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A Study on Land-Use Air Pollution Appraisal

     Model for Tokyo Metropolitan Area

        Yun Sun Kim and Etsuo Yamamura
 1)epartment of Regional Planning, Division of Environmental

     Science, Gracluate School o,f llnvironmental Science,

          }'Iokkaido University, Sapporo 060, Japan

                                  Abstract

   One of the major consequences of rapicl economic growth in a modem society i$ the aggrava-

tion of environmental problems. To lessen the impact of such p,iroblems, various economies have

adopted various environmental protection measures in the form of environmental standards.

   In Japan, an environmental standarci for N02 <nitrogen dioxide), one of the majorosources of air

pollution, was adopted in May 1973 and its control mechanisms were immediately enforced. The

various countermeasures related to the seurce of generation, traMc xrolume control, the rescheduling

of routes etc were instituted as a means of controlling the exhaust fumes of motor vehicles.

No"rever, both at home and abroad, several environmentalists have questionecl the effectiveness of

these control measures. This controversy stems froin the fact that various studies have shown

that the ai]r pollution standards adoptecl for NOL, is too low to cause any health hapzard to people.

However the cost of meeting, this standard is enormous and unrea$onable.

   Aganist this backgrouncl of controversy ancl the need for a re-examination of the entire air

pollution control measures, an air pollution regulatory moclel has been con$tructed in this study

fov the 23 districts(ku) of li'okyo. Base(l on raclical ceuntermeasures like population-rearrangement,

industrial restructuring etc it is aimecl at helping to e$timate variations in air pollution. This, it

is hoped, would l'ielp appraise constantly the regulation effectiveness of air pollution standarcls

over the time.

Key Words: Air Pollution, Nitrogen oxides (NOx), Llgt/h Duty CI'rucl<, Heavy Il uty Trucl<, Met-

,ropolitan Tul{yo, Population-Rearrangement, Inclustria} 1'J'Lestructuring, Regulation Ilffectiveness,

Envlrenmental Inclexe, Density of Emission, ,Degree of Damage.

l. IntroduetioR

    The phenonmenon of urban concentration, lil<e its politics, its economy as well

as the culture of a contemporary society, is based on industrialization. The curreRt

advances in the technological field seems to accelerate the pace of increasing hyper-

trophy of urban regions with the results that Metropolitan Areas are preseRtly

characterized by rapid and excessive concentyation of people and industry.

    in the past, the concentration of Me£ropolitan Areas promoted simultaneously
mass production-coRsumer and information-oriented society. The accompanying
effect was an increase in the yolume of freight generation by means of the diffusion,

the behaviour and the diversification of the various humaR activitious. The transi-
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tion iR freight volume to a much greater extent, depicted a close connection between

urban structure and urban function. Statecl differently, the increase in intraurban

freight volume was the function of areal converage and long-distance haul of

freight volume. Subsequently therefore, these two factors have assumed primary

responsibility for the increase in vehicular movements in Metyopolitan Areas ever-

slnce.

    The relationship existing between land-use and environmental pollution has been

an area of intense research activity with most of the researchers corroborating on

the correlation between these two variables. For example (Nishioka 1985) concluded

that a strong correlation exists between expansion in urban land use and the in-

crease in the level of N02 concentration. To put it more succintly, an increase in

the appropriation of urban land uses, result in an increase in vehicular attractions

into the area. SiRce land uses generate their own traflic under this circumstances,

there is the tendency for the levels of N02 concentration to increase thereby

enhancing the possibility of atmospheric air pollution. Thus the aiy pollution pro-

blem can be tackled by making readjustmeRts in land uses and population concentra-

tion ievels within the urban environment.

    In this paper therefore, an attempt has been made to grasp the status quo

of air pollution generated by vehicles in the Tokyo Metropolitan Area. radical

countermeasures like variations in the land use and freight volume patterns have

been employed in developing an air pollution estimation modei for the city region.

As a case study, the model is used to analyse the regulation effectiveness of air
pollution for nitrogen oxides (NO.) within the study area,

2. The Researeh Target

  (1) 77ie 7'aiget-Air 1)Ollution

    The cause of air pollution is attributed to a variety of gases. Under this
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study however, the target `gas' i$ NO,7 (nitrogen dioxide). This is because N02

constitutes 69% of all exhaust gases discharged by vehicles in the Tokyo Metro-

politan Area and exceeds the standard set up in the existing Environmental Control

Act.

  (2) The Taiget-Tratffic

    The vehicular type coRsidered undey this Traffic Survey is the motor truck

(light duty truck, heavy d.ttty truck) because exhaust fumes emitted by motoy

trucks amounted to 66% of al} vehicular emitted gases in 1980 in the 23 ku

(distyucts) of Tokyo. The estimated value of motor truck emitted gases for the

same area for 1985 was 74%. Thus a counterrneasure against exhaust fumes
emitted by motor trucks is strongly desired at the present time.

  (3) Tlze Target-Area

    The target ayea under study was characterised as A, B, C, depeBding oR its

measured distaRce from the CBD of Tokyo as shown in Figure 1. Region A took
up approxlmately 23-ku (district) of the Tokyo metropolis covering a circumferential

area of about 20km from the CBD of Tol<yo. Region B covered the circum-
ferential area lying between a distance of 20 km and 50 km from the center of the

B

c

,･-x

Figure 1. A Map of the Stucly Area showing the 3 designated Regions.
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Figure Z. A Map of the Study Area showing the 50 zonal Divisions

city. Region C which was the exterior region took up a circumferential area

lying between a distaRce of 50 km and 80 km from the CBD.

    For convenience sal<e, the study area was demarcated so that it represented a

total of 50 zones with each zone representing one ku or district. Region A tool<

up 23 zones, region B 17 zones and region C, 10 zones depending on the degree
of measured pollution in these areas.

3. The Method of Study

    A model for estimating air pollution levels using traflic demand forecast was

constructed. The forecasting of the traflic demand was based on the Origin and

Destination Table of the Trafllc Situation Survey Conducted on Japanese Road in

1980. The fiowchart illustrating the estimation procedures is shown in Figure 3.

    Next, a set of policy variable and policy allternatives were set up in order to

effect changes in the present land use pattern.

  (1> The Policy Variables were

    1) Resident Population ie people who stay in the area
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              Figure 3. Flow Chart for the Estimation of Air Pollution.

    2) Industrial Population ie people who are employed in the area. This includes

non-residents, who commute daily to work in the area

    3) Resident Population+Industyial Population (1+2) as above

  (2) Thepoliay-alternatives

    In order to ensure a deconcentration of population and land use activity as

a means to reducing air pollution levels in region A the following policy alternatives

were simulated.

    1) An objective of yeducing the aggregate of the previously stated policy

variables (ie. resident population, inclustrial population and resident+iRdustrlal popula-

tion) by 10% through a policy of eispersing them into the outlying B and C regiens

equally and alternatively. That is initially the 10% of region A population is

distributed equally among regions B and C. Next, the 10% population is dispersecl

or concentrated in region B alone and secoRdly, region C and its consequeRces on

tyailfic attraction and therefore air pollution levels recorded.
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          objective of reducing the aggregate population in region A by 50%

         method of population dispersal into region B and C as was done

   deconcentration arrangement resulted in 18 cases (3×2×3) of policy
       shown in Table 1. An estimation model of air pollution was derived

       method of txaflic demand forecast. From this model, the traffic and

           the degree of damage etc were also derived. The objective of

           to effect a change in the land use pattern and therefore the

          air pollution in the 3 regions and analysis the regulation effecti-

       model.

En?iiro7imental Index

           of environmental indexes was constructed as a medium of ap-

       Ievels of the environmental standards in the metropolis as Table 3.

            here was laid on the fact that traffic, distributed by roads,

        concentrates on the various social-economic human activities. The

         appraising the impact of traffc generated air pollution on peopie

      models.

          model which estimates trafllc volume according to the afore-

          alternatives and

        environmental model that evalu ates the environmentalquality.

 Relationship between traflic volume and volume of emitted poliutants.
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       environmental load was done by varying

undermentioned trafllc-volume related variables

          judgement as in table 3.

region A (ton!day)

 truck (tonlday)

  truck (ton/day)

pollutants as already stated, bear some rela-

   concentration of pollution which directly

      effect of this relationship, a regulation

 assessmg the impact of the policy measures
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on these 4 indexes!variables.

    (a) Density(kg!km2)
    (b) Volume of emission for 1km of road length (kg/km)

    (c) Degree of darnage on resident population (<kgfkm2) xpersons)

    (d) Degree of damage on industrial population (kg/km2)

    In a sum therefore, the regulation effectiveness of air pollution was appraised

by the investigating the reaction of the three (3> policy measures on the 10 indexes

mentioned above.

4. The Target Regien-Some Consideratiens

  (1) enaracteristics ofthe Target Ragion

    As shown in tabEe 4, the population of region A is about four (4) times that

of region B. It is also more densely populated as compare to region C despite the

latter's larger area of coverage. In terms of the size of industrial population among

regions, the order is as follows, C has the largest followed by B and then A. The

length of road networl< in region A which is the shortest and the most congested

                Table 4. Some Characteristics ofthe Target Region
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among the 3 regions is 479.9 km. In terms of the trathc generated by both light

and heavy duty trucks, region B ranks as the highest followed by regions A and

C in that order. From the above analysis, the problems assoeiated with region A's

environment has been clarified. This in turn calls for appropriate measures to

help improve the general situation of he area.

  (2) Air pollution in target ragion

    Table 4 gives an account of the various indexes associated with the measure-

ment of air poilution in the 3 regions of the 5 indexes under discussion, the rank

of region is the highest for the degree of damage to people, density!concentra-

tion of emissions and the degree of congestion. Region B with the highest con-

centration of industrial activities and therefore with the greatest attraction for light

and heavy duty trucks have the largest volume of total emissions. But considering

the peculiar characteristics of region A ie small size in comparison to region B

the pollution problem is greater in region A than in region B le level of concentra-

tion. The same argument can be applied to the relationship between tbe volume

of emissions in region A and C. That the pollution problem is much severer in
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region A than in region C. The last index, traflic volume portray a similar pat-

tern. Even though absolute figures lndicate that C has the highest traffic volume

followed B and then A. But in practice, because of smaller area, the impact of

traflic volume ie degree oS congestion is much felt in region A than in the other

yeglons.

  (3) 7'he aiia(:ysis of the ragulation-cztiFTectiveness of air pollzition iii

      23 ku of Todyo

    This analysis which is done in stages is as follows; First, the regulation-

effeceiveness of air pollution in region A is assessed by population and industrial

arrangement variations from region A into regions B and C.

    Second, based on the 10 enviyonmenta} indexes previously defined, the effec-

tiveness of policy measures on transforming air pollution from region A into region

B and C are appraised using a movement-variation from region A rnethod.

    Third, the most desirable choice of policy among the policy measures for re-

gulating air pollution is made.
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    In order to eRsure a workable frameworl< for all the 3 regions the relevance

of the mode} will net be limited to region A alone but also region B and C. As

a result an analysis of variationsin air pollution in region B and C will be con-

sidered. It is expected that the model would be able to forecast future sair pollu-

tion levels with changes in the pattern of land use.

    1) Total Veh. km
    The impact or the regulation-effectiveness of the movement of 10% of the

resident population from region A shows a variation of between 2.9% to 4.1%.

In terms of the movement of 10% of the industrial population out of the region,

the regulatioB-effectiveness varies from 3.3% to 3.5% by moving 10% of the popula-

tion (that is resident÷industrial) the regulation effeetiveness shows a variation of
between 6.5% to 9.1%. The simulation also showed that the regulation-effectiveness

was higher when 10% of the resident÷industrial population from region A were
relocated in region C as comparecl to relocating this population equally among regions

B and C or only in region B. It is however worst in the last relocation policy ie

in region B only. In comparison of the regulation-effectiveness of either moving

10% or 50% of the resident population out of region A, it was found that they
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Table 8. Impact of Variations in Environmental Load in Region A by Variations in the
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both tend to give similar resu}ts. This is shown in Table 6 below.

    2) The Degree of Congestion
    The analysis revealed a regulation effectiveness of 27% on congestion in region

A as a result of relocating 10% of the region's resident population in region B.

However the regulation effectiveness was 3.6% when it was divided equally among

region B and C. Moving 10% of the industrial population in region A to region
B alone result in a regulation effectiveness of 2.7% in the region's degree of conges-

tion. However when the same population is distributed equally among regions B

and C or ls moved solely to region C, the regulation effectlveness on coBgestion

is 3.6% aRd 4.5% respectively. This indicates that the movement of both the
resident and the industrial population from region A to either region B or C or

to both results in varying impacts on the regulation effectiveness of congestion in

region A.
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    As shown in table 6 above, a 50% movement of region A's population on the
3 policy variables ie resident population, industrial population and both result in a

high level of concentration iR region B, followed by an equal division among regions.

B and C and lastly reglon C.

    Table 7 shows the impact of variations in environmental load on variations in

Iand use pattern among regions A, B, C due to population movements frorn region

A
    3) Volume of Total Emission (ton!day)

    The impact (regulation effectiveness) of a movement of 10% of region A's

resident population on the volume of total emission in region A is neglegible for

all the 3 policy variables.

    On the other hand however, a 50% movement of region A's resident popula-

tion to region B alone results in a regulation effectiveness of 13.0% in the volume
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Table 9. Curtailment Effectiess of Variations in Environmental Conditionin Region A

throtigh Variations in the Land Use Pattern
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total emissions in the region. It is however 18.8% when the movement is concen-

trated in region C alone and 15.9% when divided equally between region B and C.

    A movement of 10% of the industrial population in region A results in a
higher regulation effectiveness oR the volume of total emissions as compared to

a rnovement of 10% of the resident population in same region. However the
regulation effectiveRess of having all the population concentratecl in either region B

alone or in region C or having it divided equally between regions B and C gives

the same results of 2.9%. The regulation effectiveness of the movement of 10%

of an aggregation of the resident and industrial popuiatioRs to region C alone or

having lt divided equally between regions B and C is equa} and the hlghest among

the other alternatives. ,    4) Volume of Emission of Internal traffic (ton!day)

    The regulation effectiveness of the movement of iO% of region A's resident

populatioR on the voiume of total emissions emanatiRg from region A is higher

when the re}ocated popuiation is conceRtrated soiely in xegion C. When the moved

population is concentra£ed either in region B or it is divided equally between regions
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B and C the result is the same but lower.

    A 10% movement of either the residential population or the industrial popula-

tion from A to the other regions result in an equal regulation effectiveness figure

for the volume of total emissions from region A. However a 10% moveinent of
both residential and industria} population from region A gives a 12.3% regulation

effectiveness on the volume of total emission in region A.

    5) Volume of Emission from Light Duty CIrrucks (tonlday)

    Table 8 shews the regulation effectiveness of policy values 1), 2), 3) on the

volume of emissions by light duty trucks in the various regions. The hightest
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level of concentration of emission was in region B, followed by regions B and C

together and finally region C. A movement of 10% of the residential population

from xegion A results in a regulation effectiveness of betvLreen 2.8% and 4.2% on

the other hand when a 10% industrial population is moved out, the regulation

effectiveness i$ between 3.1% and 5.4%.

    6) Volume of Ernission from Heavy Duty Tyucks (ton/day)
    The regulation effectlveness of emission volume by heavy duty trucks is lower

than light duty trucl<s as a result of populatien movements from region A. The

regulation effectiveness of a 10% movement of iRdustrial population on the volume

of emission of heavy duty trucks in region A is equal to the impact of a movement
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of 10% residential population on the volume of emisslon by light duty trucks in

the sauce region. The movement of 10% of the residential population from region

A result ln a regulation effectiveness ranging from 1.5% to 2.5% on the volume

of emissions by heavy duty trucks while a 10% movement of industrial population

from the same region result in a regulation effectiveness of between 2.5% and 4.4%.

    7) Level of ConcentratioR <Density) of Emissions (kglkm2)

    A 10% movement of the residential population ln region A results in an equai

regulation effectiveness on the level of concentratlon of emissiens in region A when

the movecl population was yelocatecl either in region B solely or were divided equally

between regions B ancl C. But by concentratlng all tlte moved population in region
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C resu}t in a regulation effectiveness of 3.4%.

    However, a 50% movement of residential population from region A to either

region C alone or shared equaliy between regions B and C result in a regulation

effectiveness that is 5 times higher than a movement of 10% of the above popula-

tion from the same region. However, concentrating this popu}ation in region B

aloRe gives a lower value.

    The regulation effectiveness of a movement of IO% of the residential population

from region 'A gives an impact ranging from 2.6% to 3.4% while for industrial

population it is between 2.6% and 4.3%. A higher regulation effectiveness ranging

from 6.0% to 8,5% is obtained l)y a 10% movement of both residentia} axxd
industrial population from region A.

    8) Level of CoRcentratlon of Emission per 1km of Road Length (l<g/km)
    The regulation effectiveness of concentration of emlssioBs per 1 kilometer of

road length is hlghest in this order, concentratioB ef 10% of the residential
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population in region B alone, concentration of this residential population in equal

proportions in regions B and C, concentration in region C alone. The degree of

the regulation effectiveness of a 10% movement of residential population from region

A ranges from 2.6% to 3.8% whlle a movement of the same percentage of in-
dustrial population from region A yields a regulation effectiveness of between 3.2%

and 5.0% A movement of 50% of the residential population on the other hand
yields a regulation effectiveness of between 14.2% and l8.8% while the same figure

for the movement of equal numbers of industrial population is between 17.9% and

23.9%. The previous analyses have centered on the impact of land use changes

on the gelteral levels of air pollution in the three regions. In the next analysis,

an examination of the degree of air pollution damage on human health has being

tackled by using 10 social impaet indexes to appraise the regulation effectiveness

of the model on human health.
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    An analysis of the effectiveness of the yegulation measures 1), 2), 3) on the

degree of air poliution damage on region A's resident population indicates that

concentration of population in only region C gives the best results followed by

concentrating the population in both regions B and C and lastly ln only region B.

The degree of darnage index, it must be emphasized, is not the same as the other

indexes and the regulation effectiveness is almost proportional to the rate of popula-

tion regu}ation. Stated dlfferently, the regulatlon effectiveness is hlgher.

    A 10% movement of the residentlal population from region A results ln a

regulation effectiveness in the degree of damage to vary from 12.3% to 13.3%

whilst for a 50% movemeRt of residential population from region A the result is

between 57,l% to 59,4%. the regulation effectiveness for a 10% movement of
both residential and industrial popttlation result in a degree of damage ranging

from 15.5% to 17.7% while the same degree of famage of the movement of 50%

of populatioR in the above category vary from 66.2% to 70.5%.

    10) Degyee of Damage of Industrial Population ((kg!1<mnxperson)

    For the regulation effectiveness on the degree of damage to the industrial

population as a result of the movement of 10% of the residential population from

region A the result vary from 2.6% to 3.7% for a 10% movement of industrial
populatioR frorn region, the regulation effectiveness raRges between 6.2% and 7.9.
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  Table 11. Rlationship between Variations in the Social

A Curtailment Appraisal Index of
   Air Pollution in Region A
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This implies that the xegulation effectiveness of industrial population is greater.

    A comprehensive summary of results for the regulation effectiveness of air

po}lution for the 10 indexes examined under the air pollution-appraisal model in this

study is provided in table 11 below.

5. Conelusion

    This study has examined the various countermeasures relevant for reducing the

levels of air pollution (Ritrogen oxides) in the Tokyo MetyopolitaR in the form of

policy variables and policy alternatives. After grasping the `status quo' of air

pollution in the metropolis and its relationships with the urban structure, the problem

was tackled through radical policy measures like population and industrial rear-

rangemeRts, traflic management decisions.

    A summary of the results are as follows
    (l) A land use-traflic model that measures the regulation effectiveness of air

pollution (nitrogen oxides) by the variation of the land use pattern (population and

industrial rearrangement> and which is functionally operative.

    (2) The regulatioR effectiveness of air pollutioR at the time of the movement
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 680,308

(-7.0%)

 492,143

(- 31.7 %)

    L)O.O

(-27.3%)
I

     75

(-35.9%)

'

t./.....t.t.ttt.tt

  657,805

(-10.1%)

ttttttt.tt.t..t......ttt.t.t.tt.tttt.ttttnv

  396,150

(--459%)

of

    1) Residential Population

    2) Industrial Population

    3) Residential Population+Industrial Population

which were used as policy variables of the land use patteyn. In terms of a choice

among the 3 policy variables it is relevant to stress that the regulation effectiveness

of the movement of the industrial populatioR was the most rational and the regula-

tion effectiveness of the movement of resiclential-i-industriai population was the

lest. The simulation iRdicated that £his policy variable was 2.5 times more effective
that the other alternatives.

    Finaily from the three (3) cases established ie

    1) having the policy variables concentrate only in region B

    2) having the policy variables concentrate only in region C

    3) having the policy variables divided equally between region B and C

lt became clear that the choice of regulation effectiveness policy for air pollution

in the study area was in this oxder of 1), 3), 2) in terms of desirability.
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