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Development of PM10 Forecasting Model for Seoul Based
on DNN Using East Asian Wide Area Data

SukHyun yu'

ABSTRACT

In this paper, PM10 forecast model using DNN(Deep Neural Network) is developed for Seoul region.
The previous Julian forecast model has been developed using weather and air quality data of Seoul region
only. This model gives excellent results for accuracy and false alarm rates, but poor result for
POD(Probability of Detection). To solve this problem, an WA(Wide Area) forecasting model that uses

Chinese data is developed. The data

is highly correlated with the emergence of high concentrations

of PMIO0 in Korea. As a result, the WA model shows better accuracy, and POD improving of 3%(D+0),
21%(D+1), and 36%(D+2) for each forecast period compared with the Julian model.
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Table 1. Regional code index
Regional code Area name Regional code Area name
RO1 Taklamakan Desert R10 Inland China
RO2 Western Mongolia R12 Seoul
RO3 Central Mongolia R13 Northern Gyeonggi-do
R0O4 Eastern Mongolia R14 Southern Gyeonggi—do
RO5 Northeast China R15 Incheon
R0O6 Hebei, China R16 Gangwon-do
RO7 Shandong, China R17 Chungcheong-do
RO8 Jiangsu, China R18 Gyeongsang-do
R09 South China R19 Jeonla—-do
Table 2. Input data
Variable Unit Min Max Variable Unit Min Max
PMp ng/m? 0 180 Solar radiation 0.0IMJ/hr-m?| 0 2
PM,5 ng/m’ 0 110 CASE4_PMj ng/m? 0 180
SO, ppm 0 0.01 Mixed highs m 100 2000
NO: ppm 0 0.01 Geopotential height. m 1250 | 1500
850hpa
O3 ppm 0 0.08 Pressure_850hpa Pa 97000 102500
CcO ppm 0 14 U_850hpa m/s -15 20
U m/s -6 6 V_850hpa m/s -15 15
v m/s -5 5 Relative humidity_850hpa % 0 50
Pressure Pa 970 1025 Temperature_850hpa K 270 310
Temperature K 260 310 Geopotential height_ m 710 860
925hpa
Dew point K 260 | 310 U_925hpa /s 15 20
temperature
Relative humidity % 0 100 V_925hap m/s -15 15
Accumulated Temperature
Precipitation i 0 10 difference_850-925 K 0 8
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Fig. 3. Proposed DNN architecture,

AR drrEdo HEA: F 1072 745
=4, °]& Fig. 4914+ T6~T152 71&3th 1074
o Z+HER IE i Az 7:319] 6417 B AR
£ YYo= 5o 6A 7T A B gs AAdsteT
% 3Y9(D+0, D+1, D+2) dBE F3h3t}. Fig. 49
A et R REHA ARG AZE ZEZA|AE A A
shar, FAF ) Al Ze U Table 30 71& 3t
15A 0 QRE FPsEE T1~T5 7+ 3A F
ko), T6~TIloe A B o= T6~T7°] FY
(D+0), T8~T11°] Wy (D+1), T12~T157} =& D+
2)l st

Zt YEL A9 dYTole FA 6AIHTHY A
gole &3 7t G BRTIHT6~T159 di vlolHE
o] d¥ I, EYJolle &4 AR PMy 34
ol B 3o g g Ho] dhFo] 1Pt T
AAreR el o3l 7heA 9 st ELS A3} o
HAH o2 o], H]&F+= MSE(Mean Square
Error), 433+ AIROEE AT

pi
.

T6 T7

T8

3.1 o|222o| JHe

2 =2dAeE AL 499 34 (D+0, D+1, D+2)
ARE FP3t7] A Fotrlol AA S ARE AL
£33 WA or =a8 syt

WA ol mdeo] 7t & Ad A Julian
drEHe Agdde] dr|d 2 71 54 vlolH
9t B AR, @5 HolHE AR REE A4
¢l <5 AkE Table 49 AA T

25t HolE &= PlARA Y] sEo 52
Zhe 718A % JIARE Fox ERE oJEA
kel mat mA R o] S o BEeiA
A 4 o} Julian dEEDA = 255
22k WA <=(Fig. 5)ol 2 12719 A=
2RI S AN TEe ALY AE5A
AR o] AMEH EALE 183t EHE 1€ A

R
=3
|

r9~‘ B 2& o

]0

=i
=

129 tEsh 12719] A& AR e,
prediction section =

T9 TI10 TI11 Ti12 T13 T14 T15

Fig. 4. Time unit concept of forecast model,



1304 Z2ZEDIONES ==2A M22& HM11=(2019. 11)

Table 3. Time frame of 15 hour forecast model

Time Time corresponding to section
T1 D-1 07~12 o'clock, Measure at forecast time
T2 D-1 13~18 o'clock, Measure at forecast time
T3 D-1 19~24 o'clock, Measure at forecast time
T4 D+0 01~06 o'clock, Measure at forecast time
T5 D+0 07~12 o'clock, Measure at forecast time
T6 D+0 13~18 o'clock
T7 D+0 19~24 o’clock
T8 D+1 01~06 o’clock
T9 D+1 07~12 oclock
T10 D+1 13~18 o'clock
T11 D+1 19~24 o'clock
T12 D+2 01~06 o'clock
T13 D+2 07~12 o'clock
T14 D+2 13~18 o'clock
T15 D+2 19~24 o'clock

Table 4. Input data of Julian forecast model

Time Kind Data
. U, V, Pressure, Temperature, Dew point temperature, Relative
T5 OZZE;?('TE)OH Weather humidity, Precipitation, Solar radiation
Air quality PMss, Os, NO,, CO, SO, PM;g
Air quality CASE4_PM;y

Temperature, Pressure, Relative humidity, Mixed highs, U, V,

T# Forecast Geopotential height_850hpa, Pressure_850hpa, U_850hpa, V_850hpa,
(#:6~15) data(16) Weather Relative humidity_850hpa, Temperature_850hpa, Geopotential
height_925hpa, U_925hpa, V_925hap, Temperature
difference_850-925
( #’6’12#15) Date(12) Julian: 12 factor expressed by the Julian membership function
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Fig. 5. Julian membership function,

Table 5. WA forecast model

Region Time Kind Data
. Weather U, V, Pressure, Temperature, Dew point temperature, Relative
T5 Observation humidity, Precipitation, Solar radiation
data(14)
Air quality | PMgys, Os, NOg, CO, SOz, PMjj
Air quality | CASE4_PMjy
R12 Temperature, Pressure, Relative humidity, Mixed highs, U, V,
'T# Forecast Geopotential height_850hpa, Pressure_850hpa,
(#6~15) data(16) Weather | U_850hpa, V_850hpa, Relative humidity_850hpa,
Temperature_850hpa, Geopotential height_925hpa, U_925hpa,
V_925hap, Temperature difference_850-925
T# . . . .
(#6~15) Date(12) Julian: 12 factor expressed by the Julian membership function
RO1 .. Observation ‘Weather U, V, Pressure, Relative Humidity
~RI0, data10) | Ajr quality | PMas, Os, NOs, CO, SO», PMj,
RI3 T# Forecast
~R1 ; ;
R19 (#6~15) data(l) Air quality | CASE4_PM;
Table 6. Network parameter of forecast models
Input Hidden Hidden Hidden Hidden Output Learning
Model
layer layerl layer2 layer3 layer4 layer rate
Julian 42 21 10 5 2 1 0.009
WA 229 97 41 7 1 0.009
AAE AHERIL, WA cdlnmde FHase] 4 4 MY Zat 9 af
ZAAE 107, dRAR JRE 11719 dFAA=S
M=
AT, oldd FHAde] 17helmz 1874 4 ESEH =T
A7 dEEy, dE i AYd AL Julian A HAHA AR} AFP7EE AP o
a3 U3 42719 IAS ALFPornE F 22 A or mdo FS Hrlatr]) YA
22070¢] A7} e E ek %as} A AF 0L =P ASATE DAE,
2 & 52 AEAY AFE(A: Accuracy)= A
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Fig. 6. Items and methods for evaluating the performance of the forecast model,
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Table 7. Integrated Air Quality Index of PMio
level - ! - 2 - & 1
Min Max Min Max Min Max -
PMo(ng/m®) 0 30 31 80 81 150 151 or more
Table 8. PM10 prediction results of each forecasting model
DNN CASE04
Model Day Accuracy POD FAR Accuracy POD FAR
D+0 84 72 11 74 62 26
Julian D+1 81 51 14 77 66 43
D+2 76 34 25 76 49 50
D+0 83 75 20 73 59 26
WA D+1 83 72 38 78 63 43
D+2 76 70 48 76 46 52
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Table 9. Improvement of POD by WA model

T06 TO8 T12
Date | OBS | Julian | Wa | “49F Date | OBS | Julian | WA | 4P || Date | OBS | Julian | wa | 5P

20190111 91 100 99 128 20190104 107 52 88 42 20190103 107 50 70 38

20190112 | 100 121 108 102 20190111 92 71 101 82 20190110 92 76 83 114

20190113 | 115 97 106 79 20190112 98 75 125 93 20190111 98 67 119 90

20190114 | 180 158 148 180 20190113 135 96 146 169 20190112 135 85 133 157

20190115 | 114 131 133 74 20190114 180 148 162 180 20190113 180 84 149 132

20190119 93 109 111 90 20190118 99 61 86 93 20190117 99 81 130 100

20190128 | 113 83 88 60 20190119 107 83 105 93 20190118 107 73 77 77

20190205 | 120 62 91 90 20190122 85 56 85 79 20190121 85 62 76 75

20190206 92 82 110 69 20190203 120 104 87 66 20190202 120 72 119 65

20190227 86 60 74 65 20190205 107 48 72 82 20190204 107 52 58 71

20190228 | 116 80 102 82 20190206 112 65 109 77 20190205 112 66 132 72

20190301 126 88 106 61 20190224 92 51 85 69 20190223 92 74 73 70

20190302 | 105 88 115 67 20190228 104 60 118 82 20190227 104 80 107 82

20190305 | 180 159 145 121 20190301 131 89 132 76 20190228 131 79 119 62

20190306 | 143 128 136 85 20190302 107 79 103 65 20190301 107 73 62 73

(a) Forecast result(T06) (b) Forecast result(T08) (¢) Forecast result(T12)

Method Julian WA C%;?E Method Julian WA C%;?E Method Julian WA C%;?E

Hit count | 27/38 | 32/38 22/38 Hit count | 14/37 | 28/37 25/37 Hit count | 10/35 | 25/35 18/35

RMSE 29.6 23.2 40.4 RMSE 32.6 19.9 29.0 RMSE 405 30.2 343

(d) Statistics(T06)

(e) Statistics(TO08)

(f) Statistics(T12)
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