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Analysis of Aeolian Dust Incidence using Bayesian Belief Network

Models
Yung-Chieh Wang!**  Yu-Hsuan Cheng Chia-Chuan Hsuf?

ABSTRACT Multiple factors influence the incidence of aeolian dust, including dust sources, driving forces, soil and
land surface conditions, and human activities. This study investigated these influencing factors and their interactions
and considered the uncertainty among these factors to effectively predict the incidence of aeolian dust. In this study,
we focused on dust incidence in the downstream area of the Dajia River, Taiwan, and collected various types of data
(i.e., weather and air quality monitoring data, high-resolution land data assimilation system, HRLDAS, data, and satel-
lite images) to construct Bayesian belief network models for predicting the PM;, concentration. The PM,, concen-
tration of 125 ug/m3 was set as the threshold, and was discretized into four levels, in the two proposed Bayesian
belief network models, respectively. The cross-validation and testing of the models revealed an overall prediction ac-
curacy of >97% and >86% for river dust incidence and PM1o concentration, respectively. The results suggest that the

207

models can produce accurate and credible predictions of the river dust incidence and PM;, concentration.
Key Words: Aeolian dust, PM1o concentration, Bayesian belief network, Incidence analysis, Dajia River
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Table 1 Aeolian dust factors and the research data in this study
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Table 2 Discretization of the research data
RN R
AT S1 S2 S3 S4
+iEE (°C) 22.70LLF 22.70~25.13 25.13~28.42 28420
TEEEKR 0.22D1F 0.22~0.29 0.29~0.33 0.3324 1
HR bR R A 0.14BLF 0.14~0.2 0.2~0.33 0.332L I
HHEERE (%) 770U 77~82 82~88 8811 I
JEIE (mis) 1T 1~1.4 1.4~1.9 1.950 F
FoB (°C) 19D 19~24.1 24.1~27.6 27.6LL F
JeE ] 0~90/& 90~180/% 180~270/% 270~360/%
[ (mm) 1B 1Pk -
HEHERE (ha) 3L71LLTF 31.71~68.14 68.14~81.72 81.721) F
HEER (%) 139D 13.9~54 54~76.6 76.6LL F
PMl%%(/jfg/ms) 80LL 80~100 100~125 12500
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PM, o JRJEE /J\Eé‘lZ(SP)#g/W EISMTPR (BEETEFNR FS3 | FRPM, o 2114 100 £ 125 ug/m3 > 1fj ©S4 |, FoR
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SN B EERF AR ME S rsE SR a0 4 o » RZEAT
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THORKE - NDVI > HIRRBEEENR > e H IRRE - M

PIRBERE S A 05 - £ KRS+ HEE - NDVI £ HIRORPMyo /1 125 ughm” 2 TEHERSTS 99.79% IR
EEKE RSSO - SRS E KR | B PMao REEAI 125 g/ 2 [EGE4SFS 62.26%  BERRIERE:FS
R\ B BB - PRI A KR « MR - EEHE 97.41% - BUR B IR RE A TN RER T H 2 33 4%
PRSI - FURSE - FRIGRUEEHE I 03 £ 05 2 e

RS o [ HE2RE NDVI ~ Bl » FEpBH R « 208 - EUA - & PMuo RIS R Z R E BB (RRRE 2  B e
R B - H I B B R BT AR eI PMo JRESY 4 + B S1- 2 S3 -S4 535
HEA PMio JEFEBLZ R T- 5 2 p <0.05 > BEEAAR - H#l 80 ug/m® LUF ~ 80~100 pg/m® ~ 100~125 pg/m® ~ 125 pig/m? L
NDVI ~ T35 /K ~ [0 ~ SFOR - AR 55 2 b & A bz s il B R ARSI AR - HEERAI% 6
B - Fim o B 32 WERREE R > Sy ARERERE Fy S1 ¢ 98.73%

$2:60.81%- S3:61.32%- S4: 62.26% » FLAS [F R 87.01%
SERGE T ST 4R IERES By S1 1 99.12% ~ S2 : 60.90% ~ S3 :
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Table 4 Spearman's rank correlation coefficients of the aeolian dust factors

BT F1 F2 Fs Fa Fs Fe Fz Fg Fo Fio Fu1
F1 TR 1
Fa TS KR .391%* 1
Fs NDVI 691%* 402* 1
Fs THERE -.228** 191 -102% 1
Fs JER -346%*  -211*  -218*  -103* 1
Fe ShEES 212%* -203*  0.039  -637*  0.025 1
Fs ol 941** .366* 688*  -289*  -322%  257* 1
Fs [ A410% 221* 270%  -203*  -135%  .114* 440% 1
Fo [E355] 0.039 460* .233* A456*  -066*  -521*  0.003 0.039 1
Fio M E -427* -287%  -230*  0.022 .155% -0.02  -315*  -121*  -063* 1
Fu H 5 KRPM, o 2 fE -.357* -424* - A46*  -081*  -096*  .166*  -376%  -272*  -400*  .155* 1

** Ep <0.01FFE/KHAE > Ep <0.058FE KA -
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Fig.2  Bayesian belief network of aeolian dust incidence
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Table 5 Confusion matrix of aeolian dust episodes prediction by the Bayesian network model

FEHIE TN M
FANE ANA125(ug/m?)  KF4125(ug/m?) SYUERER  NR125(ugm?)  KF4125(ug/m?) SYRIERER
/N 125(ug/m?) 3756 7 99.81% 944 2 99.79%
KA 125(ug/m?) 97 160 62.26% 24 34 58.62%
BRGENER - 97.41% - 97.41%
7 6 HEKMISIEN PMwo BE M LTEAIZ R /ARERE
Table 6 Confusion matrix of PMio concentration level prediction by the Bayesian network model
FESHHE s I
BLE s1e S2¢ 3¢ S4¢ SURIERESR s1e s2¢ S3¢ S4¢ S URIERER
S1¢ 2728 19 15 98.73% 675 3 3 0 99.12%
S2¢ 229 377 11 60.81% 56 95 4 1 60.90%
S3¢ 106 38 233 61.32% 36 63 57.80%
S4¢ 48 19 30 160 62.26% 11 6 34 58.62%
RS IFRER - - - 87.01% - - - 86.35%
“S1 ~S2 ~S3 -~ SA5yRIEHEAPM, o 80 ug/m*LLT ~ 80~100 ug/m® ~ 100~125 pg/m® » 1125 ug/mLL_E o

M5
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SIMTEEIR > B RN R EE R B H fe KPMy o R 2 1E
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FEPR ~ SRR ~ IR - RIEASE - IEEEREDURIEH 2 45
AR RS AR -

Carmichael(1996) 5 tiZ= 5 PM, o 2 [ 2 R EI L (LR
B> XFPM o REHBE N E S - APTFEERAFZ RIS
R - BATEA S Ry 0~90 & (B 2 fJayq S1 %%
&) - PMyo s ERER RS Ry 180~270 & (##%

[

2 HhfE A S3 FEAR) » PMy o i fERIE » 76 H i APM, o it B
JE\A 2 EAERE 2 Bt o HAMARN T RES ~ FErRDEE
RIIPM ;o R 1 > IRFFEEE TR (1996) BHREZE RaE R H
UEEREZ 3 iréE R - T3 E/KES - NDVI {E S SR E A
ETE(E A RS » v BT R AGEE » RIIPM o B
{& (Lin and Yeh, 2007; Qian et al., 2007; E&{5% » 2018) -
B H K PMao JREARRA MR = Ry B B b= S A S
B~ TEEEUKER - fIH RAENE - It 3 THEF T EER ML
JBRERNR 2 ARRE  BHILHR] > 72 L&k R A #E nl 151
LB |5 RES AL BL R N B TR T - Eorf NDVI RER RS
HIRRZZR SORTAEAEERE ) 1A /KE A2 T hE
R BEMREE ) HEERE T — 2SR R RS
I e BARRMHENRE S > 22 RVK R Rk E &3
SRR R - PRI PMao JELFE BSR4 2% o
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