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Development of a Deep Learning-based Midterm PM2.5 Prediction
Model Adapting to Trend Changes

Dong Jun Min® - Hyerim Kim'" - Sangkyun Lee'"

ABSTRACT

Fine particulate matter, especially PM2.5 with a diameter of less than 2.5 micrometers, poses significant health and economic risks.
This study focuses on the Seoul region of South Korea, aiming to analyze PM2.5 data and trends from 2017 to 2022 and develop a mid-term
prediction model for PM2.5 concentrations. Utilizing collected and produced air quality and weather data, reanalysis data, and numerical
model prediction data, this research proposes an ensemble evaluation method capable of adapting to trend changes. The ensemble method
proposed in this study demonstrated superior performance in predicting PM2.5 concentrations, outperforming existing models by an
average F1 Score of approximately 42.16% in 2019, 58.92% in 2021, and 34.79% in 2022 for future 3 to 6-day predictions. The model
maintains performance under changing environmental conditions, offering stable predictions and presenting a mid-term prediction model
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that extends beyond the capabilities of existing deep learning-based short-term PM2.5 forecasts.
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* 55 Regions Covering Areas in China
« 19 Regions Covering Areas in South Korea

Fig. 1. Location of 74 Input Regions
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Table 1. Feature Information of OBS, FNL Data

Category hPa Lv. Feature Name
Meta Info - WEEK_NO_KR, WEEK_NO_CN (2 Variables)
OBS Weather surface U, V, WS, PA, TA, TD, RH, RN (8*74=592 Variables)
Air Pollutant surface PM10, PM25, 03, NO2, CO, SO2 (6*74=444 Variables)
Total 1,038 Variables
Wind & Temperature {500, 700, 850, 925} hPa us vz WS_*(SSZ:;#BA%S RVIi_r;bCITeEs())H_*‘ DGH24.*
Average Deviation in Weather {500, 700, 850, 925} hPa A?A\IID_\IIJ:R*H[_XPg&iGggZI__Y%:@é?:\;—gg{VJ;EZEE;E)_*
FNL Vorticity and Pressure Change {500, 850} hPa DVOR24_* AVOR_* (2*2*74=296 Variables)
Temperature and Humidity Indices 850 hPa DZDT_850, EDI_850_Td (2*74=148 Variables)
Stability Index 925 hPa Ri_925 (74 Variables)
Boundary Layer Height surface PBL_H (74 Variables)
Total 5,032 Variables
Target PM2.5 of Seoul Region
Table 2. Feature Information of WRF, CMAQ Data
Category hPa Lv. Feature Name
Surface Weather surface T2, PSFC, U10, V10, WS, PBLH, GEOH, RH (8*74=592 Variables)
Upper Air Weather {500,700,850,925} hpa | U_* V_* W_* WS_* TA_* RH_* GEOH_* (7%4*74=2,072 Variables)
Geopotential Height Change {700,850,925} hpa DGH24_* (1*3*74=222 Variables)
WRF Vorticity {500,850} hpa AVOR_*, DVOR24_* (2*2*74=296 Variables)
Temperature and Humidity Indices 850 DZDT_850, EDI_850_Td (2*74=148 Variables)
Stability Index 925 RI_925 (74 Variables)
Total 3,404 Variables
Surface Concentration surface PM10, PM2_5, 03, NO2, CO, SO2, PMC, SO4, NO3, NH4, OC, EC
(12*74=888 Variables)
CMAQ Upper Air Concentration {500,700,850,925} PM10_*, PM2_5_* 03_* NO2_* CO_* SO2_* PMC_* SO4_*,
hPa NO3_* NH4_* OC_* EC_* (12*4*74=3,552 Variables)

Total

4,440 Variables
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Fig. 2. Daily Seoul Region PM2.5 Data Analysis with STL method Result
Table 3. Seoul PM2.5 Data Statistics
Year Normal Date Bad Date Mean Std Min Max
2017 285 80 24.66 14.11 3.99 93.56
2018 289 76 22.81 15.33 2.72 99.48
2019 290 75 24.67 17.96 3.34 139.96
2020 293 73 21.02 12.26 1.86 74.33
2021 312 53 19.73 14.68 2.25 99.57
2022 313 52 18.28 11.85 2.09 93.27
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S

|AIFe] Zol7} th27] wjiZo|t}. OBSet FNLH|OJE A Ex=
MEZQl Inception ZES AXH HAARS 514 =}
£ 2492 PCAE F3) A4HE OBS, FNL, WRF-CMAQS]
ALz, T fp, T, YYPog vt g, T T gy
} B9 Inception EES I3} FNL dlo]E& &Y
|7o] OBS Hlo|E Er} oA B¢l EQIE =7} OBS H
olg| Kt} 2717F Aok, AA| 1 &S st xp,0] Y
&= Inception EEY] feature map= OBS FAE A9
Inception =& feature map? 2719} 1x1 TAF LEHE At
29 &2 37] o) ZF29] Inception RES Az
E2 sluE A&(concatenation)st .=
= 2,2 AE Bdo| BHsH= D+3~D+6 A&5YY 15
] dolel 18 ZRIER AgHt 2, 2,4, STH=
A=) z,,,& WHEL F 7N A A2 F(Fully Con-
nected Layer)& AA &=}

MSIGNet-> 71& PM2.5 @7] 9IS A [7, 1310014 A<t
H CNN-LSTM 25 A&st 8 4449 & F7
GRU (Gate Recurrent Unit)[22] LayerE 37F3F F+%o|t}.
MSIGNetL& MSINet 9] T, *=
GRU Layerg A4 F 719 %’ﬂ ?‘i@ < AA

Z351th, MSINet2ET MSIGNet REHEL & 2
‘IJFE} I Ee 7 HEE 24T & itk BdE2
ol Wt 39 Be EF RdE 4T 5 2

ox
M r

T

N

o o
N

N

feature map =

B A3 ARgH & nd2 B3 (classification) Z@T}
3] H(regression) LA Z TEE & Qit, EF 2E2 nj) o
29 15419 2uAHA] d&5559 g2 YEH 39
g2 b o&5d 1549 2uNEA & A& HE
Wt 2E 2do] HH3 duE]E&o 2 SGD (Stochastic
Gradient Descent)5 AFEH oM, E4 gh42e A5 nd2
o] w2} AE &1|(Binary Cross Entropy; BCE) 2A3t4-5
39 Zdo] AL rﬂoﬂ‘ﬁ]*ﬂgi}(l\/{eam Squared Error; MSE)

e ARG Bl 29 B, S0 wet F HA &2
d7 31E A& 5 Aot 4 mdYL2 VMSEcls, MSI-reg,
MSIG-cls, MSIG-reg2 g},

ShgE 2d A5 H7l= A& (Probability of Detection;
POD), 288 (False Alarm Ratio; FAR) 1|1 o] 9] X3}
HH4o7 A= Fl Score Z]:Ti":': ARE5H3EE. PODE
Equation )& WE2H A4 ‘=52 A& 435 gvht &

At=AE HeEPHH 100%)el 7}%5—.& A0l £
B FAR:= Equation (3)— 2 2ol =9l MES
FFog AR dEgt vleS UehiH A7 248 A

5°] il & 4= Aot F1 Scorex= Equation (4)2} 2ol POD
9]' FARS] z3}gtolH 19 7WEE 2 45= Eolth
= 1A BEhE2 shEHolE o] tiste] 3-fold WA
Z(Cross Validation; CV) 2.2 27§9] st&dolE folde} 17K

| 4Fold | | 14Fold

Validation

| 14Fold |

| Test data l

Fig. 3. Forward Chaining based Ensemble Method

o] AZYolg fold2 A% W7l A sto|mutaiu|g HYLS
st
True Positive

POD= True Positive + Fal se Negaitive @

FAR = False Positive 3)

Fulse Positive + True Positive

PODX (1— FAR)

F15core =2 X POD+ (1= FAR) (4)
3.5 Forward Chaining based Ensemble
Forward Chaining based Ensemble(#CE) 71582 MSINet

I MSIGNet-Z EFet= F7] oS REE F4E 0] glor,
Fig. 339 Zo] Validation¥} Test F @AZ o]Fo]A i},
Validation @7l B7tElolEo] s A5 AIF 7I& 7HY
< PM2.5 2PES A 7T AIRRE 149 A 1A Hlo]
E7H4] A% HlolH & AMERITE IA 149 HlolHE HF
olf & &85l d& A WFCE 1T Y] g 4
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Table 4. Experiment Environment Specification

experiment tool version
oS Ubuntu 18.04
GPU RTX 2080ti
Python 3.7
PyTorch 1.7.2
sklearn 1.0.2
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