} 314 A= A} SAIRE ZHHHA] 258 6 =2 A =AY BN 29

Table 2. Difference of national weather announcement and measured value

Difference of Temperature and humidity

2019-05-14 2019-05-16 2019-05-24 Total Average

Bt I e, () |Hmidity (%) | Temp, (C) | Humidity (%) | Temp, () | Humidty (%) | Temp, (C) | Humidity (%)
Pak No | AE | EC | AE|EC| AE | EC | AE | EC | AE | EC | AE | EC | AE | BEC | AE | BC
1 2 1 3 2 5 1 6 2 2 1 3 1 3.00 1.00 4.00 1.67
2 2 | 1 |1 | 3] 3 | 2] 7 | 4 2 243 |28 33|
3 1 1 6 4 4 1 8 0 2 0 4 1 2.33 0.67 6.00 167
1 L1 8 6] 6 ] o0 5] o0 2 | 1|5 | 2 [30]06 | 93|26
5 1 1 8 6 3 1 7 2 1 1 7 3 167 1.00 7.33 3.67
6 5 | 1 8 | 6] 4 | 1] 0] 2] 3] 29 3 |33
7 2 1 8 1 3 1 7 2 2 1 6 1 2.33 1.00 7.00 1.33
Ave. | 171 | 100 | 571 | 400 | 400 | 100 | 871 | 171 | 200 | L4 | 543 | 200 | 257 | 105 | 662 | 257
Std. 0.76 0.00 | 350 2.08 115 0.58 3.20 1.38 0.58 0.69 207 1.00 0.83 0.42 292 1.49

A National weather announcement, E: Entrance of urban neighborhood park, C: Center of urban neighborhood park.
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Table 3. Difference of National weather announcement and measured value of PM (ng/m’)
Difference of announcement and measured value

2019-05-14 2019-05-16 2019-05-24 Total Average
Park No. PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM25 | PMI0
A E |AE| A E |AE]|] A E [A-E| A E |A-E| A E [A-E| A E | A-E| AE A-E
1 24 | 97 | 73|53 | B 45 M| 48 14 | 55 | 45 | —10 | 36 | 42 6 | 74 | 43 | =31 | 3L00 1.33
2 28 71 43 o6 71 15 4 43 9 | 45 43 -2 36 43 7 74 o0 | —24 | 1967 | —367
3 24 74 50 53 78 2 Rl 49 15 95 45 | —10 4 45 11 75 47 | —28 | 2533 | —4.33
4 28 | 65 | 37 | 60 | 65 5 32 | 58 | 2 | 61 57 —4 | 34 | 4 | 20 | 75| 46 | —29 | 27167 | —9.33
5 24 | 51 21| 60 | M4 | -6 3B | 5 17 | 69 | 60 -9 1 29 | 40 11| 72| 40 | =32 | 1833 |-1567
6 23 74 51 60 84 24 37 57 20 | 48 62 14 4 43 9 75 44 | =31 | 2667 2.33
7 24 | 42 18 | 60 | 47 |—13 3B | 53| 1569 |5 |—-14 |29 | 40 11| 72| 4 | =31 | 1467 |-1933
Ave. [ 2500 |67.71 | 42.71 | 5743 | 71.00 | 1357 | 35.29 | 51.86 | 16.57 | 57.43 | 52.43 |—5.00 |33.14 [ 43.86 | 10.71 | 73.86 | 44.43 |-2943| 23.33 | —6.95
Std. 208 (177711793 | 336 |17.55| 1997 | 236| 543 | 532 | 945| 791| 929 | 297 | 481 | 457 | 1.35 | 351 2761 927 10.67
A : National weather announcement, E : Entrance of urban neighborhood park.
o] A= AFAL Al T ZPAEA 2 2lo] B o Atk
¢ AR FAHTh 39 SAE e 2HFAAANY WAHA FasS BT
et £ w Figure 29 200, 77 Fd] AA Fdph>
2. 2SR DM Mzg 24 PMI 17.09%, PM25 17.65%. PMI0 1499%% 78S B3
o}, PML3 PM257F 94217} 2o} 2997 A4, Ba) 5
Doseael me dad w oA WS BARAT BEE & 4 ov, e 5
PR S 5 Do 3o A T A Bl B AE 9 5
, ol AR 28] 97 (National Institute of Forest Science,
A Fa PMICIME 871ng/m* #4ste 21.18%, PM2.5el

AME 16.71ug/m’ 7H8k 2504%S VRl 0w, PM10oIA =
471pg/m’ 7HAsted 21.88%= Webgth PM25 o 740l
7 729, PML, PMIOSIAE AR 2488 B3tk &
ZAA= PM1E 844, PM2.5E 1070, PM102 10.132.% v}
sk g0 FHAagk 3 39 PM25914] 10.81%°1H, 3
ke 74 39 PM109IA 4043%E B4ith

2019-05-16% S0l e 2T Aok FAalol AololA
0 A HE PMIGIME 433ug/m’ aste] 1256%,
PM25oIAE 586ug/m’ 7+43ke] 11.22%, PMI0IAE 4. 71ng/md’
Hsko] 909% 7HAaskth PM19) ZHago) 7hg & Zo =
EAEQt 2= PM1S 746, PM25E 636, PM10>
L9702 vephgth 7rage] Hagke T 3 PM25oA
1.89%0°19, Azt 1 3 PMIIA 2286%5 Btk

2019-05-24% SN e THTY A9 F4lol ZoolA
0 A HE PMIGINE 614pe/m’ #2dte] 1753%,
PM25SIAE 7 71ng/m’ 7Haa}ed 1758%, PM10IAE 6291 g/’
ZHasled 14.01% 7Hskeith PM259) ZHagol 74 Z ok
PM13} ARt E2H2= PMIE 837, PM25E 916,
PMI10S 8300 & Uehgth 7Hae9 Hazhe 19 29 PM25
oA 476%°1H, Hulak 48 9 PM259lA 3357%E 1
72

st=2xZAsks|X| K| 47H 65 (2019 12%)

2018) oA TAlge] mAIHA] F RS PM25el A= 40.9%,
PMI09IX = 25.6% A3te A2} v]Fojkol 14
A A tE=ARE PM25elM | &34 2 FARE 2

2olgt ¥ % 9k
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Figure 2. Reduction rate of PM
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Table 4. Weather and particulate matter measured value and reduction rate

2019-05-14 Measured value

Park entrance Park center Difference value
Park No. | PML [PM25 | PM10 | Temp, [Hunidity] PM1 | PM25 | PMIO | Temp. umidity| ~ PM1 PM25 PMIO | Temp. [Humidty
ng/m’ T % ng/m’ T % |pg/m®| % |wg/m*| % |wgm’| % T %

60 97 9% 25 33 49 66 78 24 35 11 [ 1833 31 |3196 | 20 | 2041
47 71 71 26 27 34 59 60 25 30 13 (2766 | 12 | 1690 | 11 | 1549
44 74 78 25 38 36 66 69 24 42 8 | 1818 8 | 1081 9 | 11HM4
3 65 65 21 37 26 41 45 26 43 9 | 2571 24 3692 20 | 3077
33 51 54 25 37 29 42 45 24 43 4 1212 9 1765 9 | 1667
51 74 84 24 36 45 57 69 23 42 6 | 1L76 | 17 | 2297 | 15 | 1786
29 42 47 23 39 19 26 28 22 40 10 [ 3448 | 16 | 3810 | 19 | 4043 1 1
Ave, 42711 67.71 | 7100 | 2500 | 3529 | 34.00 | 51.00 | 56.29 | 24.00 | 39.29 | 8.71 | 21.18 [ 16.71 | 25.04 | 14.71 [ 21.88 | 1.00 | 4.00
Std. 1103 [ 17.77 [ 1755 | 129 | 411 | 1052 | 1503 | 1762 | 129 | 496 | 304 | 844 | 832 | 1070 [ 506 | 1013 | 000 | 2.08
2019-05-16 Measured value

=== =] =]~
| D =W

N[ DO = WD

Park entrance Park center Difference value
Park No. | PML |PM25 | PMIO | Termp. Hunidity] PM1 | PM25 | PMIO | Temnp. umidi] ~ PM1 PM25 PMI0 | Temp. [Huridty
ng/m’ T % ng/m’ T % || % |wg/m’| % |wg/m®| % T %
1 B | 8|65 | u|w || 8w | 8] e| 8 |26 5 w3 [er] 1]
2 7 | s | s |7 |7 |9 s |5 a3 |[nu] 4]w|s [us| 2]
3 20 | 9|65 | 5| e[| 0w a]e| 26| olwr|s [un] 1] o
1 0 | [ 5 | 2| [ 3|5 a]| s | 9 |20 2 o] 6 [03] 0] o0
5 33 | 5 [ 60 | 5 |8 [ |50 5 [ 2] w0 | 5 [Be] 5 [ow|s [ss] 1]
6 s | s [ e | » | o [ 2| s[5 | a] s | 2 |[ss] 5 [sm|s [se] 1] 2
7 5| s [ s | s [ s [ [s a2 [sn] o1 w] o4 [l ] 2
Ave. | 3414 | 5186 | 5243 | 2500 | 4014 | 2071 | 4600 | 4771 | 2400 | 4186 | 443 | 12.56 | 5.86 [ 1122 | 471 | 909 | 100 | 171
std. | 445 | 543 791 | 100 | 279 | 345 | 551 761 | 058 | 177 299 | 746 | 358 | 636 | 095 | 197 [ 058 | 138
2019-05-24 Measured value
Park entrance Park center Difference value
Park No, | PM1 [PM25 | PMI10 | Temp. [Huridity] PM1 | PM25| PMI0 | Termp [Hunidty] P PM25 PMI0 | Temp. |Humidty
ng/m’ T % ng/m’ T % |\wg/m®| % |wg/m’| % |ug/m®| % T %
1 3 | 2 | s |3 |5 [0 0w [0 % | 4 e 2] 36w 1|1
2 B | w0 |0 |7 2|33 2530 6 ms] s [un] s o] 2| 3
3 20 | 65 | w30 | [ | u ]2 [0 x| 4 |ss|n[uuls|an]ol]:
1 33 | 50 [ a6 [ 30 | 2 [ 20 | 3% [ w0 | 20| 3 [ u || o [wy| o6 [Bu| 1| 2
5 23 |0 [0 |29 | [ |35 |3 ]s]|3a] 3 |wr] s [wo]l 6ol 1] 3
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The Relationship between Weather Service Announcement and
Particular Matter Reduction Rate by Measured 3-day average.
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a: The relationship between weather service announcement and particular
matter reduction rate.

The Relationship between Measured value at park entrance and
Particular Matter Reduction Rate by Measured 3-day average.
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b: The relationship between measured value at the park entrance and
particular matter reduction rate.

Figure 3. The degree of particular matter reduction according to
the concentration of particular matter
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The Relationship of Reduction Rate and

% Area of Urban Neighborhood Park.
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Figure 4. Relationship of PM reduction rate and area of urban
neighborhood park

74 3I=2x7s5(X| H| 474 65(20193 12%)

d: frame analysus

A ] c D

Shs%  OlAg% TRI%
19284 80716
19539 80461
14705 85295
16888 83112
2009 7091
20218 79.782
5696 94304

[+z | I

Somuo v s wn o

N 3,554 86.446.
ﬂﬂ'h 5 ane serod
€ ) o oo on
b Tisaen
B 1as196
e: data extraction f: data output

100
100
100
100
100
100
100
100
100
100

Figure 5. Shielding rate analysis by Koo CRVP



SAIZESH OMHX| (PM) Mznt STIRHER0| 247

Journal of the Korean Institute of Landscape Architecture 196

= AR 3 FAARC] drhd SRR SlevE dd 4, S+ XD 0|MEX| MZEe| 3724
Stk ZE ZaQe) SRS AYF Yol %5 37
3lo] The Tabe 59} 7ro] AHEak TS, 2 Y79} FA17ke) TAE A S v RA] ARE] 3RS A
oA A7hE e} vl W BAE T ak3lth Table 53 22 HloJel7F F2H% oM, 39 A+t
F7F A &L P RE S HHF oo, HEo] 2 FY TR mARA AT A&7 FRAAE AR
oA Za GA FEEU W TN 966%= 7P =% g 23} Figure 63 2o] B Auld A2 £4=U0 .
on bW T 8548% = 7P WAL, e H84%E B T A &0l FETE UAHA ARE £ 2 A0E F
Table 5. Shielding rate and particular matter reduction rate by measured date (%)
Park Space 2019-05-14 Reduction Rate 2019-05-16 Reduction Rate 2019-05-24 Reduction Rate Total Average Reduction Rate
Nar Shielding
. Rate PM1 PM2.5 PM10 PM1 PM25 PM10 PM1 PM2.5 PM10 PM1 PM2.5 PM10
1 97.37 1833 31.96 2041 22.86 1042 6.67 1212 4.76 6.98 1777 1571 1135
2 92.49 27.66 169 1549 1111 9.30 11.63 17.65 1471 10.00 1881 13.64 12.37
3 98.91 18.18 1081 11.54 6.67 18.37 1111 1333 2444 3191 1273 17.87 18.19
4 98.95 25.71 36.92 30.77 22.50 20.69 1053 3357 33.33 13.04 2126 30.31 1811
5 99.66 1212 17.65 16.67 13.16 9.09 8.33 10.71 1250 15.00 12.00 13.08 1333
6 85.48 1177 2297 17.86 588 8.77 8.06 11.76 18.60 11.36 9.80 16.78 1243
7 98.02 34.48 381 4043 5.71 1.89 727 2353 1471 9.76 21.24 18.23 1915
Ave. | %84 21.18 25.04 21.88 12.56 1122 9.09 17.53 1758 14.01 17.09 17.95 14.99
Std. 515 844 10.70 10.13 746 6.36 1.97 8.37 9.16 8.30 6.08 5.80 333
The Relationship between Particular Matter Reduction and The Relationship between Particular Matter Reduction and
% Space Shielding Rate in Urban Neighborhood Park on 2019-05-14. g  Space Shielding Rate in Urban Neighborhood Park on 2019-05-16.
45 25
40 s - .
35 — 20
30 ,° y=0.5647x - 41.561 ‘
25 ° “y= 0:1968X + 4.9250 5 Ri=8:2523
L A N BT e E L A R*=0:0083 eeeenty
S IR P T i T - 0251;0224?25 ° 10 . : .
e L ° ¥ =0.014x + 7.7448
10 5 L R*=0.0013 &
5
0 o
84 86 88 90 92 94 96 98 100 % 84 86 88 S0 82 94 56 88 100 %
e PML (pg/m3) ®  PM25 (pug/m3) PM10 (pg/m3) e PMI1 (pg/m3) s PM25 (pg/m3) PM10 (pg/m3)
~~~~~~~~~ Linear (PM1 (ng/m3) Linear (PM2.5 (ug/m3) Linear (PM10 (ug/m3) +eeeeeeLinear (PM1 (ug/m3)  -------- Linear (PM2.5 (ug/m3) Linear (PM10 (ug/m3)
at The relationship with 2019-05-14 data. b: The relationship with 2019-05-16 data.
The Relationship between Particular Matter Reduction and The Relationship between Particular Matter Reduction and
% Space Shielding Rate in Urban Neighborhood Park on 2019-05-24. % Space Shielding Rate on Total Average Value.
40 33 ’
35 ° 30 ]
30 ®
25
» y-04716x-276% © 20 . " 0;933;22134 0.2722x -8
20 ° R=00864 o . B IR 4 Ly
15 ; : ® u ¥=0.3266x - 16306 g
3 e y= 0;30:?03392943 : 0 b R?=0.2548
5 - 5
0 0
84 86 88 90 92 94 96 98 100 % 84 86 88 90 92 94 96 98 100 %
® PM1 (ug/m3) ®  PM25 (ug/m3) PM10 (pg/m3) ® PML  (ug/m3) ®  PM25 (ng/m3) PM10  (pg/m3)
~~~~~~~~~ Linear (PM1 (ug/m3) Linear (PM2.5 (ug/m3) Linear (PM10 (ug/m3) «+eeeeee Linear (PM1 (ng/m3) Linear (PM2.5 (ug/m3) Linear (PM10 (ug/m3)
c: The relationship with 2019-05-24 data. d: The relationship with total average value,
Figure 6. Relationship of space shielding rate and particular matter reduction rate
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