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ABSTRACT

The data of coefficient of haze observed in Taipei for the period 1973 through 1982 were analyzed
to find diurnal, seasonal, and secular variations. The simple Markov chain probability model was used to
explain the occurrences of polluted and unpolluted days. Multipie regression and discriminant models,

using weather data and previous day’s COH values as predictor variables, were developed. Maps of the cor-

- relation field showing the relationships between the strength of the northeast monsoon wind and the level -

of COH observed in Taipei were constructed.

Key words: coefficient of haze (COH), simple Markov chain, multiple regression, discriminant

model, polluted day, Chi-square test

Introduction

In a highly polluted urban area, a forecastirfg pro- -

gram is needed in order to implement pollution control
rules and laws. For example, in Los Angeles an air pollu-
tion forecasting program has been functioning since 1955.
The main purpose of pollution forecasting is to prevent
excessive build-ups of atmospheric pollution so that the
public health and property can be protected from the
adverse effects of air pollution. Criteria of episodes (dan-
gerous pollution levels) are predetermined and abatement
actions, ranging from restricting all unnecessary driving
to curtailing industrial and commercial operations, must
be taken when the episode levels are either.predicted or
measured.

With a population of more than two million and
rapid urbanization it is evident that Taipei is facing in-
creasing air pollution emissions from automobile sources.
Despite the efforts of the Bureau of Environmental Pro-
tection of Taipei (BEPT) to relocate the major steel manu-
facturers from the northeast sector of the city, i.e., Nan-
kang and Sungshan, there are many small manufacturers
in other areas of the city, including Sanchung and Pan-
chiao. Under favorable weather conditions, pollution
concentrations in Taipei exceed air quality standards,
notably for particulate matters, NOx, and HC, at a few
locations. Therefore, it is necessary to develop forecasting
models for short-term (daily) enforcements of air poliu-
tion control laws.

In general, air pollution prediction models can be
divided into two main categories: dispersion and statistical
models. Dispersion models are derived from the principles
of atmospheric circulations in the boundary layer. They
are very costly and their accuracy needs improvement.
On the other hand, statistical models are inexpensive and
easy to develop and thus suitable for routine forecasting
purposes. In the well-known smog city of Los Angeles,
statistical models have been developed to forecast daily
smog concentrations with a high degree of success.

Methods

 This research project has performed the following:

(1) The study of diurnal, seasonal, and annual varia-
tions of the coefficient of haze (COH) in Taipei. COH isa
measure of reduced light transmission due to atmospheric
particulates. It is determined by collecting particulates on
a clean filter paper and then measuring the decrease of
light transmission.

(2) The construction of synoptic weather maps of
high and low COH levels for Taipei.

(3) The basic statistical analysis of COH data and
the relationship to selected weather variables.

(4) The development of simple Markov chain pro-
bability models for COH levels at Taipei.

(5) The development of regression and discriminant
models for predicting COH levels or categories using
weather variables combined with the COH levels on the
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previous day as predictor variables.

The SPSS (8] library program, available from the
Treasury Department of the Executive Yuan, was employ-
ed to carry out statistical analyses. Daily COH data were
derived from the Central Weather Bureau, the only loca-
tion in Taipei where routine observations of COH levels
are available over a long period of time. SC2 data avail-
able for this locations were used to develop regression
models [1]. Data of other pollutants of interest are not
available. Therefore, this research project has focused
on the study of COH values only. Although the BEPT
has published the monthly summary data of various kinds
of pollutants observed at a few air monitoring stations,
daily and hourly data are unavailable for performing sta-
tistical analyses in detail. Since July of 1982, the Bureau
of Environmental Protection of the Department of Health
(BEPDH) has established three air monitoring stations at
Nankang, Sanchung and Panchiao to measure hourly con-
centrations of various types of pollutants. However, the
data period at the time this research project started was
t00 short to perform meaningful statistical analysis

Three sets of weather data were considered as pre-
dictor variables for developing regression and discriminant
models with morning and afternoon peak mean hourly
values of COH as predictors: .

(1) The surface pressure, 1000- and 850-mb geopo-
tential heights; the temperature, relative humidity, wind
direction and speed at the surface, 1000- and 850-mb
levels (18 variables in total).

(2) The lifting condensation level, level of freecon-
vection, convectional temperature, K-index, total index,
maximum mixing height and temperature at the maxi-
mum mixing height derived from both Taoyuan and Taipei
radiosonde data, and the maximum surface temperature
at Taipei (12 variables in total).

(3) Surface pressure at 110 locations (110 variables)
in Asia observed at 00, (8 a.m., Taipei local time).

The first two sets of weather data were derived from
radiosonde observations over Taipei (Panchiao) at 1200,
(8 p.m., Taipei local time) for the period June 1 through
November 30, 1982. The maximum mixing height was
calculated from radiosonde data observed at 8 a.m. over
Taoyuan and at 8 p.m. over Taipei and the daily maximum
surface temperature at Taipei. Since the autocorrelation
coefficient of COH for lag one is approximately 0.40, the
COH levels (mean, morning and afternoon peak hourly
values) on the previous day were considered as part of the
predictor variables for regression and discriminant models
(Table 1).

Spatial and Temporal Variations

Table 2 illustrates 24-hour mean concentrations of
different types of pollutants at various air monitoring

Table 1. Variable List
Codes Variables

FCA: Daily mean COH values on the first day (cohs/1000£t)

FC1: Pe:ixk mean hourly COH values in the morning on the first
ay.

FC2: Peélk mean hourly COH values in the afternoon on the first
ay.

SC1: Pegk mean hourly COH values in the morning on the second
ay.

SC2: Peak mean hourly COH values in the afternoon on the sec-

ond day. .

SRH: Susface relative humidity (%).

U10: 1000-mb relative humidity (%).

SDD: Surface wind direction (degrees).

SFF: Surface wind speed (m/sec).

STD: 1000-mb dew point temperature Q).

D10: 1000-mb wind direction (degrees).

F10: 1000-mb wind speed (m/sec).

T85: 850-mb temperature (°C).

D85: 850-mb wind direction (degrees).

F85: 850-mb wind speed (m/sec).

LCL: Lifting condensation level (mb).

LFC: Level of free convection (mb).

MMT: Maximum mixing height temperature derived from Taoyuan
radiosonde data and maximum temperature at Taipei.

TMA: Maximum daily temperature at Taipei (°C).
. K-index.
: Total index.
Surface pressure at 53845.
Surface pressure at 52889.
Surface pressure at 47927.
Surface pressure at 47772.
Surface pressure at 57067.
Surface pressure at 57036. \
Surface pressure at 57263.
Surface pressure at 58238.
Surface pressure at 58457.
Surface pressure at 58424.

ol
"
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stations in Taipei in 1982. It shows that the COH values
reached or exceeded the unacceptable levels (2 cohs/1000
ft or higher) for the industrial areas including Nankang
and Sungshan, and for the heavy traffic locations near the
railroad station. Aside from the CO ‘concentration in a
subway on Linshen South Road, the concentrations of
gaseous pollutants (CO, SO,, NO, and 03) were lower.
than the air quality standards for all air monitoring sta-
tions operated by BEPT. However, the pollution data
measured at the three BEPDH stations reveals that NOx,
HC, and SO, frequently exceeded the air quality standards
for the period July through December 1982.

Mean hourly COH values show pronounced diurnal
variations peaking at 8 a.m. and 11 p.m. in July and at 8
am. and 7 to 11 p.m. in January, with morning peak
values slightly higher than the evening values (Figs. 1 and
2). Two peak values of COH on one day reflect the effects
of heavy traffic hours and atmospheric stability. The
evening rise of COH is associated with the increased ther-
mal stability and lower wind speeds (Table 3).

Tt can be seen from Fig. 3 that COH values show
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) Table 2. Mean 24-hour Concentrations of Various Pollutants in Taipei, 1982 )
CO SO, NO, -HC O3

COH
cohs/1000ft ppm ppm . ppm ppm ppm
Sungshan , 3.2% 1.9 0.026
i Nankang 2.1% 2.1 0.012 0.015
; Shihlin 3.1% 1.9 . 0.013 2
§ Chengchung - 3.3% 2.8 0.031 0.019 3.68% 0.008
| : Chungshan 2.8% 0.013 © o 0.007 4.49%
Peitou 1.6 . 1.3 0.010 2.77% 0.011
‘i Suangyuan 1.8 2.2 0.022 0.012 3.85% 0.018
Chingmei 1.4 0.6 0.012 0.016 0.025
Neihu 1.6 ‘ 0.8 0.012 - 0.013
Kuting 0.1 1.6 0.013
Kwanchien 6.1% 55 0.044
Chungshan N. Read 2.8% 5.8 0.020
Chungching N. Road 5.3% 5.6 0.020 0.033
Linshen S. Rd. subway 17.7% )
2.0 10.0 0.10 . 0.05 0.50 0.12°

X . dard
Alr Quality Standards 24-hour average 24-houraverage 24-hour average 24-hour average 24-hour average l-hour average

| : * Pollution concentrations exceeded-the air quality standards.

Table 3. Mean Hourly Wind Directions (Degrees) and Speeds (DM/S) Observed at the Three BEPDH Stations, October 1982

Wind Directions
Station Hour: 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

d 1 Nankang 158 147 175 156 147 156 152 156 171 182 168 169 188 177 175 140 137 148 169 141 152 170 152 145
‘ 2 Panchiao 210 223 225 219 215 229-230 198 224 231 245 245 221 204 217 190 210 216 224 210 206 210 209 207
3 Sanchung 249 247 247 223 234 230 207 221 231 252 231 233 216 215 211 222 227 238 237 240 251 249 249 257

Ave: 205 206 216 199 198 205 196 192 209 222 215 216 208 199 201 184 191 201 210 197 203 210 203 203

Wind Speeds .
Station Hour: Q1 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1 Nankang 18 18 17 19 19 17 18 19 26 31 37 38 41 39 37 36 34 29 26 22 20 19 19 18
2 Panchiao 9 9 9 9 9 8 9 10 11 12 13 15 16 16 17 16 14 12 11 10 9 9 9 10
3Sanchung . 18 18 17° 17 17 18 18 20 22 26 28 32 32 34 34 33 31 28 26 24 23 22 21 20

Ave: 15 15 14 15 .15 14 15 16 19 23 26 28 30 30 29 29 26 23 21 19 17 17 17 '16

COHS/1000ft
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Fig. 1. Diurnal variations of COHS in July.
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Fig. 2. Diurnal varjations of COHs in January.
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Fig. 3. Monthly variations in COHs for two different periods.

distinct seasonal variations with higher values in winter
that is summer. In general, the ability of the atmosphere
to dilute air pollutants is determined by two factors. The
vertical dispersion capacity is hampered by the-presence
of an inversion layer. The horizontal dispersion capacity
is mainly determined by wind speed. In Taipei, the inver-
sion layer occurs more frequently and the inversion base
is lower in winter than in summer (Table 4) because of

more frequent occurrences of the Mongolian anticyclone
in winter. Therefore, the atmosphere over Taipei is more
stable in winter, limiting the vertical dispersion of pollu-
tion. In addition, Taipei is located in the downwind re-
ceptor area of the major emission source areas, Nankang
and Sungshan, when the northeast wind prevails in winter.

There has been a significant decline in mean annual
COH values since 1973; the annual mean decreases from

Table 4. Mean Monthly Values of Inversion Parameters Ob served at 8 A.M. over Taipei, 1980

Months 1 2 3 4

5

6 7 8 9 10 11 12

Inversion Base Height (M) -16 10 1566 1326 1576

1504 1890 1811 2241 2353 1535 1444 1165

Inversion Top Height (M) 2263 2479 2119 2119 2176 2539 2867 2932 3273 2377 2104 1531

Inversion Magnitude (°C) 2.7 4.1 4.0 2.2
Inversion Days . 23 14 28 20

3.5 2.9 5.7 3.7 5.0 34 2.9 1.7

14 3 -1 7 8 12 12 15
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F'ig. 4, Mean annual variations of COHS.

approximately 5 cohs/1000ft in 1973 to 2 cohs/1000ft ~ Basic Statistics

in 1982, a 60% reduction (Fig. 4). Mean monthly and * : o
hourly values calculated for the period 1981-82 are con- : For the study period June 1 through November 30,
siderably lower than those for the period 1973-80 (Figs.3 . the mean, median, and mode of the peak hourly COH
to 6). The pronounced secular decline in COH levels is values in the morning are almost equal to each other; they
attributable to a series of legislative actions implemented  are 1.5, 1.3, and 1.3, respectively (Table 5). These three
since 1969 to reduce emissions of pollutants from both values and a skewness of 0.85 as well as the shape of the
the stationary and automobile sources. Besides, an effort  histogram (Fig. 7) suggest that the frequency distribution
; was made by the BEPT to relocate major steel manufac-  of COH values is a positive skewness with more cases oc-
i turers in Nankang and Sungshan to a newly developed curring in the values lower than the mode. The kurtosis
‘3 " industrial area, Tayuan (Taoyuan County), located to the of 1.87 illustrates that the frequency distribution is lep-
south of Taipei. By 1981, seven of the eight major steel  tokurtic; the distribution has a peak values higher than

manufacturers have moved from Nankang and Sungshan, the normal distribution and it has more extreme values.
therefore, reducing the pollution-levels in Taipei. The cumulative frequency distribution curve indicates
' 4
4
= R
o
=
2 "73-'80
1 !
8 2» - 81-'82
1
]
12345678 910111213141516171819202122 2324 hr.

Fig. 5. Diurnal variations in COHS for two different periods in July.
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Fig. 6. Diurnal variations in COHS for two different periods in January.

that the COH values vary from 0.4 to 3.7 with a range of
3.3 (Fig. 8). The shapes of histogram and cumulative fre-
quency distribution of peak mean hourly values in the
afternoon are very similar to those of the morning cod

Table 5. Basic Statistical Characteristics for the Morning Peak
Mean Hourly COH Values

values. The mean, median, and mode are 1.3, 1.3,and 1.1,
respectively, reflecting the fact that the frequency distri-
bution is also a positive skewness (0.76). The kurtosis of
0.83 proves that the frequency distribution is also lepto-
kurtic. The COH levels vary from 0.4 to 3.3 with a range
of 2.9. Therefore, statistical estimators of the morning
COH levels are higher than those of the afternoon COH

Mean  1.455 Std.Err. 0.041 = Median  1.336 levels.

Mode 1.300 Std.Dev. 0.539  Variance 0.291 The autocorrelation coefficients for various lags
Kurtosis 1.865  Skewness 0852  Range  3.300 indicate that the morning COH levels are more persistent '
Minimum 0400 Maximum 3.700 than the afternoon COH levels. It appears that the COH:

. (Tektronix 4051 — data graphing)
0
32 —
24
5 u
: ]
=]
g
™16 -
) H H
! i I | | l [ 1 | i I | | I
04 05 07 11 13 15 1.7 19 21 23 25 31 33 3.7

COHS/1000ft
Fig. 7. Histogram of peak mean hourly COH values in the morning. -
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Fig. 8. Cumulative frequency distribution of peak mean-hourly
COH values in the morning. :

values, both in the morning and in the afterndon, fluc-
tuate in a period of seven days as evidenced by the in-
crease in the autocorrelation coefficients for the lag seven
(Table 6).

Although a considerable number of weather vari-
ables taken from the radiosonde data over Taipei were
correlated with the COH values on the second day, only
a few of those variables show significantly high correla-
tions (Table 7). Wind speeds at the surface and 1000-mb
levels appear to have the highest correlation coefficients
with the COH values. The correlation coefficients are
-0.45 between the morning COH values and the 1000-mb

wind speed and -0.32 between the afternoon COH values .

and the 1000-mb wind speed. These two correlation coef-
ficients exceed the table value of —0.19 at the 1% signifi-
cant level with 171 degrees of freedom (173 cases were
used for calculating the correlations). Therefore, the cor-
relation coefficients are significantly high to cause the re-
jection of the null hypothesis that there is no correlation
between the COH values and wind speed at the 1000-mb

level. In other words, there is a significant .correlation

coefficient between these two variables. Fig. 9 shows the
correlation coefficients ‘between the morning (8 a.im.)
pressures at various weather stations in East Asia and the
morning COH values, observed on the second day in Tai-
pei. The pressure at’stations in Mongolia and northern

China correlate most significantly high with the COH

values in Taipei; the correlation coefficients slightly ex-

" Table 6. Autocorrelation Coefficients for FC1 and FC2

Autocorrelation Function for Variable FC1

Lag Auto. Stand. ;45 _ 5 _os g 25 5 751

Corr. Err.
1 0.369 0.073 S ex
2 0213 0.073 A
3 0.226 0.073 R
4 0.234 0.072 o ¥
5 0.167 0.072 ook
6 0.102 0.072 AT
7 0.192 0.072 A
8 0.172 0.072 I
9 0.094 0.071 D
10 0.078 0.071 T
11 0.007 0.071 S
12 -0.036 0.071 oE
13 -0.004 0.071 - ’ N
14 0.026 0.070 . B
15, 0.006 0.070 ek
16 -0.048 0.070 SR
17 0.021 0.070 AN
18 0.070 0.070 BEEEEE
19 0.031 0.069 L
20 0.110 0.069 AL
Autocorrelation Function for Variable FC2

Lag Aufo. Stand. ;75 5 .25 0 25 5 51
1 0354 0073 N
2 0.155 0.073 ok
3 0.179 0.073 o
4 0.066 0.072 . iE,
5 0.020 0.072  E o,
6 0.078 0.072 o,
7 0.091 0.072 . iR
8 0.168 0.072 .
9 0.189 0.071 R
10 0.018 0.071 .
11 -0.018 0.071 CE
12 0.014 0.071 CE
13 0.074 0.071 L
14 0.035 0.070 : .ok,
15 -0.055 0.070 R
16 0.021 0.070 .
17 0.086 0.070 RS
18 0.137 0.070 .k
19 0.091 0.069 .ok,

20 0.091 0.069 RS

% Autocorrelations
+ Two Standard Error Limits

ceed -0.40. A negative correlation field north of Taiwan
is observed while a positive field south of Taiwan is evi-
dent. This suggests that the weakening of the Mongolian

Table 7. Correlation Coefficients Between the COH Values and the Selected Weather Variables*

Weather Variables SRH SDD SFF U10 STD D10 F10 T85 D85 F85
SC1 0.03 - 0.20 -0.44 0.02 0.08 0.26 -0.45 0.21 0.31 -0.33
sC2 . 015 030 + -0.3S 0.15 0.10 0.21 -0.32 0.15 0.20 -0.19 ;-

* Refer to Table 1 for the symbols of variables.
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Name CH21 COR " Coordinate Code 1
03 .04 04 ‘

Fig. 9. Correlation field between the morning pressure and the morning highest COH value on the second day.

Name COH21 Coordinate Code 1
2.0 3.0 '

1.0

1.0 0.0 ﬁ

Fig. 10. Pressure differences between the low and high COH values in the moming on the second day.
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anticyclone favors the build-up of COH values in Taipei
as a result of the decrease in the strength of the northeast
monsoon wind. The pressure patterns of the polluted
morning (peak mean hourly COH values equaling or ex-
ceeding 2 cohs/1000ft) are not significantly different
from those of the unpolluted morning. Generally, mean
pressure are higher in the unpolluted morning by appro-
ximately 4 mb in northern China (Fig. 10).

Simple Markov Chain Models

The first order Markov chain probability model has
been employed frequently to study the occurrence of
wet and dry spells in many locations [4, 10] and smog
episodes in Los Angeles [6]. A finite Markov chain pro-
cess is a finite stochastic process such that the outcome
of any future trial is determined by the outcome of the
last experiment and is independent of any previous out-
come [5]. In this study, peak mean hourly COH values
were divided into two states; the poliuted and unpolluted
states for both the morning and afternoon data, breaking
at 2 cohs/1000ft. Two estimators, P; and Py, must be
calculated in order to perform the two-state Markov chain
analysis. P, is the conditional probability of a poltuted
state given that the previous state was unpolluted (N), and
P, is the conditional probability of a polluted state given
that the previous state was also polluted (Y). According
to the simple Markov chain probability model, any given
morning or afternoon would fall into one of the following
four categories, i.e., Y[Y, YIN, NIY, NIN. The first letter
represents today and the second letter yesterday. P, and
P, were derived from the following equations:

n(YlY)

R AT

P = n(Y|N)
7 n(YIN) +n(NIN) °

where n denotes the total number of days for a given state,
The probability of a polluted sequence of length k is

(1 - P;)P,

and the probability of a polluted sequence greater than k
is ' '

P,

Likewise, the probability of an unpolluted sequence of
length k is

Po(1 - Po)?,

and the probability of an unpolluted sequence greater
than k is

(1-Po)~.

The mean first passage time or the average length of un-
polluted spells is’ -

P, ,
and the mean length of polluted spells is -
(1-P)7".

- The estimated transitional probability matrix is

(Today)
N Y

.(1—Po Py

1-p, P,

M = (Yesterday) N

Y

The equilibrium probability matrix derived from the k-
step transitional probability matrix is

k_ (Mo ™

M" = ( . 771‘)
where m, and m, are equilibrium or unconditional pro-
babilities of unpolluted and polluted states, respectively.

Table 8 shows that Py and P; are 0.48 and 0.16 re-
spectively, for the morning COH data, and 0.39 and 0.13,
respectively, for the afternoon data. The transitional pro-
bability matrice are

0.84 0.16
Ml‘(o.sz 0.48)

for the morning COH data and

0.87 0.13
MZ—(O.GI 0.39)

for the afternoon COH data. The 7th power of the transi-
tional probability matrix for the morning COH data is

0.77 0.24

7_
Mi=(o77 024)

and the 6th power of the transitional probability matrix
for the afternoon COH data is ‘

0.82 0,18

6 _
M2 = (g 018"

Table 8. Estimates of P; and Py for the Peak Mean Hourly COH
Values Observed in the Morning (Upper) and the After-
noon (Lower) ‘

. Today
Yesterday P, (YIY) Py (YIN)
. Yes Yes & No .
Yes 38 79 0.48
No 36 233 0.16
Today
Yesterday P, (YY)  Pp(YIN)
Yes Yes& No
Yes 22 57 0.39
No * 34 257 0.13
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Table 9. Predicted and Observed Frequencies of Polluted (Upper)
and Unpolluted (Lower) Morning and Afternoon

Lengths Morning Lengths Afternoon
(days) PRI OBS . (days) PRI OBS
1 20 19.7 1 18 20.3
2 10 95 . 2 15 12.7
3 8 8.8
chi-square 0.10 . 0.65
Lengths Morning Lengths Afternoon
(days) PRI  OBS (days) PRI " OBS
1 10 6.1 1 6 4.5
2 7 5.1 2 7 3.8
3 5 4.3 3-5 6 8.8
4-7 5 115 6-10 7 8.5
7 12 12.1 10 8 - 8.3
chi-square 7.08 4.30

The occurrence of a polluted or unpolluted state on a
given day is independent of the probability of the occur-
rence of any state seven days earlier for the morning COH
and six days earlier for the afternoon COH.

The analysis of the mean first passage time indicates
that it takes, in average, 6.5 days for the recurrence of the
polluted morning but only 1.9 days for the recurrence of
the unpolluted morning. ~The recurrence period of the
polluted afternoon is 7.6 days while that/of the unpoliut-
ed afternoon is 1.6 days. These reflect the fact that area

near the station of the Central Weather Bureau is relatively

unpolluted.

Chi-square tests were performed to approximate the
observed frequences of sequences of polluted and unpol-
luted mornings or afternoons (Table 9). Calculated chi-
square values are lower than table values at the 5% level,
indicating that the Markov chain models approximate well
the frequencies of the polluted and unpolluted spells.

Regression Modeils

Stepwise multiple regressions were used to find the

. best linear prediction equations for “peak meéan hourly
-COH values in the morning and in the afternoon. Predic-

tor variables were derived from the radiosonde data ob-
served over Panchiao at 8 p.m. on'the previous day, the
first set of weather variables mentioned in the earlier sec-
tion. Daily mean and the peak morning and afternoon
COH values on the previous day were included as part of
predictor variables. The regression equations thus provide
approximately 8 hours in advance for predicting the morn-
ing COH values and 18 hours ahead for predicting the
afternoon peak COH values. In the stepwise regression
method, the predictor variable which has the highest cor-
relation coefficient with the predictor enters the equation
first. The second variable involved in the equation is

selected from one of the remaining predictor variables
that has the highest incremental contribution of F-value,
the ratio of between-groups to within-groups sums of
squares [3]. The process repeats until the desired incre:-
mental F-value is obtained. The regression equation in-
volving the 5 most important predictor variables for pre-
dicting the morning COH values is

SC1 = 1.425 + 0.313(FC2) - 0.043(F10)
+0.143(FC1) - 0.007(U10) +0.001 (D85).

Symbols of all variables in the equation are explained in
Table 1. The multiple correlation (R), defined as the cor-
relation between the observed and predicted values, is
0.56 which yields a coefficient of determination (R?) of
0.32, indicating that 32% of the variance in the morning
COH values is explained by the combination of the five
predictor variables in the equation{. The regression equa-
tion for the afternoon COH values is

SC2 = 0.523 - 0.052(SFF) + 0.169(FC1)
+0.001(SDD) + 0.001(D85) + 0.005 (SRH).

The R? for this equation is approximately 0.20. Evident-

ly, the combination of weather variables'and COH values
on the first day provides little predictive power for pre-
dicting the COH. values on the second day. Besides, the
predictive power decreases as the prediction length in-
creases from approximately 8 hours to 18 hours.

Using the second set of weather variables, represent-
ing stability indice, mentioned in the earlier section, and
the COH values as predictor variables, the regression equa-
tions are

SC1 = 0.789 + 1.177(FCA) + 0.245(FC2)
_ 0.002(LFC) - 0.153(FC1) - 0.010(MMT),

with R? equaling 0.41, and

SC2 = 1.041 +0.282(FC2) + 0.459(FCA)
~0.003 (LEC) + 0.013(KIX) - 0.016(TIX),

with R? equaling 0.26. Obviously, there are slight in-
creases in predictive powers by using the second set of
weather variables as part of the predictor variables for
predicting SC1 and SC2.

Combining the COH levels and the third set of wea-
ther variables (surface pressures) as predictor variables, the
regression equations are

SC1 = -2.061 + 0.460(FC2) - 0.003(L)
+0.129(X) - 0.123(U) + 0.589(FCA),
and

SC2 = 11.328 - 0.078(M) +0.032(Y)
+0.018(C) +0.156 (FC1) + 0.018(B).

R? is 0.57 for the SCI equation and 0.21 for the SC2
equation. There is a 16% increase in R? for predicting
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SC1 from surface pressures over that from stability in-
dice. However, there is a slight decrease of 5% in R? for
predicting SC2 from surface pressures in place of stability
indice,

Discriminant Models

Discriminant analysis is a useful statistical tool for
categorical forecasts. For instance, this technique was
used to develop models for predicting oxidant episodes [7]
and infrared visibility categories [3] from weather data.
Mathematical treatments of discriminant analysis were
discussed in detail by a number of multivariate statistical
textbooks [2, 9]. The aim of discriminant analysis is to
classify individual cases from their scores on discriminant
functions which are linear combinations of a set of dis-
criminating or predictor variables. A discriminant func-
tion is a vector which maximizes the ratio of between-
groups to within-groups sums of squares of discriminant
scores or F-ratio of variance estimate. The function is
derived in a way to achieve not only the maximum group
differentiations but also the minimum probability of
errors in assigning cases to groups.

Two-group discriminant functions were sought for
predicting 'COH values breaking at 2 cohs/1000ft. The
standardized discriminant functions using the first set of
weather variables as predictors are

SC1 = -0.522(STD) + 0.360(D85) + 0.431(FC1)
+0.626(FC2),

and

SC2 = 0.677(SRH) + 0.415(SDD) —0.525(SFF)
+0.331(F85).

Data of discriminating variables should be normalized, i.e,;
z-scores with mean O and variance 1, in order to obtain
the discriminant scores for individual cases from the stand-
ardized discriminant functions. The discriminant coeffi-
cients indicate the relative importance of each variable to
the function. It can be seen that FC2 contributes the
highest portion of discriminant scores for SC1 and SRH
does the same for SC2.- A discriminant score of a case is
the number of standard deviations from the grand mean
(zero discriminant score) of all observations on the dis-
criminant function.

It is impractical to use standardized discriminant

functions for classification or prediction purposes because

values of predictor variables must be normalized first.
Therefore, unstandardized discriminant functions are
more convenient for prediction purposes:

SC1 = -0.295 - 0.159(STD) + 0.004(D85)
+0.845(FC1) + 1.476(FC2),

and

‘versa.

SC2 = -5.703 +0.073 (SRH) + 0.005 (SDD)
- 0.325(SFF) + 0.070(F85).

It is notable that a constant term is added into the un-
standardized discriminant functions. Observations of pre-
dictor variables are applied to the equations without any
transformations. For SC1, the centroid (group mean) is
-0.190 for the group of COH < 2 and 1.364 for COH > 2.
The midpoint of group centroids is 0.587. If the calculat-
ed SC1 is equal to or greater than 0.587, the case is classi-
fied as having COH > 2, and vice versa. For SC2, the
group centroids are ~0.098 for COH < 2 and 1.398 for
COH > 2. : _

Prediction or classification can be achieved alterna-
tively by using classification functions. For the morning
COH levels, the classification functions are

SC1(0) = -22.266 + 1.814(STD) + 0.005(D85)
+2.751(FC1) + 0.528(FC2),

and

SC1(1) = -23.636 + 1.568(STD) + 0.012(D85)
+4.064(FC1) + 2.822(FC2).

If the calculated value of SC1(1) is greater than that of
SC1(0), the case is classified as having COH > 2, and vice
The overall accuracy of the classification using
either the discriminant functions or classification func-
tions is 77.3%. The classification functions for the after-
noon COH dats are

SC2(0) = -47.342 + 1.004(SRH) + 0.048(SDD)
+3.186(SFF) + 0.035(F85),
and
SC2(1) = -56.844 + 1.112(SRH) + 0.055(SDD)
+2.699 (SFF) + 0.140(F85).

The overall accuracy of the classification is 74.8%. There
is a -slight decrease in the classification (prediction) ac-

. curacy as the prediction time extends from morning to

afternoon. This is also reflected by a decrease of canonical
correlation coefficients from 0.46 for SCI to 0.35 for
SC2, and an increase of Wilks’ Lambda values from 0.79
for SC1 to 0.88 for SC2. Canonical correlation is the
maximum correlation between the linear function of pre-
dictor variables and that of predictors that are coded 1 for
COH = 2 cohs/1000ft and 0 for COH < 2 cohs/1000ft.
Wilks’ Lambda, the ratio of the within-groups to the total
sums of squares, is an inverse measure of discriminant
power.

For simplicity, only unstandardized discriminant
functions derived from other sets of weather variables are
presented in the following. Based on the stability indice,
the functions are
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SC1 =-1.169 - 0,001(LFC) - 0.058(TMA)
+2.979(FCA) + 0.941(FC2) + 0.941(FC2),

with group centroids of -0.285 for COH < 2'and 1.515
for COH > 2, and

SC2 = ~23.422 +0.021(LCL) - 0.002(FC)
+0.138 (MMT) + 0.925 (FC2) + 0.925(FC2),

with group centroids of -0.106 for COH < 2 and 1.174
for COH = 2. The overall accuracy of predictions are
78.5% for SC1 and 75.5% for SC2. BEvidently, there is a
slight improvement in prediction power of these models
over the preceding models. This is also reflected by higher
canonical correlation coefficients of 0.55 for SCI1 and
0.33 for SC2 derived from the stability indice.

Unstandardized discriminant functions using the
third set of weather data (surface pressures) as discrimin-
ating variables are

SCI1 =2.659 - 0. 55(1) +0.049(S) + 0.948(FCA)
+1.850(FC2),

with group centroids of -0.310 for COH < 2 and 1.673
for COH > 2,and v

SC2 = -194.509 + 0.191(E) + 1.528(FC2),

with group centroids of -0.112 for COH < 2 and 1.406
for COH > 2. The overall accuracy of classifications are
86.4% for SC1 and 80.2% for SC2. The canonical correla-
tion coefficients are 0.59 for SC1 and 0.37 for SC2: The
models derived from surface pressures show significant im-
provements over the preceding models derived from either
the stability indice or radiosonde data.

Summary

This study reveals that the mean hourly COH values
observed at the station of the Central Weather Bureau
show pronounced diurnal variations peaking at 8 a.m. and
7 through 11 p.m., conforming well with peak traffic
hours and increasing stability of air in the evening. There
has been a significant decline in the COH trend since 1973
following a series of legislative actions aiming at reducing
poliution emissions, especially from the major stationary

sources located in the northeast sector of the city, includ-

ing Nankang and Sungshan.

Statistical analysis of COH data mdlcates that the
COH level on the previous day is very important in deter-
mining the COH level today, as evidenced by an auto-
correlation coefficient of approximately 0.40 for lag one
either for the morning or afternoon data. Mean synoptic
weather maps suggest that the mean pressure patterns for
polluted and unpolluted periods are more or less the same;
the Mongolian anticyclones were well defined for both
periods. The only difference is that there is a decrease in

the pressure gradient between North China and Taiwan
for the polluted period. This reflects the fact that the
weakening of the northeast wind promotes the COH levels
in Taipei, as is also substantiated by a negative correlation
coefficient of approximately -0.40 between 'tlge surface or
1000-mb wind speeds and the morning peak COH values.

The occurrences of polluted mornings and after-
noons were found to follow the simple Markov chain pro-
cess. It requires approximately 7 days for the recurrence

of polluted mornings or afternoons, but only 2 days for

the recurrence of unpolluted periods.

Three sets of weather variables, radiosonde observa-
tions at 8 p.m. over Taipei, stability indice derived from
radiosonde data, and surface pressures of 110 weather
stations in East Asia observed at 8 a.m., together with the
COH levels on the first day were employed as predictor
variables to develop regression and discriminant models
for predicting the COH levels on the second day. It was
found from the regression analysis that the weather vari-
ables have low predictive powers for COH levels. Values
of R? vary from approximately 60% to-32% for different
regression models predicting the morning COH levels and
from 26% to 20% for predicting the afternoon COH levels.
It can be concluded that regression models are of little use
in predicting the COH levels. However, if categorical fore-
casts of COH levels breaking at 2 cohs/1000ft are of in-
terest, the discriminant models using three sets of weather
variables, each combined with the COH levels on the pre-
vious day, provide a moderately high degree of accuracy
for predictions. The accuracy of predictions or classifica-
tions varies from approximately 86% for predicting the
morning COH categories to 75% for predicting the after-
noon COH categories from the surface pressures-at a
number of weather stations in East Asia combined with
the COH levels on the previous day. Obviously, the ac-
curacy of predictions from both regression and discri-
minant models decreases as the prediction time extends
from morning to afternoon.
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