KT REACRS F % TS M ALY
ﬁ ﬁ sz (D rﬁ /:ﬂ;\l ‘EE‘,(Z)
P

e IR S SR R+ S P T - R
;‘/Hiwﬁ”iﬁf/'@iﬁ‘/ﬂ*' TR AP W S H S R 8T
PM oI 72 7 10 Bof [OREHRF Yo PMy s(HIE 127 2.5 B [rOgif i Fo i« 4 P e
WS W ~ T SRRV - 1) ﬁ?’ﬁi%’ﬁ?’r I e 4
VI TR PV 10 DM S S R Gl - Ry
SRR Bk B TS50 b = = T ] ﬂwg JEVR I » R s
5 ﬁﬁﬁﬁﬂ~ﬁw’ﬁﬁgrJﬁﬁﬂ%ﬂ%m%[qmkaMﬁqﬁ@rW%IMw
LRGP SR AR (] PMas ™ SR G TR 2 B - HRTR
R LIS - ) PR Y -

(W&t @3 §F~ 47 ~ 48 M~ 17 ~ B isHok ~ PMyo ~ PMas)

A study of relationship among the suspended particles and
meteorological factors at downstrem of Jhuoshei River

Chang-Hai Chien®  Yi-Kai Chen®

Assistant Professor'”, Master Student'®, Department of Soil and Water Conservation, National Chung
Hsing University, Taichung, Taiwan 402, R.O.C

ABSTRACT

In recent years due to the rapid development of Taiwan's economy, the scope of
development has expanded gradually. Some were extended to the river region.
Building the large engineering structures (such as weirs or dams) in the
middle-stream and upstream area has a great impact on the downstream areas. It
even becomes the major source of suspended particles in the atmosphere: PM;g
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(particle size less than 10 microns) and PM;s (particle size less than 2.5 micron
particles). In this study, the data are collected from Lunbei, Taixi, and Douliu air
quality monitoring stations in the downstream of Jhuoshei River. First, summary
statistics are obtained. Then, regression analysis and correlation analysis are
performed on the data to explore the relationship among PM;, (and PM,s) and the
weather factors (i.e., atmospheric temperature, relative humidity, and wind speed).
Regression models are built to explain the variation of PM;y (and PM,s) using
atmospheric temperature, relative humidity, and wind speed as explanatory
variables. Refined regression models are also built by dividing the data into three
groups according the wind speed obtained from fuzzy C-means clustering. Most of
the models increase their explanatory power dramatically. The results of correlation
analysis show that PM ;o and PM; 5 are highly positive correlated. The correlation of
relative humidity and PM;, is higher than the other two factors. However, the
correlation of any of the three factors and PM, s is not very high. The conclusions
may server as a good reference to further of aeolian dust.

(Keywords: Regression Analysis, Correlation Analysis, PM;o, PM, 5)
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A1 AT R

Table 1 Summary statistics of Lunbei Station

F.2 3 f#ﬁ/}ﬁﬁ%}l,ﬂ&?{‘ﬁ}

Table 2 Summary statistics of Douliu Station

PMy,  PM,s IR SRRSO PMy,  PM,s IR AFEREE HR
e it

(ngm’) (ugm’) (C) (%) (wsec) (ngm’) (ugm’) (C) (%)  (m/sec)
45 6827 3668 2345 7652 293 4 66 4203 2492 7292 167
S 38 13.54 2073 72.48 1.56 LY 29.13 2233 2825 70.96 1.6
Flit g 6443 336 2448 77.07 2.6l i g 62.67 39.83 266 7282 156
B 224 11425 3087 9577 9.3 (] 1902 118.74 3363 9391 5.6
fingil 213.04 107.79 2298 6125  8.44 A 17943 11157 24.74 4877  4.54
AR 1084.59 33022 2332 5125  1.66 ARE 97597 403.73 2221  46.87 0.3
RYERE 3293 1817 483 716 129 AR 3124 2009 471 6.85 0.55
R TR 0.48 0.5 0.21 0.09 0.44 A (L 0.47 048 019  0.09 0.33
fpff ek 0.7 083 -052 084 113 fpff el 057 057 -081  -0.03 L5
1% (g 3.28 349 227 5.04 4.17 R (TR 2.83 279 268 329 6.35

R AT e
Table 3 Summary statistics of Taixi Station
PM;o PM,s R SRS RO PM;o PM,s  1HE AESREE RO
ARFE ARFE

(ngm’)  (pgm’) (C) (%) (m/sec) (hgm’)  (ugm’) (T ) (%) (m/sec)
i 53.27 2991 2451 79.26 531 e 742.82  267.62 21.49 48.5 8.01
S 22 16.13 2967  80.96 233 AR 27.25 1636  4.64 6.96 2.83
Fliie B 48.55 2679 2603  80.19 436 AR THY 0.51 0.55 0.19 0.09 0.53
il 156.33 92 30.9 96.43 1636 (&Y 0.83 0.85  -0.83 -12 0.95
it g 48.55 2679 2603  80.19 436 M T 3.33 3.4 2.64 5.89 3.11
il 15121 90.13 2171  55.69 15.41

396



1

7

%

6

—

™
oy

R I AT RO S P L

130

110 -

"’£9O 1

LI -

E350 1

a 30 I I I I I
n O N 0 O O
© O O O O d
o O O O O O O
N N AN &N N N

YEAR

—

(3]

£

S~

240 | ’—A—'
~30 A
=

wn

o

Temperture(C )

ﬁ?ﬂ' 3 PM, & 1 15
Figure 3 Yearly average of PM,

80

70
60
50

20 T T T 1 1

LN (o) ™~ o0 (o)) o

o o o o o —

QR R I .
YEAR

q‘?ﬁ' 4 PM, s & 1 15
Figure 4 Yearly average of PM, s

2011

30

25 - ——M

20

15 - /"

10

5 -

0 1 I 1 1 I
N O N~ (0] (e))] o —
O O O O O «i
OO O O O O o o

Bl 5 AEIE T

Figure 5 Yearly average of temperature

— 90

X

=80 4 ___ —

=

:970—

€ J

260

g50—

:40 L L L L L

L N O N 0 O O

) O O O O O «d «

o O O O O O o o
AN &N N &N N NN

YEAR

6 SRS = T s

Figure 6 Yearly average of relative humidity

7

3¢

L

g€ 4 -

—

T 3 -

(7]

82_\ —

w 1 -

-gO | N I N R B

'§ n O N 0 OO O «
©O O O © O « «
O O O O O O o
N N N N N N N

YEAR

7 e T s

Figure 7 Yearly average of wind speed

=
o N
o O O

PM,o(ng/m3)
S (o)) o0
o o

N
o

T T T T T T T

0 10 20!\)?8N49| 50 60 70 80

q‘iﬁ[ 8 PM,, * |1 15 (il
Figure 8 Monthly average of PM;,

397



2 B SE944(4) 1 391 - 406 (2012)

Journal of Soil and Water Conservation , 44 (4) : 391 — 406 (2012)

N W B U O N
o O O O O O
1 1 1 1 1

PM2.5(png/m3)

=
o

0 10 ZOI\}(QN%?I 50 60 70 80

ﬁ‘?ﬁ' 9 PM, s *| T 15
Figure 9 Monthly average of PM, s.

[oRIN | 0 00 O
Ul O o U1 O
1 1 1 1

(o))
o

0 10 20!\77’8N4TPI 50 60 70 80

Relative humidity(%)
~N
(0]

il 11 AEERE £
Figure 11 Monthly average of relative humidity

=~ FISPE PMyg ~ PMy 5 L3lS5} 55 7

PO EIRVRIENE % S RDRSE VIR
VATV = GORF I A SR EE S A
P} o B a G4 S5 PM o 2 PMys 7 U] FUFTJ
(7

STSERIA A 4 2H 90 ko 4R S
@mﬁ»meﬁ;ﬁJ v e 6 TR T BRI A
BV AR > e 8 TR 9 AL Si A
wi o Hl- BERABEEER PMo BT IRV
PR 1R Ry - [ B PR R (S e

40
35 -
30
25
20
15
10 — T T T

0 10 ZON?SNL'H?I 50 60 70 80

Temperture(C )

ﬁ%ﬁ' 10 5V ]2 15
Figure 10 Monthly average of temperature

[EY
o

ittt ply

0 10 20 &%ﬂ 50 60 70 80

Wind Speed(m/sec)
o N & (@) (0]

q*aﬁ' 12 Ef s [ A5
Figure 12 Monthly average of wind speed

SRBYCTNLI6 7 A A Rl R
Toe RS R G0 2 S R
ot szﬂk 0.25 I') I+ o PM, s I st
[R5 <401 eV U BT okl o S PMuo fEL
LR SRBERIR IR AV £
['i °

PR TR S i
PMo AELEL Y~ 0 387 ~ 878 AV e
PM;o(f5 PMzs)F’LE "lﬁ'rj‘[% o EF1fEN L3a
FFSE R? G 0 R P II IAT -

398



S - HLIY ¢ A

(IFR = ?EU‘P‘]!—’[/F—Hﬁ r—ﬁuﬁgﬁ b SR B

H F,‘Jﬁ'ﬁfdﬂ?r" FUEIEE o

% b 2 ?{fpﬂfé't% FeA I ST o e
W éf[ﬁ'%rgd(%ﬁfﬁﬁ'g,ZOOO; Monn et al,1995;
JHSIEEN1993) » AT Y @%ﬁ%ﬁﬂ‘ﬁﬁi%
NE:) ﬁﬂdrﬁ“jﬁiﬂt—clﬂplﬁ%i}t Sm/S’jEII?F,;(EJ 6m/s Eﬁ
rﬁ“ﬁg‘jﬁi@d’?fﬁgm?“ [ I%xp.j F*]‘U?
ﬁff@ﬂ“%&f PV E (?,’FT?‘. HEET1997) o

Frvnid, - H‘j%'é?\j@“i =% PMo~ PM2.5
]EWFTJI’ » F|[F'] MATLAB ViSRS 55 T’?F}‘[%J,T
}{ﬁ,ﬁmﬁ/ BT A S R A ngﬁfrlﬁ/ T S

AR OB SE 50 QDI Y Tk

ifﬁﬁnﬁﬁﬁj;‘/@ﬁju » E PM o™ PMy s [iU]pil;
WY RS EE] 04 B Ry
PMo B £ T ORERL 5 3 i o8
b T8a #1 T8b ML [IFL 9 - e~
i]zgE3

= ’5 U TE A 3 BRI EapRE
Ry, F'[ﬁlrj;g (SR T RS ]Iﬁ[ﬁ
= OVRERIE T AR T ALY R o
10 fl17 L8a == L8b ﬁﬂﬁ!' G ,5
RS Sm/s TERS R[] 5 z‘fgllﬁ » B R
i m}ﬁlﬁrg i) D8a A1 D8b A1 iyt i ot ]

[ SHAKS Smy/s VERRE D o B SRR LER
[BH 57 B (% [[ﬂlﬁ Ko FlE ;L'Fh el E[L Lﬁ R : HIHJ/ \[ J?—iﬂa
e A FRH + (ERL T8a S T8b 1% iy 2 G
H3 75
J e PP PR A

F 10 BRIV TR 2Hst W TR -

VA H - F AL
=200
£
§ 0
& 1ooo DAY 1500 2ooo 2500
Ezoo
5 0
& 1000 DAY 1500 2ooo 2500
EZOO
3100 Wm
s 0
& 1000 pAY 1500 zooo 2500

[ﬁ[[ 13 PM,y IE = fL:f[’:E[

Figure 13 Daily average of PM,

399



2 B SE944(4) 1 391 - 406 (2012)
Journal of Soil and Water Conservation , 44 (4) : 391 — 406 (2012)

WMMMWMMMMWMWM

1000 pAy 1500 2000 2500

wmwmw e

1000 DAY 1500 2000 2500

B
o n
o o

o

PMz_s(ug/ms)
Ul
o

e
o
o o

o

Ples(p.g/m3)
Ul
o

[EEN
u
o

o

0 500 1000 pay 1500 2000 2500

PM, s(ng/md)
=

[N =)

o o

[l 14 PM2.5 [ 171 454

Figure 14 Daily average of PM, 5

_W““M'WMW

0 5 1000 DAY 1500 2000 2500

Mwmwmm

0 1000 pAyY 1500 2000 2500

I
[e)e)

=N W

ooo
1

Temperture
()

D
o

=N W
[elele)
L1 1

o

Temperture
()

I
o

0 500 1000pAY 1500 2000 2500

Temperture
()
=N W
oJoYola)
1 1 1

15 7% 1 1

Figure 15 Daily average of temperature

400



Relative
humidity(%) _

Relative

Relative

Wind
Speed(m/sec)

Wind

Speed(m/sec)
(€]

Wind
Speed(m/sec)

A OO O
o O OO

100
80
60
40

humidity(%)

100

D
o o

humidity(%)

I
o

10

20
15
10

OrRNWhU

W
3
£

TR ¢ WA BT

R Y

Wwwwwwwwwwwww

1000pAY 1500

2000 2500

ey

T T

1000pAY 1500

2000 2500

mew»wwwwwwmwwwwwww

1000pAY 1500

qgﬁl 16 ﬁ[;ﬁj;:@ Fr i‘%l’ggj

Figure 16 Daily average of relative humidity

2000 2500

MMMMWMMWWMWWW

0 1000pAY 1500 2000 2500
0 500 1000pAY 1500 2000 2500
0 500 1000pAY 1500 2000 2500

i 17 T S

Figure 17 Daily average of wind speed

401



2 B SE944(4) 1 391 - 406 (2012)
Journal of Soil and Water Conservation , 44 (4) : 391 — 406 (2012)

# 4 F‘q’ﬁ’f#ﬂ/ PM, M S5

Table 4 PM;, regression models for Lunbei Station

M v g 1 g R TR
L2a PM]o:211.3-1.87RH 0.17 )hc:[é_:\ %@(RH)
L3a PM10 =66.9+0.10W 0 E’E“lﬁ"l(w)
Lda PM,, = 244.8-1.94T-1.72RH 025 B © s
Lsa PMo = 139.3-2.63T-3.55W 0.13 B
L6a PM;=215.8-1.90RH-1.01W 0.17 ﬁ[;ﬁ?@ N rﬁtjﬁi
L7a PM]O =271.9-2.40T-1.77RH-4.26 W 0.28 iﬂl@ N ﬁ]é—:ﬁ?@ N rﬁ‘]ﬁi

A5 T PMy s RS

Table 5 PM, 5 regression models for Lunbei Station

PR SR A R’ hHREge
Lib PM,5=63.8-1.15T 0.1 1 (T)
L2b PM, 5 = 77.1-0.53RH 0.04  |ffIEREE (RH)
L3b PM, 5 = 45.4-3.08W 0.06 BES(W)
Ldb PM, s = 95.7-1.08T-0.44RH 0.13 W AR
L5b PM, 5 =93.8-1.76T-5.52W 0.25 BISRE N rﬁ“ﬂ
Lo6b PM;5=92.5-0.60RH-3.43W 0.11 SRS - Bl
L7b PM,;5=132.1-1.69T-0.51RH-5.73W 0.29 W AR Cﬁ‘iﬁ

F 6 3] H PMyo eSS

Table 6 PM,, regression models for Douliu Station

P AIBE eILE TR R R’ M=l
Dla PM, = 120.2-2.16T 0.1 % (T)
D2a PM, = 167.5-1.39RH 0.09  |fisfEs (RH)
D3a PM, = 80.9-8.67W 0.02  |EH(W)
Déa PM, = 249.7-2.53T-1.65RH 023 [|ihire - iy
D5a PM, = 163.8-2.79T-16.67TW 017 [ - s
D6a PM,, = 181.9-1.39RH-8.65W 001 |frERE
D7a PM, = 302.0-3.22T-1.72RH-17.88W 031 [tk AR R
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Table 7 PM, 5 regression models for Douliu Station

T AR P R’ AR
DIb  |PMys=77.1-1.39T 0.1 V% (T)
D2b  |PMys=95.2-0.73RH 0.06  |fisfigh (RH)
D3b  |PMys=57.59.04W 006 [rsmw)
D4b  |PMys = 146.9-1.59T-0.89RH 0.19 g « fpishs
DSb  |PMys=1154-1.95T-14.63W 023 g - e
D6b  |PMys=110.2-0.72RH-9.03W 0.1 | «
D7b  [PMy5=191.6-2.19T-0.95RH-15.30W 033 [

* 8 ’F’\IPMIT’!TJ/ PM, o M S5t =

Table 8 PM,, regression models for Taixi Station

PO R PR R’ SRR
Tla PM,o=121.2-2.13T 0.1 R (T)
T2a PM,o = 134.9-0.94RH 0.05 1SR (RH)
T3a PMo = 88.1-12.66W 0.04 BESH(W)
T4a PM;, = 227.8-2.57T-1.32RH 0.19 [ - Aishs
T5a PM,o = 154.9-2.39T-16.35W 0.17 W~ gl
T6a PM,o =155.2-0.93RH-12.57W 0.08 HISREE - Bl
T7a PM,o=265.4-2.86T-1.35RH-16.92W 0.25 WS~ HIShet ~ il

*.9 7 [*ﬂ“[/ PM, 5 3SR A5 =0
Table 9 PM; s regressmn models for Taixi Station
=it PR R? HE e
Tlb PM, 5 =75.7-1.28T 009 [T
T2b PM, 5 = 73.6-0.42RH 0.02 fI%R% % (RH)
T3b PM, 5= 63.4-12.27TW 0.09  [EiH(wW)
T4b PM, 5 = 127.8-1.50T-0.65RH 0.14 B AR
T5b PM,5 = 105.8-1.52T-14.61W 0.21 AN
T6b PM,;5=93.3-0.42RH-12.23W 0.11 ﬁlé'—’ NELE AN 'ﬁ‘ﬁ
T7b PM, s =160.8-1.75T-0.68RH-14.89W 0.26 L ﬁl%’iﬁ“% N 'ﬁ‘ﬁ
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210 (RS R R
Table 10 Regression models classified by wind speed

i g e R’ S
PM;,=275.3-3.38T-1.12RH-17.18W 0.27 0.69 <= W <=2.66
L8a PM;, =278.8-1.96T-1.95RH-6.20W 0.31 2.67<=W<=441
PMy, = 233.1+0.12T-2.67RH+6.00W 0.44 442 <=W <=9.13
PM,s=153.6-2.01T-0.49RH-12.33W 0.25 0.69 <= W <=2.66
L8b PM,s=130.7-1.38T-0.59RH-6.21W 0.26 2.67<=W <=4.41
PM, 5 =95.3-0.59T-0.77RH+0.66W 0.35 442 <=W<=9.13
PMy, =290.0-3.34T-1.43RH-23.13W 0.29 0.62 <=W<=1.55
D8a PM,y=266.3-2.94T-1.37RH-16.20W 0.27 1.56 <= W <=2.37
PM,p=222.1-1.49T-1.71RH-3.45W 0.39 238<=W<=5.16
PM, 5 =178.4-2.08T-0.79RH-16.95W 0.25 0.62 <= W <=1.55
D8b PM, s =157.8-1.79T-0.66RH-14.01W 0.24 1.56 <=W <=2.37
PM, s =118.6-0.86T-0.73RH-4.93W 0.3 238<=W<=5.16
PM;, =246.61-4.08T-0.82RH-6.78W 0.3 0.95<=W<=4.73
T8a PM;,=149.43-0.41T-1.04RH-0.63W 0.12 4.74 <=W <= 831
PM;, =215.89+0.35T-2.24RH+0.63W 0.4 8.33 <=W <=16.36
PM, s =143.36-2.66T-0.33RH-5.01W 0.31 0.95<=W <=4.73
T8b PM, 5 =72.94-0.53T-0.31RH-1.00W 0.05 4.74 <=W <= 831
PM, 5 =98.55-0.33T-0.77RH-0.47W 0.24 8.33 <= W <=16.36
A 11 HFTHER] ;‘/ﬁ'%ﬁ%ﬁf‘ﬁl F 12 3] HeR ;‘/’FE'%%%CE[@

Table 11 Correlation matrix for Lunbei Station Table 12 Correlation matrix for Douliu Station
PM,y 1 0.846 -0.299 -0.412 -0.047 PM;, 1 0.95 -0.35 -0.283  -0.192
PM, s 0.846 1 -0.253 -0.243  -0.257 PM, 5 0.95 1 -0.32 -0.214  -0.266
AL 0299 -0253 1 0.178  -0.401 e 035 -032 1 -0.079  -0.209
ﬁ'?ﬁ%@ -0.412 -0.243 0.178 1 -0.116 FEIE 5}"@ -0.283 -0.214 -0.079 1 0.014
rfl“ﬁ -0.047 -0.257 -0.401 -0.116 1 Ee] -0.192 -0.266 -0.209  0.014 1
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Table 13 Correlation matrix for Taixi Station

o PM;, PMps H%  HIEREE El
(ngm’)  (ugm’)  (C) (%) (m/sec)
PMjq 1 0874 -0278 -0340  0.075
PM, 5 0874 1  -0260 -0.183  -0.075
A 0278 -0260 1 0.145  -0.503
SRR S | -0.340 -0.183  0.145 1 -0.187
el 0.075 -0.075 -0.503  -0.187 1
P~ AR A
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