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Abstract

Taiwan's air quality has been an important issue in recent years, and the most
important factor affecting air quality is fine particulate matters(PMa.s). Air pollution,
including aerosols(PMz1o), sulfur dioxide(SO.), nitrogen dioxide (NO.) and carbon
monoxide (CO)and Secondary Aerosol. In addition, meteorological factors such as wind
speed, temperature and relative humidity are related to the level of primary aerosol, which
will also affect the concentration of PM2s. The purpose of this paper is to estimate and
predict the PM2.s concentration at the Mazu monitoring station. There are many missing
values when using the EPA air quality hourly monitoring data. First, use the Back
Propagation Neural Network to fill in the missing values; Secondly, the Autoregressive
Integrated Moving Average with Explanatory Variable Model(ARIMAX)is used to
estimate the regression parameters and the out-of-sample prediction. Finally, the pollution
reduction simulation was carried out with an average reduction target of 18 ug/m®. The
empirical results show that: (1) the predicted performance of the ARIMAX model, Better
than the Autoregressive Integrated Moving Average Model (ARIMA). (2) PM25, PMyo,
NO, and CO in the first phase will deteriorate PM2s. (3) During the northeast monsoon
period from October to December and March of each year, the average value of PMa2s
reached 23.824 ug/m?; it was significantly higher than the average of other months by
17.839 ug/m?, and there was an additional 2.098 ug/m?® during the day. If the sample
average is 20.823 ug/m?3, it is found that the foreign pollution in Mazu area is between
20% and 29%. (4) According to the estimation results, we find, on average, the reduction
of PM2s from 20.823 to 18 per hour mainly depends on the improvement of primary
aerosol (about 98%), and followed by CO, NO, and SO..

Keywords: Fine particulate matters ~ Predictive evaluation ~ Missing values ~ ARIMAX

model ~ Abatement simulation
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01 % j BASIE A E > B0 MR R B R PP TR
Moo~ ez i
g A

N : goed <2 Bio
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FZ &  FTHEHEL

By 2

— B ETERETERGEP T A S (D)RERIZZAP 2 Q)ER T
BoRhm T &R I P BT HIp A AT TRI TR P ¢ 45:(1) R F i (PMz2s) 5
()% iAok (PM1); (3)F5F 4+ (S02): (4)- § 54 (CO); (B)F § 4 (NO-
NO2); (6)5%% (O3); (7)h » (WD); k :# (WS) 2 4p /B (RH) &35 iR 2
BRPNF AT ETZ RET (D) F TS e iFaok(PMas) ~ &0k (PMao) »
3 F(SO2) ~ = ¥ % (NO2) ~ - ¥ #(CO)2 F & K FHK(EN) : (2 F % F]
bt (WS)~ B R(AT)2 ApHIERRH)® » 27 A~ 23 N F -
~ HH E

It A R R ARSI TR s 2 RS FAS LT S LR

(Stationary State) = 2£- z_ik (Non-Stationary State) » 2 ;-2 ARIMA £ ARIMAX z_ #

I

I

4y

|

F# = (Integer Order) o #_fs & 22 fi T4 £ %) a3t T fa chpF B 71 & 3 5P

ElLaI BIFE T IO82 B E AERT P2 it ¥R o b R
Bl iofe 2 SR ELFFRT D] En FH ;Zp”*‘q‘ifl’ﬁ £ #:% # (Random

Walk) |28 > 2 22T PR A7 » P REE T AT ol A7 TR
¥ @ * e 2 §_H 124 2 (Unit Root Test) - Random walk fdp > A kg B REE
Fla AR RT - it > B 4eT
Yi—pYi_1te 0 & & - 9 wkF (White Noise) 2
R U & B Hep=1( s > & E19) > $ 2 Bk Hyp <UL > 7 X E9)>
¥R E e
Y = Y=Y — Y+ & (3)
HOLUERE
Ay=ry; 1 +& r=p-—1 (4)
W AHp=0(2- % fh - & H49); Hyip <O(RfE > 7 & H9) > 287V L3 5 2
i B 7] > 2 % Dickey-Fuller(DF)# z_ -
#a N(4) 2 DF # %0 e /LA JRIES o Frit o 23] » AYZ 3§ (GEB) Y

o ™ HECK * H AR 25 4 = Augmented-Dickey Fuller(ADF)# < % Phillips &
13



Perron(PP)¥: =_> # ¢ ADF # %' 2. DF ¥ =_{ % ~

Monte Carlo ;2 ¥t % % &7 » ADF 2 PP ¢ ¥

{ £ #& =4 - Schwart(1987)

TP AT R e T

BAE A e BT H R R B ADF o RESeEAER B T

ADF # z_ 35 3\

P Rl B LA iF e

- -

Lo B

A

23 BRI fops B ARSI (TR ).

AYt=th_1+Z]p=1 Bi AYi_jte

2. 3BT RFEAER Q)

RRGIE AL 1S

AY=ay + YYt—1+2]p=1 Bi AYi_jte

3. F BT Ao AR (TR 2.

AYi=ag + VY g+at + X5 Bi AY,_j+e

d & 3197 it LT RO FR R (AT)E2IRA(RH) > &5 B Rk
M B R (AT)
# §E3E fops 7 A8 %058 <0 ADF & 9% > 02 5
% 20 2 ARIMA 2 ARlMAXU;;_f@r? = G

]“"Kg:ﬂ;q i

 ARIMA(p,0,9)2 ARIMAX(p,0,q)

7031 H94% 7 4

R S S ST
ADF & %7 4~ 3 2 fb & L&

# ";Q’]An%\—q-ll} :&)Kl ]?Fﬁ*q’éaﬂﬁmﬁﬁﬁ&ﬁ‘]'
gRR(RH) S8 3 73
12 AT R PER B 5 o

% ¥ T T T -
PM2s -4.290™" -9.821™  -10.204™
PMyo -3.102" -9.666™"  -10.372"
SO, -3.1917"  -12.578"" -12.587
NO: -5.0997"  -10.740™" -10.904™"
CO -3.155™" -7.600" -7.6677
WS -4.399™"  -17.560™" -17.566""
AT -0.777 -2.939™ -2.710
RH -1.020 -10.003"  -10.005™"

14



4% 3-1 9% 2 & (%)

®ic T T s T
DWS -19.492™  -19.491™"  -19.489™
DAT -16.893""  -16.893"" -16.967""
DRH -18. 609*** -18.608™" -18.606™"
IR R Ll & o B 10% ~ 5% 1%EF o

Fra fBEAS
- ~ PM2s 2. ACF £ PACF % 47

ARIMA i3] d # § T 32i 42(Moving Average processes, §f - MA) ~ p #tit
i A2 (Autoregressive processes, ij - AR) 2 ik % £ i #z(Integrated) = B 384 A o
A S 3-4)7 14T 0 X2 Rl s 2 B &4 F ie 7 £ 4 (Difference)
T 1=0 o ftcAE 4 58 A A 4p B Sodic(Autocorrelation Function, ACF) 2 i 24 4p
B & #c(Partial Coefficient Function,PCF) » ¥ i 2 i 3 AR(p)%2 MA(Q) * ¢ R 3-4 ¢
T & ARIMA 312 ARIMAX 53] 2] %2 F d 3 AARIMA(L03) 2
ARIMAX(1,0,3)7 » % B it fieif

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

0.814 0.814 17.991 0.000
0.639 -0.073 29.559 0.000
0.495 -0.011 36.845 0.000
0.343 -0.119 40.520 0.000
0.157 -0.211 41.329 0.000
-0.013 -0.115 41.335 0.000
-0.122 0.008 41.880 0.000
-0.234 -0.129 44.008 0.000
-0.324 -0.057 48.364 0.000
10 -0.375 -0.042 54.638 0.000
11 -0.429 -0.162 63.460 0.000
12 -0.436 0.009 73.328 0.000

/

= ] =

OCoO~NO G A WN =

e

’—||—|l_|,_‘

il

B 3-4 p AdphE S B ik p A4 M SR

" ARIMA 2 ARIMAX z_ 7 £ 78 » & Z i v w5 £ 2 (White Noise)Q# % *~~ ¥ #H % %
El?? ’ _EJ‘IE'I'IE:IE_‘O
15



- ~ ARIMA(L,0,3)7% if
A F A S A 5 5 80 ARIMA 2 ARIMAX > i (] 3-4) Ffgri s

= \» v .

7 9 B #4+ 5 CARIMA(L,0,3) 2 ARIMAX(1,0,3) » # iw §
ARIMA(L,0,3)it 7 5%
PM25=B1PMas(-1)+ B2 &_1+Bs E_ptPa Ee_gtPot &t
= - ARIMAX(1,0,3)z i

ARIMAX(1,0,3):% f# 5%:
PM25=B1SO2+B2NO2+p3CO+BsWD1+BsDWS+BsDAT+7DRH+BgEN

+BoENDAY+B10PM2s(-1)+ 11 &1 +P12 E_ P13 E3HPot & (9)

(8)

16



Yri Freroidsm
-8 FTHELAH

by

3 1

ﬁ

o

(

E*:

—_ N

)
e

~

B &R Rxb 2018 £ 017 01 p OFF 0 A 423 2018 & 12 7 31 p 23 p&
50 A ik ehim g 5 Mok (PMas) ~ B 5ok (PMo) ~ = § 1 £2(S02) ~ = § i § (NO2) ~
- § " (CO) ~ £ & m s FH(EN) ~ b # (WS) ~ £ & (AT) ~ p 52 R (RH) % & /|
PEF A AR > RN A 4L P o

%\' 4-1 /A}t iﬂi l‘fu’éJ‘ %\'

RU(FRE ) Tl il R Bl L

PM25(ug/m?3) 20.823 19 158 1 11.496
PMao(ug/mq) 44.720 40 273 9 23.329
SO2(ppb) 2.603 2.5 21 0 1.065
NO2(ppb) 4,656 3.8 35 0 3.674
CO(ppm) 0.228 0.21 1.72 0 0.133
EN(10 * ~3 7)) 0.499 0 1 0 0.500
WS(m/sec) 2.285 2.1 22 0 1.514
AT(°C) 21.600 23 32 3.7 6.425
RH(%) 82.580 84 96 37  10.355

B AL R TR TR Y 0 1 PMos 2 b 0 A7 W (8 A0 365 % AT 30dcE
320823 &P i=#c 19 WA 1823 ot TSRS A o @ AL E S 158 &2
Bl ELIRAp L E e L P50 11496 @ T4LY s o B x B b B4R
B A S RFAOR(PM) » XM Fh P 2 F 8 m % E(EN)T 5%k 0499 >
FEFHY 40.9%5%F At F&(L0 P ~3 7).

S ERBEFFLIEMERT

A2 FEAE T Rl BFE S ATHER RS RQ)T S EESEEN
AEREDH QAN FR P L9 X pFE DEN(08:00~17:00) ; (3) 2 i b T FIPFE
DTR(07:00~09:00 2 17:00~19:00) ; (4) 7 F¥ p& £ DIN(02:00~08:00) ; % (5) ek w
KT ZWDLGhws A4k 2 mistliclice & RO FR niRFHEDM > 4o

% 42 i

17



%42 BBEFF AR T4

PE B EN ENDAY DTR DIN wD1
L4 d 1 0 1 0 1 0 1 0 1 0
PM,s 23.824 17.839 22.047 19.949 20.854 20.813 20.299 21.039 23.453 20.669
(25.219™") (25.219™)2 (8.412")2 (-2.802"")2 (4.809)
PMy  51.358 38.118 44.993 44525 45.183 44565 43.310 45300 48214 44515
(27.650™")2 (27.650"")? (0.934)? (-3.615™) (3.881™)°
SO, 2482 2723 2738 2506 2687 2574 2549 2625 3.052 2576
(-10.648™) (-10.648")2 (9.899"™)2 (-3.071™)2 (-92.638™)
NO, 5613 3.703 5069 4360 4.772 4617 4753 4616 6.870 4526
(25.177")° (25.177°)2 (8.756™)? (-2.517) (11.369"")2
co 0295 0160 0.244 0215 0236 0225 0220 0231 0210 0.229
(55.240"")° (55.240™")3 (9.850"™)? (-10.848™) (-3.232™)2
WS 1972 2597 2318 2262 2292 2283 2077 2371 2586  2.268
(-19.770")2 (-19.770")2 (17347 (-8.411™)? (4.2477)
AT 16365 26.806 21543 21.640 21.643 21585 21.023 21.838 24.534 21.427
(1130.302)2  (1130.302™)? (-0.486) (-5.494™)2 (13.973")2
RH  80.096 85050 82.418 82.696 82.247 82.691 85.078 81551 87.031 82.319
(-23.039™)2 (-23.039™)¢ (-1.222)? (15.540™) (11.899™)

i a iR % 8 #icH F Satterthwaite-welch t-test -

d % 4-2 %77 > (DA Zh (EN)E PMos ki » 47 » EN=1 p¥ 5 23.824 &
F A EN=Q 17839 v x FE il 2 T h DEN=1pF 5 22.047 > F th~ B ¥
% % DEN=0 p¥¢119.949 ; 2 > & T35 208234 s » AR FTAL (AL FTh
R )¥H PMas 2 § }}% B B i 28.747%[(23.824-17.839)*100/22.047 + (22.047-
19.494)*100/22.047] - (2)% '+ PM1o % 247 » EN=1 p¥ PMyo % 51.358 + ** EN=0 p*
138118 £ B { %% % ; m DEN=1pF PMio 5 44.993 F #:+ & 3 *> DEN=0 p*
744.525 > 35 o B B o 3)g R FF LB KfZdr > PIERAPF 2 7% ©

BAZ F S ERE 2018 # 01 7 01 p4=1 2018 # 12 * 31 p o chlmfd ¥
Mok (PM2s) e 7 T8 ~ 4o Bl 4-1 ~ Bl 4-2 2 Bl 4-3 Ag o1 > A B3P 4o !

18



v s PMs e T 3505 > 7 12 F 01 2018 & mi Mok ik R R BB L
AER D (101 ~3 1) PMas R RAKAER Tk @ F o BALY B o B
KA PMasik R A R K enF o R BlY B TR G OESCTE D Q0

4 x BRE B A

Welch F-test=
263.038™(P{E=0.000)

1 2 3 4 5 6 7 8 9 10 11 12

Bl 4-1PMzs " L3501 st o &

35

30

25

2

o

=
(€]

s
o

[62]

o

@ B AEsE PMos e# p TiaEw —?1 41 2018 & i ik ik B S R LT
'Ehéf7§;§£ °

Welch F-test=
18.557""(P{E=0.000)

30
25
20
15

10

123456 7 8 910111213141516171819202122232425262728293031
B 4-2PMas p T 32iE vt R e T
@ B 42 3 PMps cn& | pFL 0@ T 5 ) 2018 & g F o ik R # 1Y B A
FRPBE VY TRFEER R EFpHiRM -

19



Welch F-test=
4.025""(P{€=0.000)

012 3 456 7 8 910111213 14151617 18 19 20 21 22 23
Bl 4-3 PM2s# /| P& F 3208 b st g T

LB A Fplab2 % R Bk ¥ 7 4p ¥ (Bartlett 4% ©) 0 wx4k Welch-F f& T8 {7 T 308 £
BT TTRE o=1%EF o
2:* . **5 Fkk 5 Av\ Fvlj ﬂ; %\. a:lo% ~ 5%};}2’ 1%%% o

25

2

o

1

(€]

1

o

]

LA R A

ARFBEEEILELRET G A AMBBERE ) AF L H# " Pearson &
Spearman 4 B % #2504 i AP ] R I & R BT LA M AR - 4 434
w5 T R % Bcgr p % #icz. Pearson ¥ Spearman Ap i fific o @ & 4-3 kgt 0 — § 1
#(CO) > & % & 5 5 #(EN) > 4p B 7% #iid 0.509(Pearson) % — % it ##(CO) » £ =
(NO2) » 4p B# tadicid 0.529(Spearman) » Ap¥tm = H3t % B Aph 2 ¢t » H & p

bl

Fiog
FUT F R AR o

20



% 4-3 4B i gcE

PMz2s PMao SOz NO2 CcO wWD1 DWS DAT DRH EN ENDAY

PMz2s 1 0.449™ 0.033™ 0.250™" 0.347™ 0.056™" 0.005™ 0.031™ -0.011"" 0.280™" 0.171""
PMio 0.323" 1 0.236™" 0.393™ 0.416™ 0.059™ 0.006™ 0.024™ 0.014™ 0.274™ 0.143™
SOz 0.0377" 0.210™ 1 0.3117 0.068™° 0.119™" 0.044™ 0.118™ -0.048"" -0.178"" -0.024™
NO: 0.210™ 0.298™ 0.353™ 1 0.529™  0.139™" 0.014™ 0.037"" 0.004™ 0.335™" 0.2177"
CO 0.269™" 0.386"" 0.235"" 0.4717 1 -0.036™" 0.031™ 0.062™" -0.097"" 0.604™ 0.366 "
wWD1 0.056™" 0.036™" 0.102"" 0.146™" -0.031"" 1 -0.043"  0.012™ -0.005"" -0.112"" -0.057""
DWS -0.004 0.007 0.039™ 0.008 0.030""  -0.055"" 1 0.0807" -0.097"" 0.003""  0.027™
DAT 0.028™ 0.038™" 0.132"" 0.039™  0.090"" 0.013 0.046™ 1 -0.502"" -0.007"" 0.096™"
DRH -0.010 0.010 -0.074™ -0.010™ -0.095"" -0.007 -0.072"" -0.534™" 1 -0.011™"  -0.098™"
EN 0.260™" 0.284™" -0.113"" 0.260"" 0.509™" -0.112""  0.001 0.002 0.001 1 0.514™

ENDAY 0.166™"  0.143™ 0.018 0.191™" 0.334™ -0.057""  0.016 0.085™" -0.091"" 0.514™ 1
LT TE TS u R A ot 10% ~ 5%Z% 1%4F F o
21 27 LX3RE Pearson 4p B e o 4 b L $RE Spearman 4p B ik o
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Fo8 wpRiERGRE
-~ RFEAG Y TR
1. HART v ARAER o 2 ARIMA(L,0,3)22 ARIMAX (1,0,3)+" #
@ Akaike info criterion ~ Schwarz criterion ~ Hannan-Quinn criter #c i p] _
g1 A% o d 4 4487 - ARIMAX 2 -3 e if & B3 ARIMA -
44 AEH A

ARIMA(1,0,3)  ARIMAX(L,0,3)

R-squared 0.9018(2) 0.9029(1)
Adjusted R-squared 0.9017(2) 0.9027(2)
Akaike info criterion 5.4051(2) 5.3937(1)
Schwarz criterion 5.4099(2) 5.4067(1)
Hannan-Quinn criter 5.4067(2) 5.3981(1)

N
|

W2 RfLGEE DA it ARIMA &2 ARIMAX i §f 5 8icps > < Jf % K
MA2 wfcE A E RN (TR AHE =R h) 0 2R R PMos BFRF R FIA
¥ MA ¥ i i i (Invertibility Condition) 2 AR =_j i i (Stationarity
Condition) ; ## ARIMA(L,0,3)2 ARIMAX (1,0,3)42 2 #|#c » 7|7 & 4-4
Poo gz MAZ - B ARIZ igldkc ¥ir A E =R o

Inverse Roots of ARIMA
i Inverse Roots of MARIMA
' 15
1.0
1.0
0.5 -l
© AR roots i
IR 1 - [ R RSP S
-0.54 05
(a) -1.01 -1.04
(b)
-15 T T T T T 15 T T T T T
45 0 05 00 05 10 15 45 40 05 00 05 10 15

B 4-4(a)(b) MA 7 35 15 % 2 AR %fi if

22



3. G R NB)9)- BRI AL > F Y wef (White Noise) ik 2
o M HAIA T IR 1292 Q KW ST AW 4-5@)(b)¢ 0 - F

P =~
2 94 u G 14.874 2 12501 0 43 a=0.01-8 B p 4 B 2§k & (}%(8)

=20.009) - A7 &~ A% T e L ik

>
R 3

N

£t o

7

Autocorrelation Partial Correlation

AC

PAC

Q-Stat

Prob

W~ WN =

PUIT QRSN G S
N =a o

-0.001
0.002
0.005

-0.014

-0.026

-0.008

-0.011

-0.017

-0.015

-0.004

-0.007

-0.010

-0.001
0.002
0.005

-0.014

-0.026

-0.008

-0.010

-0.017

-0.016

-0.005

-0.007

-0.011

0.0024
0.0259
0.2046
1.8068
7.5040
8.0096
9.0054
11.490
13.472
13.640
14.040
14.874

0.961
0.987
0.977
0.771
0.186
0.237
0.252
0.175
0.142
0.190
0.231
0.248

(a)

Autocorrelation Partial Correlation

AC

PAC

Q-Stat

Prob

OO~ WN =

-
- o

3
N

-0.001
0.002
0.003

-0.016

-0.025

-0.005

-0.009

-0.013

-0.013

-0.001

-0.006

-0.008

-0.001
0.002
0.003

-0.016

-0.025

-0.005

-0.009

-0.013

-0.013

-0.001

-0.006

-0.009

0.0142
0.0406
0.1322
2.2485
7.6930
7.9294
8.7145
10.243
11.656
11.659
11.944
12.501

0.905
0.980
0.988
0.690
0174
0.243
0.274
0.248
0.233
0.309
0.368
0.406

(b)

B 4-5@)(b) A £ 0 k3 Pt TER

® Qi R =TRL (8 2 ACF ()~ (k-p-q) -

23



f?z Bodn i fE 4T

A g AR TR Sl R R R AL 45 frn o @
$20 PMes @ fFst 2 fafR i 4 0 LA K 2 3 K18 Lk #k(RY)
ARIMAX(1,0,3) % 0.903 > &>+ ARIMA(1,0,3) ; R?=0.901 -
L8 F 3 23 2 % 5 PM2s(-1) ~ (ARL) ~ &5k (PMw) ~ = §  § (NOp)
2 - 5 g (CO)» #2 PMos ik B S BEE 1 4phd » 1w SO R R I Bg ¥ f
iR R o

F % %)% 23 %% > WD1 - DWS ~ DAT 2 DRH > B2 & % 88 PMps
kR e
4 EN iﬁﬁp’ffﬁsﬁz;; 3.753 ¥ &% > @ ENDAY % 0114 = 72 lg ¥ ; B4
f&f PMas 5 7= % T % & 4 20%[(3.753+0.114)*100/20.047] -

24



145w FR R

ARIMA(1,0,3) ARIMAX (1,0,3)
%k (t-i5) (t-&)
C 20.956™" 15.903""
(20.715) (13.141)
AR(1) 0.955™" 0.950""
(366.552) (310.764)
MA(1) 0.263™" 0.257""
(93.076) (84.227)
MA(2) -0.301™" -0.301™
(-71.247) (-67.635)
MA(3) -0.035™" -0.030™"
(-8.399) (-7.045)
PMaio NA 0.056"
(11.119)
SO» NA -0.003
(-0.065)
NO; NA 0.035"
(1.766)
CO NA 2.142™
(5.316)
WD1 NA 0.072
(0.403)
DWS NA -0.012
(-0.290)
DAT NA -0.002
(-0.047)
DRH NA 0.016
(1.096)
EN NA 3.753™"
(2.615)
ENDAY NA 0.114
(0.554)
I 0.901 0.903

WL RAEF LRIE T2 S u A a=1% ~ 5% 10%E F R0
20 R® 3 IS ¥ Tt de(i i 5 5 Rw-Squared)
31 X212) 5 PR o B L 122+ 2 @ ; 0=5%2 Taf @ 5 21.026

25



~ &% F &%~ 17 (Impulse Response Analysis) :

AT - AL b4 1 H 2 > ¥ PMos 2. 578 sy 0 4o 4-6(a)(b) 71

(w5 2 BAREEL
Whr FAEPBETEE LLPE

AR MR 2B B R s B LR foac

Response to 1 Unit Innovation (ARIMA)

Impulse Response 72 SEE.

1.6

00 I I 1 1 1 1 I I I 1 1 1 1 I I I 1 1 1 1 I I 1
2 4 6 8 10 12 14 16 18 20 22 24
(a)
Response to 1 Unit Innovation (MARIMA)
Impulse Response 72 SE.
16

00 I I I I I I I I I

(b)
B 4-6(a)(b) B 5 A 15

26



¥ & IERY s

AW Hene L PEA o AR A 2018/01/01 I 2018/12/30 0 & &
#-12 2018/12/31 p #4 fHe A ¢F 24 o] pEIER| > ¥ 27 2018/12/31 é05 48 B =k e PMps
T FI RS GE o R RS R dok 460 11397 1384 (RMES) T 154 $3%
£ (MAS)% T 525 $138- 4 7 A v (MAPE) » i (7 91 ipl i vt o B - lew fFH0al Y o
ARIMAX &>t ARIMA » 72 7 #& % FF P15 o o

3 4-6 5 v sk 24 ) pEE RIS

Py IPER PMas ARIMA(1,0,3) ARIMAX (1,0,3)
12/31/2018 00:00 27 24.929 25.049
12/31/2018 01:00 25 26.421 26.295
12/31/2018 02:00 23 23.707 23.580
12/31/2018 03:00 21 23.078 23.022
12/31/2018 04:00 22 20.713 20.523
12/31/2018 05:00 20 22.942 22.567
12/31/2018 06:00 16 18.953 18.648
12/31/2018 07:00 16 16.285 16.323
12/31/2018 08:00 15 17.137 17.141
12/31/2018 09:00 14 14.892 14.953
12/31/2018 10:00 14 14.730 14.713
12/31/2018 11:00 12 14.462 14.439
12/31/2018 12:00 10 12.004 12.105
12/31/2018 13:00 9 10.729 10.709
12/31/2018 14:00 9 9.768 9.705
12/31/2018 15:00 11 9.923 10.173
12/31/2018 16:00 13 12.020 12.216
12/31/2018 17:00 15 13.317 13.543
12/31/2018 18:00 15 15.378 15.784
12/31/2018 19:00 14 14.627 14.876
12/31/2018 20:00 17 14.202 14.404
12/31/2018 21:00 18 18.115 18.435
12/31/2018 22:00 15 17.282 17.325
12/31/2018 23:00 17 14.604 14.607

27



3 4-6 54k 24 ] PEIERIER ()

SR R

RMSE NA 1.756(2) 1.852(1)
MAE NA 1.533(2) 1.563(1)
MAPE NA 10.134(2) 8.886(1)

:x 1.9 {932 £ (Root Mean Square Error, RMSE) » # 2 3% % ¢ RMSE = VMSE
2.1 5% 3% 4 (Mean Absolut Error, MAE) H 254 % ¢ MAE = % o lfi—vil = % ~alel

Yno +t— Yn0+t

3. L3525 ¥ 4 | ~ +* (Mean Absolute Percentage Error, MAPE) # =3¢ % @ MAPE =
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