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Abstract.
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1. INTRODUCTION

Clenierally, air potlution is originated in human activities.
X E &

However it is difficult io estimate the anthrope
pacts on air pollution becanse they include so many
Lo t
change, and so on.

senic -

P

G le. popuf‘-mou tncrense, economic growth, climste

tt is generally considered that field mensurernents are the
most reliable way to know the beliavior of the pollutants
er, it 1s difficult to oblaln mea-

in the atmosphere, Howe
surermnent data with sufficlent spacial and temporal den-
sity, because they need much labor and fund.

In Japan, the continaous air pollution mouitoring net-
work has been cstablished and & operated by Japan En-
vironment Agency(JEA)Y and local governments.  The
v, Ox, CO, NMEC,

i

monitoring species are 50q, MO, NC
SPM{PMI0) and 5o on, and the data are obtained on the
hourly basis, The network ncludes approximately 1700
stations covering almost all over the country. The moni-
toring datasets are analysed on the statistical basis every
vear, and the results are reported by JEA.

It 3s useful for the understanding of the pollutants’ behav-
ior to analyse the relationship belween these monitoring
data and the meteorological data. Many investigation re-
suits have been already reported in relabion Lo such anal
However, most of them have limited objective ar-

eas, which are concentrated m the highly industrialized
regions.

The ine
he influence of the transport of polhitants from neighboring pre

. The prefectural government is being pressed to take countermeasures. In shis study,

i on

of the pollitant concente atton is Hnked to the

ures is suggested. 3y The

ering the pollution.

The another point of view s the analysis of the moui-
toring data on the social and seonomic basis

pollution is fundarmentally originated in humaen activities,
th
and seonomic dy
in which these relationships are investigated.

Since ar

monitoring data should biave a relation Lo the social

However, few examples can he foand

- the relabionships among air pollution moni-

fort steorotorical data and soclo-economic data

in order g0 know

on the statisbical ba
The objeciive reg

WOrL @
the rmechan]
concentrated in Yamonashi pre

n ol the pollution. ion wis

sebure, one of the rural
and mountainous regions around Tokyo.

FEATURE OF YAMANASHI PREFECTURE

1t prefeciure is located on the west of Tokyo

Yaranas
metropolitan area and the distance between bolh center

iz approximately 100km as shown i Figure 1.

hown

The socio-economic daba of Yamanashi is T
ble 1. The numbers in this table indicate the ranking
among all 47 pref As shown here, the
principal activities are agricnlture and forestry, and thers
are few industiial areas and the automobile Lraffic is not
ccture. Therefore, the alr pollution

bures i Japan.

so heavy in the pre
status was nol given attention before 1800, However, in
wmical oxidant often

1900, the concentralion of photos
exceeded the standard i Lhe castern part of the prefec-
ture. Furthermore, the concentration of NOx is shightly
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increasing year by year. The prefectural government is
being pressed to take countermeasures.
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Figure 1. Location o Yamanashi prefecture

Table 1. Socio-economic feature of Yamanashi prefecture

{ Ttem | Ranking® ]
Population 43
Praction of agricultural production in
prefectural GDP 19
Production of peach and grapes 1
Total industrial production 35
Chemical industrial produciion 42
Metallic industnial production 30

* Ranking amoeng all 47 prefectures in Ja

3. DATA DESCRIPTION

3.1 Objective Duration
Thisstudy was concentrated on the vear-by-vear variation
of air poliutants’ behavior, as mentioned in the previouns
saction. The total duration of the analyses was {rom 18975

to 1991, The considered data items are lisied i Table 2.

a iterms ased in the analyses

i Class [ Teem |

Alr poliution S50+ annual mean cone.
monitoring data | NOx annual mean cone.
NOy annual mean cone.
N{. Y8percentile
Fhotochemical ox
mean of datdy maximum cone.
Frequeney that photochernical
oxidant exceeds the standard

QI

idant an nual

Bleteorological Armual mean temperature

data Monthly mean temp. of June
Monthly mean lemp. of July
Monthly mean temp. of August

Trimonthly mean temp. during
June, July and August
Annual total time with sunshine

Annual precipitalion amount
Freguency of the day with
maximum temp. > 30 °C
Freguency of the day with
minimurn fermp.< 8 °C

4

T o ecOnGITIC
daka Number of houssholds
Number of mdusiries
Nurnber of mndusirial emplioyes
Amount of material consumption
Arnount i value of industrial

Population

production
Aanount of fixed property

umber of owner

Per capita ownership of velicles

Nurriber of public passenger

transport

ot eultivated fleld
mber of honseholds engaged m

Amaunt n value of ageieuitural

production

3.2 At Pollution Monitoring Data

Monitorings of ale pollution are carried out by many or-
ganizations in Japan. However, mosh of them are lmited
in the monitoring duration and the spacial coverage, then
they are inapplicable to statistical analyses. In addition,
since the monitoring technigues are not uniform among
they

cannol be easily mixed unless

organizations, the
are carelully checkad on ihe data guality.

The air pollution monitoring dala used in ihis study
were derived from the publications by national and pre-
1992], Yamanashi Prefec-
There are seven stations in the prefecture,
Blished within five vears, then

fectueal governments(JLA[LETE-
Lure[ L994])

bt some of them were e

four stations shown in Figure 2 were selected {or the anal-




The temporal scale of air pollution monitoring has a very
wide range from instantaneous to annual or longer. The
national and prefectural monitorings are gene
ried out on the hourly basis. However, hourly ¢
seldom published, and most of the publications include
the summed up data ou the monthly and annual basis,

A are

This study was principally concentrated on the annual
conceniratinns, annual frequen-

data l.e. annual average
cles, and so on. The main reas

en why annual data were
sconomic daba can only be

used is that most of the soae

derived on the annual basis. However, alr pollution has a

strong seasonality in general, then monthly based nves-
tigations are also important and nseful.
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Figure 2. Location of Monitoring Stalions

3.3 Meteorological Data

Some meteorological elements, e, wind divection, wind
veloeity, temperature, solar radiation, precipitation, and
so on, have strong relationship with air pollution. Among
ton and wind velocliy can affect Bhe
short term behavior of the polhutants, but they have Litle
influence on annual behavior. On the coni,mz.}. tempera-
ture and solar radiation themselves vary year by s
Then they have pos-
sibilities to affect the year-by-year variation of pollutants.

them, wind direc

sometimes }’H'P £ {.ld(}{'di[idl‘\ values

The metecrological datasets used in this study were de-
rived from the annual report of local meteorological ob-
servatories {Kofu Meteorological Ghservatory[1976-16923)
in the prefecture.

2.4 Boclo-economic Data

Many statistical yearbooks are published by national
LGS i

and local governments and some related organiz:
Japan. They are generally available through the informa-
tron center of each government.

blost of the datza in these vearbooks are on the annual

basis and few data are avatlable with shorter time seale.
The compilation of short term data will be important in

the fubure work.

Additionally, some of the data were obtained on the fiscal
and the cther were on the calendar year basis.
That difference is essentially unportant, however in this
study, i wag assumed that the difference iz neglegible.
Such an assumplion can be made only when the year-by-

vear variation of each Hem is moderate.

4. PROCEDURE

st of four

The analytical methods used in this study cons
popular mudtl-variate analyses oo multi-vana
cluster analysis, principal component anal-
reg lon analysis

PRI

slon analyss, :
vsis and factor analysis. [\ 1t h variate

mainly used among these four methods.

it should be noted that the dataset wsed i this study 1s o

slation bebween two sets

Ly pr of tirme series data. The corre
i series data is so high in many cases in which both
Judgements
i

ke rrisunderstandings, This study was carrisd out with

series have similar time series tendencies.
d on the correlation coefficients have pe

hilitles to

~areful consideration on such a problem.

RESULTS AND DISCUSSION

5.1 Trend of BEach Ttem

by-vear trend of each ltem was investi-
wmples are shown

st of all, yea
ed using time serles graphs. A fow ox

in Figure 3 through Flgure 5.

Among air pollution menitoring data, sulfur dioxide tends
to decrease, nilrogen dioxide is slightly increasing or sta-
bie, aned photochemical oxidant is clearly increasing with
vibration. The frequency that photochermeal oxidant ex-
ceeds the standard shows espoeis
the maximur value in 1890 was
stations in Japan.

v large varlation and
the highest amoeng all

Meteorological data have complex variation year-by-year,
but it should be noted thal the temperature tends to in-
crease. 1t can be judged as an indication of global warm-

mng.

i ot socio-economic data show the tendency of con-

reasing, which indicates the economic growth in
scture. On the conirary, items refated to agricul

tire c.i-lld forestry tend to decrs
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5.2 Variable Selection by Cluster Analysis

There are so many meteorological and soclo-economic
ry 1o select variables for muli-
Claster analysis is one of the

Hems that it is nec
ple regression analyses.
useful method o select variables based on the correla-
hown in

tion bebween each pair of variables. The result s
o-economic fems are
v ean he represented

ates that most of s¢

Figure 6 indiec
strongly related one another and the

by afew variables, However, correlations among meteoro-
Ingical ftems are not so strong, which indicate difficuliles

to be represented by a small number of variables.

Vehicles =
Per capita vehicles J—!

Industrial production —

Material copsumphion —— E

Honseholds e -
Population ’w}
Industrial employee  ————- I
Temperature - !__
Temperature(June) —————0-o— ¢ [

Temperature{ July) |
Temp [June-Augnsh) ————0>= | ‘ L
Max temp > 30 [ - Pl
Temperature( A ngust) —— %

Indusiries __‘
Fixed properly e
Precipitation : i
Sunshine ’

Min temp <

Flgure 6. Example of the result of cluster analvsiz

5.3 Classification of Variables by Principal Com-
ponent Analysis

In order Lo undersi

and the gener:

put data, some principal component analy

out. An esample of the resulls &5 shown in Figure 7.
first principal component explains 53% of the variation

and if can be judged as an indicator of cconomic growth.
The second component, which has large foadings on me-
teorclogical thems, indicates the meteorological finen

fledd

icablon is not very

As shown in this figure, all dala tlems can be cla

bhe clas:

into some groups, howe

clear.
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Fignre 7. Example of the principal component Analysis

3.4 Factor Analvsis

[n order to find out the specilic factor included in the
input data, a faclor analysis was carrled out. Table 3

shows the varimax rotated factor loading matrix.

Factor 1 has la loahings on most of secio-econamic

terns, and it can be judged ag an direct indicator of Indus-

brint developmient. The concentrabions of nitrogen oxides
and photochemical oxidant, which is affecied by such a
ile

tor 1.

lopment, are also given large factor loadings by fac-

Table 3. Varimax rotated factor loadings

Factorl Factor2  Factord  Factord

—{1L678 .

426

S0u(Fofu1)
SO0 (Kofu-2)

- L2655

O {Kofu-1} (10T
N, B89 {Kohe?) 0,184
7, >0 2ppmi Kofu-1) e {1000
Oy >02ppindKole-2) - (L0 0,040

O, {Wolu-1) 0260 —0.155
O (Kofu-2) AR 0,634 —0.807
Fopalation 0.8970 -8 —0.133
Houscholds 0971 —0L 128 =203
Industries — 00 0028

Inctuserial employee —.005
Material consumption —{.17H
Industrizf production - 3]
2l property —0.082
ahicles — {3204
Per capita vehicles — (193
Termperature —0.744
Sunshine 198

Precipitation

Max temp > 30 - (0TS

Whin temp < 0 [L813
Temperature{ August) (L1038
Temperature( July) {1,063
Temperature! June) — (1083

Lemp.(June-August) —1}.034

— 74—



Factor 2, which has large loadings on the monthly mean
temnperature and the frequency of the day with maximum
temperature higher than 30 degrees centigrade, is judged
as an indicator of mebeorological condition in summer.
Factor 3, whose i&rge loadings are on the frequency of
the day with minimum temperature lower than 0 degree
centigrade, is indicating the meteorological condition
winter. Factor 4 shows no clear tendency on factor load-
ings.

5.3 Trend Analysis by Multivaviate Regrossion
Analysis

As mentioned before, nitrogen oxides and photochemical
oxidant are given much attention in Yamanashi prefec-
ture in recent vears. Multivariate regression analyses were
carried out using socio-economic data and meteorslogical
data as explanatory variables in order to know the charac-
teristics of the year-by-vear trend of those air pollutants.
The explanatory variables were selected through trial and
error from the variable Hist obtained by the cluster analy-
sis.

5.5.1 Nitrogen Oxides

The obtained regression equations are as follows:

6.8 % 1074

¥y o= 3.2 107 -t
2 10 Py {1
{R = 0.937)

Ho = 2T s 107 %y — 23 x {2

(R = 0.6875)

where ¥3 @ annoal imean NOx concentration at Mofu-2 station [ppig
=1 ¢+ nwmber of vehicles in the prefecturs

2y ¢ annual mean temperature at Kofu ohservato

3 ¢ annuaal total time with sunshine ab Mol obse

[hour]

yz @ annual mean NOx mnwni{atmn ab Otsuki station [ppm]

g @ number of vehicles in Otsuki o

25 ¢ annual mean temperature &b Kawag

[°<]

Both cases show that the NOx concentration iz strongly
dependent on the number of vehicles. However, since the
trend of the number of vehicles are similar to that of an-
other socio-economic iterm, this explanatory variable can
be repiaced by another item withoul losing high correla-
tion. The reason why the correlation coeflicient in Otsuki
city iz lower can be explained by the fact that the heavy
traffic in that cily is mainly depending on the through
traffic.

v [c C;
rvalory

guchiko observalory

The temperature is slightly increasing these ten years and
the trend is similar to that of NOx. That is why it was
selected as an explanalory variable. NOx concentration is
generally affected by meteorological conditions, however,
the effect of the temperature should be negative against
NOx concenbrations because siable condition in winter ol-
ten causes high concentration of NOx.

5.5.2 Photochemical Oxidant

The obtained regression equations are as follows:

vy o= 28107 ee =37 2 1070
9.2 x 107y (3}
(R = (.956)

ya = 2.1x .[(78;&:4 4 1w 107 %y
+ 4.0 x 1)“‘ {4)

;

s ar fJ A ox 1[)_E' 13

(5

s maximum phatochemical oxidant

where yy @ annual mean of dai
concentration ab BKofu-2 station [ppm]

: population in the prefecture

: mumber of vehicles in the prefecture

s o dune-August brimonthly mean temperataree at

Kofu observatory [0C]

wq o annuad mean of daily maximuom photochemsical oxidant

A station [ppm)

city

concentration at Ot

- population in D

zyg + number of vehicles in Otsulet city

1+ June- August teimonthly mean temperature at Nawa-

guchiko observatory [°C]
ys  annual mean of daily maximum photochemical oxidant
concentration al Uenohara station [ppm|

212 ¢ population in UVenchara town

a1z mamber of vebicles in Uenohara Lown
All cases show that photochemical exidant concentration
can be explained by emission related items (population
and vehicles) and meteorological data item representing
the condition in summer. The frequency that oxidant
andard shows sudden increase n 1990, how-
a mixed result of emission

—

exceed th

ever, thal can be understood as
merease according to the economic growth and the recent

L}Ji)[()“](.fll condition m saoumner.

extraordinary mete

It should be noted that these correlation coefficients are
lower in the eastern part of the prefecture, which laces Lo
Tokyo metropoliten area. This tendency shows the pos
sibility of the Lransport of pollutants crossing the prefec-
bural border. Some trajectory analyses also suggest the
transport from Tokyo metropolitan area to surrounding
prefectures(Wakamatsu et al.[1991] for example).

As a trial, the explanatory variables in equation(d) was
replaced by the same ttem of Kanagawa prefecture, which
is located in the upsiream region of the trajectories. The
csuit show higher correlabion coeflicient, and that is also
indicating the transport of pollutants.
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6. CONCLUSION

The air pollution monitoring data in Yamanashi prefec-
ture were statistically analysed with meteorological data

and socio-econemic data. Following points can be sug-
gested {rom the resulis:

1) The increase of the pollutant concentration i linked to
cliire.

the economic growth in the prefe

7} The influence of the transport of pollutants from ne

boring prefectures bs indicated.

37 The climate change within these ten years is ot

affecting the poilution.

OFf course, il is necessary to conduct proper countermen-
sures $o reduce air pollution. Monitorings and numerical
model ealeulations are generally used in the considera-
sion of such a poliey-making, however, stabistical analy-
ioceconomic data, are also useful
2 are predim-

ses, especially nsing s
for these activities. Tl
inary but it can be emphasized that this kind of study
v-making

10 resnits shown he

have a possibility to contribute so much to polic

on environmental problems.
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