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CHAPTER 1: THE PROBLELI AND ITS SIGWIFICANCE

1.1 General Introduction

In this dissertation we deal with the distributions over space
and over time of the bencfits and costs generated by a groving economy
with a perfectly competitive market in a closud region. We analyze the
mechanisms that determine how the sconony develops patterns of distri-
butions which are at variance with a particular distributive judgment
called "weak Social Justice. As used here, weak Sccial Justice 1im-
plies the use of itwo criteria: (1) tiat the benefits cenerated by a
groving cconomy increase at every space point and timz point in such a
way that the incquality in the spatial distrivution of benefits dimin-
ishes over tiue: (2) that the costs gencrated by a growing cconomy do-
crease at overy space point and time point in such a way that the in-
equality in the snatial distribution of coste dininishes over ture.
Certain »olicy instrunenvs are then developed so that the econory under
study will function in accordance witl this particular distributive
judgment. The remainde= of chis scction presents the conceptual and
theoretical characteristics by vhich we analyze the distribution as-
pects of pollution and econowic prowvti.

Tn its wmost ceneral sense, ve are interested in the cose in wihich
the benefits of a growing economy are represented by the consumption
of goods (i.e., output of goods minus cost oi production). On tiae other
hand, the costs of econoumic growth are represented only by those costs
which are caused b pollution. These pollution costs include the con-
sumption of ‘bad compmoditics and the decrease in the production of

certain goods due to pollution.



ifore specifically, ve are intercsted in the special case in waich
econonic growth occurs in a dual eccnony comnosed of a modernized in-
dustrial sector and a traditional industrirl sector. Furtucrmore, we
deal with one particular tyne of pollution in which a modernized indus-
try, sector 1 prciucing sood 1, discharoes sowe toxic material into an
environment which a traditional industry, scctor 2 producing good 2,
depends upon for its production activitics. Thuse pollution effects are
assumed to be represented by both a decrease in the production of good 2
and the contamination of good 2 with the toxic nmaterial.

ilith respect to the causality of pollution effects, we consider two
cases: one in which the cause and cffect of nollution are Known and
the other in wnich both the cause and effect are unknoun. If the causal-
ity of these vollution cffects is unknowa, we assume that there 1s no
way, in a perfectly competitive market economy, for the private sector
to screen out the “bad - commodity, i.e., contaminated good 2. Ilowever,
since causality is unknown, therc is also no vey for a Hublic authority
to intervenc in the market so as to elininate thesc pollution effects.
Therefore, we assume that a “bad" commodity is a necessary bynroduct
of tiic production of e¢cod 1, for the casc in which thce causality of the
pollution effects i unknown. This assumption is conpatible vith the
assumption of a perfectly competitive market cconomy in that (1) the
supply and demend relationships of goods are controlled enly by the price
mechanisn- (2) all consuners aim to maxinize their utility: (3) all
producers are cost-miniiizers as vell as profit maxinmizers: (4) there
exists ne technological/or institutional reasons which prevent tie mar-

ket from internalizing the externalities. An example of this situation
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is the case of cigarctte smoking in the USA.  The supply and demand
relationship in the cigarette industry veve hardly disturbed by some
scattered scientific evidences showing toat ciparette smoking may be
the cause of cancer. However, after the Surgeon General's varning in
1966 about the dangers of cigarette smoking as & cause of cancer, the
sale of cigarettes dropped sharply, if only temporarily.

On the other hand, if the cause of such pollution effects is fully
known, we assume that the ~'bad commodity will not be consumed. Because
the causality is fully lnown, it is reasonable to assumc that either onc
of the following two sitvations occur: (1) scctor 1 and sector 2 are
able to negotiate that sector 1 should pay sector 2 for compensation in
damage done to sector 2 by sector 1's production activitics; (2) through
the auspicies of a public authority, pollution damages done bv scctor 1
to sector 2 are compensated by the imposition of unilaterally imnosed
taxes on scctor 1. This assumption is shoun in Section 2.2.2 tc be com-
patible with the assumption of a perfectly competitive market economy.
In this case, our interest is basically in the increased production costs
incurred by sector 2 duc to the effects of the pollution created by sec-
tor 1.

Finally, ve consider two types of space, physical space anti non-
physical space. Physical space is measured in terms of physical dis-
tance such as niles when we deal with one dimensional physical space or
in terms of square niles when we deal with tuwo dimensional physical
space, etc. DNon-physical space, for exanple, includes the space con-
structed by a distribution of a vopulation by size of income, the space

constructed by a distribution of output per worker, etc. Thus, depending



on the choice of space, ve may get different distribution patterns of
benefits and pollution costs, over space and time, as tiiey are generated
in a growing cconony. For example, let us consider a nopulation distri-
bution ir a certain region. Ve may plot an incone distribution of this
region along the onc diumensional »hysical space starting with the center
of the region. By taking the average of individual incomes along each
circumference, ve can plot the average income at eacl: shace point which
corresponds to the radius of that circumference. On the other hand, we
can certainly 21so order people in this region in tewms of their size
of income. In this case, a spuce point along the non-nhysical space
corresponds to a rank-order of an individual by size of income. Thus,
it is possible to develop an incoiwe distribution of thie¢ region along
a onc dimensional non-physical space. There is no reason to helieve
that these two types of distributions waich are based on physical and
non-physical space, should always talke the same form.

Basecd on the albove characteristics, we summarize in Table 1.1 four
alternative conceptual frameworks for analyzing our problem of the dis-

tribution aspects of pollution and economic growti.

Table 1.1 Classification of conceptual framework

Typs of
“«\x§?ace Mon-Physical Physical
Type of T '
Causality ’ }
Unknown FRALEVIORK 1 FRAMEVORK 2

Known FRAIIEHORK 3 FRAIE'VORK 4




In Framework 1 the causality of pollution effects is unknoun and the
space is non-pliysical. In this case, we are interested in the distri-
bution of benefits and nollution costs over non-vhysical space and time.
Specifically, we are concerncd uvitu the distribution of the consunmption
of good 1 and the distribution of the consumption of a  bad' commodity
(i.e., tine contaninated portion of gocd 2) over non-physical space and
time as generated by a orowing economy. In Framcworl 2, the causality
of pollution effects is unknown and the space 1s real nhysical snace.
Our interest is in tie distribution of benefits ang pollution costs,
over physicul space and tine, generated by o sroving econony. In Frane-
work 3, the causality of pollution effects is kaovm and tie space is
non-shysical. ‘e do not consider tuis case further because the causal-
ity of pollution effects is assuned to be traced out only in terns of
real physical snace. In Framework & the causality of nollution effects
is known anu the space is real physical space. Our interast is in the
interrelationshins betueen the production of good 1 and tue production
of good 2. Snecifically, we are interested in the distribution of the
consunption of good 1 and the consurption of good 2 over real physical
space and time, proviced that there is no institutional and/or tccano-
logical reasons vhich prevents a perfectly competitive wmarket mechanisn
from internalizing the pollution costs. These taree cases are consicered
in more detail in subsequent narts oi tiis discortation.

In order to make our analysis more meaningful and realistic, we
apply our conceptual framework to a particular case of mercury pollution

that occurred in .iinamata, Japan. One of the recasons wc cioose this



case lies in the fact that it represents a unique situation in which
the causality of pollution effects was unknown for a long time. Thus,
bargainine between sector 1 and sector 2 originally took place under
conditions of unknown causality. In particular, ve are interested in
the implications of our conceptual framework on the analysis of this
particular case of pollution. The other rcason for applying our theo-
retical method of analysis to the iiinamata pollution problem is that
it was this problem that first led the author to do research in this

arca.

1.2 Introduction to the iiinamata .lercury Pollution Case
1.2.1 Historical Aspectl

In 1953, nany cats went into wild gyrations and “dances’’ and then
died in visible agony in two fishing villages near l.inamata, a small
city facing the Shiranui Sea on the western coast of the island of Kyushu
in Japan (sce Figure 1.1). In 1954 these abnormalities snread to other
fishing villages near 'inamata. Some pigs and dogs also apparently vent
mad and died and cven crows fell from the sky.

This vas the prelude to linamata disease, one of the earliest
and most tragic cnviconmental pollution cases that has yet been identi-

fied in the world. In May 1956, a medical doctor of the Chisso Company's

1) See Appendix 1 for a detailed history table of ilinamata disease.
Also, more popular references are: Siith, U. Eugene and Aileen
Smith, "Death-flow from a Pipe," LIFE, Vol. 72, No. 21, Junc 2,
1972: Smith, W. Eugene and Aileen Ii. Smith, ‘Minamata, JAPAN,"
Camera 35, Vol., 18, No. 2, April, 1974, pp. 26-51.
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“inamata plant hospital renorted to tiic healtli center of [linamata about

a peculiar disease of unimnown etiology witii such symptons as brain damage,
paralysis, and loss of hLearing, speech and sicsht. Upon the request of
the Xuranoto prefectural governwent (the ‘state’ in which inamata is
located), the .icdical Scnool of Kumanoto laticnal University organized
tae ninanata Discase Lkesecarch Tean woeica imuediately started a full

scale investigation to ascertain the cause of tic disease.

L July, 1959, after lons and difficult proving, fumamoto University's
nesearcin Tean announced that ..dinanata disecse vas caused by eating f£ish
and sucllfish contaminateu Ly orccnic wmercury wiich nay have been con-
tained in the waste water fron: Chisso's :iduamata nlant. This announce-
pent proupted tie sinamata Fisheries Cooperative which had suffered from
a sudden ecrease in the quantity of fish caugiut in the previous years,
to ask for compensation for dauace to the fishing ground as well as for
construction oS an effluent trcatrent facility. In Ausust of the sane
year, Cuisso and :iuaiata Fisacries Cooperative reached au agreement in
waich Chisso »aid the Cooperative nearly ;102,000 corpensation for
damapges.  ilowever, Calsso did not construct any eiffluent treatment
facility,

peanwuile the avnorialities of the cats szread to the other side of
tne Shiranui Sea (see Figure 1.2) sad new patients anpeared in other areas
besides {dinanata. In October, 1v59, the Kumanoto Fisheries Jnion, on
hehalf of all of the fisheries cooperatives along the Shiranui Sea, re-
quested that Chisso pay cowpensation for damases to tac fishing ground
aind ualt tae Chisso ldnamata >lant's overation. Shortly after this,

Japan's inistry of International Trade and Industry notified Chisso to



Figure 1.2 Vicinity of Minamata

City of Minamata
Town of Goshonoura
Town of Ariake
Shiranui Sea

Ariake Sea
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laprove its waste water treatment facility. This order was based on
the newly legislated iater Quality Conservation Law and Factory Effluents
Control Law.?

Because of the fact that iiinamata was, econonically and politically
spcaking, a typical ‘one-factory town,  nost citizens of ilinamata stood
firmly behind Chisso and condemned the Fisheries Union's demand for the
shut-doun of the chemical plant. (For example, about 85 percent of the
labour force in manufacturing sector was shared by the employees of
Chisso in 1500, while 1 percent of the total labour force was in fishery
sector in the same year., TFurthermore, about 50 percent of the iiinamata's
tax rcvenues caue from the Chisso Company and its cmployecs in 1961.)

In addition, the existence of alternative theories on the cause of
niinamata discase, such as the anine theory and the ammunition theory,
also contributed to a settlement of this second dispute in favor of the
Chisso Company. In Lecember, 1959, Chisso again paid a total of about
$100,000 compensation but this tine they also immediately installed a
waste purification device. Simultaneously, Chisso also paid a total of
about ;205,000 to the iiinamata disease patients organization for their
pension fuads and as asolatium. In these agreenents, Chisso received

a pledge that cven if their waste water was officially determined to be
the cause of the disease, the fishermen and the patients would not demand

any additional compensation. This nledpe was to have a significant

2) These laus gave the Japanese government the authority to establish
effluent standards for certain designated areas but provided no
other measures to enforce the standards other than issuing orders
demanding improvements of effluent facilities.
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implication in the court trial which occurred later, since a medical
doctor of Chisso's lilnamata plant hospital had already reported to the
factory uanageuent that his cat experiments showed the cause of liinamata
disease to be the plant's waste water. The nanagewent has kept his re-
poTrt secret even after the press learned the existence of his report in
1968.

From 1960 through 1964, ifinamata disease was generally forgotten by
the general nublic because of the bright news of Japan's successful
economy. ieanvhile, researchers at Kumamoto University finally detected
orgainic mercury in the nuddy residuum discliarged from Chisso's iiinamata
plant thus verifying the Kumamoto researchers' earlier theory on the cause
of the iliinamata diseasec.

The final showdown began in June, 1965, witu the outbreak of .inamata
disease in the Agano River Basin in Niigata City on Japan's northwest
coast (see Figurc 1.1). On behalf of the knowledge accumulated by
Kumamoto researchers, it did not take long for the liinistry of fealth
and Welfare to announce that iliigata's iiinamata discase was caused by
eating fresh water fish which were contaminated by an organic mercury
comnound which had been discharged from the Kanose nlant of the Showa
Denko Company into the Agano River.

rieanwnile, Japan's llational Diet nassed a law to provide officially
“designated' victims of pollution and of pollution related discases free
medical care. They also replaced the age-old pollution control laws by
a new Water Pollution Control Law in which any violation of the effluent
standards would immediately be penalized. Uith orowing support from the

general public, the crganization of I'inamata disease paticnts at Niigata
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brougit a lawsuit against the Shova Denlo Company. Subsequently the
organization of iiinsiata disease patients at 'iinamata also brought a
lawsuit against the Chisso Company. The former organization won their
case in Scptewber, 1971, the other in larch, 1973, As of August, 1973,
there were 602 victims of ilinamata disease including 78 deaths in the

I'inarata region.

1.2.2 Ecological Aspect

Figure 1.3 suows the various mechanisms through which the dis-
charged mercuric compound can be transferred from its source, in this
case, the Chisso factory, to the necrvous system of human beings. Table
1.2 shows the amount of mercury discharpged into waste water by Chisso's
ilinamata plant from 1932 chrough 1966. A total of about 31 tnons had been
discharged into the cnvironment over this »meriod of time. Chisso's
iiinamata plant used a mercury compound {the concentrated acedic solution
of morcurysulfate) as a catalyst in nmanufacturing acetaldehyde. that
proportion of this discharged nercury was inorganic umercury, which does
not affect the hunan nervons system, and whai proportion was organic
mercury is notv yet known. Nevertheless, from the findings of tihe
Kumamoto researchers, we konow come portion of the discharge was organic
nercury. Tie organic mercury compounds, particularly, methylmercury, are
extreqnely narnful to humans mainly because of their low excretion rates
ana their specific attack on the central nervous system. The arrow in
Figure 1.3 {rom Ciuisso to tie hydrosphere represcnts the anount of

methylmercury directly discharged by the plant. llowcver, it has also
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Figyure 1.3 The passage of methyluercury
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Table 1.2 Production of acetaldeinyde aad
arount of discnarged mercury

 pr———
i

|

| Production cof Amount of l'ercury
: Acetaldeliyde bischarged into
: Year (tons) haste lVater (kg)
| 1932 - 1945 i 78,922 23,907
' 1946 - 1653 35,802 12,001 ;
' 1954% 0,059 2,851 .
: 1955 10,633 3,089
‘ 1656 15,919 4,678
. 1957 13,085 6,461
: 1958 14,436 4,097 l
¢ 1959 (Jan.-iiarch 1960) | 42,445 12,910

1960 45,141 4,956

1961 42,437 1,426

1962 24,033 308

1563 41,027 1,803 ’

1064 26,581 ! 764 :
| 1965 17,960 ! 614 i
! 1966 16,115 3 37
! . i

RECYCLING SYSTE:. OF UASTE 'ATER ;

' UAS CO.IPLETED IN JUNE 1966 !
1 | i
, 1967 ' 11,9¢1 f 0 |
: 1968 ‘ 783 i 0 ;
! i 4
f ! T ]
; TOTAL ‘ 456,352 ! 81,302 :

* Data for 1954 througlh 1958 are for calendar years and data for

1960 through 1268 are for fiscal years.
April 1 and ends i.arch 31, the following year.

The fiscal year begins



»een proved3 that micro-organistis in nud may transfor:: inorsanic mercury
into two organic mercury conpounds, nonomethyl- and dinethyl-mercury.
his process is indicated by another arrov from Chisso to hydrosnhere.
dgnce methylmercury sets into the hydrosphere, it is susnected of
reing transferred upward through the food chain of an aquatic environ-
ent, beginning with the first trophic level of phytoplankton aad ending
rith the highest trephic level of the human beinj. Furthermore, the
roncentration of methylmercury iay incrcasc at an alarming rate as the
-rophic level increases. Although this biolopical mapnification theory
\as not yct been verified in an aquatic ccosystem, its general validity
:as been well documented since the publication of Sileat Spring,
« typical explanation of this phenownenon is the 10 percent rule” of
cological efficiency originally presented by Lindenan. v According to
his rule, roughly speakins, 10 percent of the energy capturcd by any
ne trophic level will be passed on to the next trophic level. If there
re four trophic levels in a food cnain, the last trophic level wili
apture 0.1 percent of thie total energy captured by the first trophic
evel. DBut this rule can be applied only in the case of food, not in

he case of metals which may be found in the food. In other words, it

3) Wood, J. I, F. S. Kennedy, ana C. G. Rosen, “Synt! esis of methyl-
mercury conpounds by extracts of a methyanogenic Lacterium,”
Nature, Vol. 220, October 12, 1968, pp. 173-74,

4) Carson, Rachel, Silent Spring, Fawcett Publications, Greenwich,
Conn., 1962.

5) Lindeman, Raymond L., -‘The Trophic-Dynamic Aspect of Ecology,"
Ecolopy, Vol. 23, 1942.
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is hyvothesized t.at altiough about 90 percent of the captured energy
will be dissipated as heat and only 10 percent of it stored in thae
animal's flech, any awount of toxic netal such as mercury never dis-
appearcd as heat. The accunulation effect plus the long “half-life”
of mercury results in an increasing concentration of mercury along the
food chain.

Even if ve do not aprce with the validity of the above biological
magnification process in an aquatic ecosystem, chere is ample evidence6
that fisii may absorb toxic substances such as insecticides directly from
water possibly throuch their skin or eills. In spite of Peinert's con-
clusion that the accwmulation of insecticides via the food chain is
negligible in acuatic ccosystem, Figure 1.4 shows clearly .ow important
a role the biological magnifica:ion mechanism played in the Niigata
mercury pollution casc. On the horizontal axis, the distance fronm the
routh of the Apano river is measured in kilometers. Thae river in Figure
1.4 is shown to flow from right to left. The Kanose plant, which dis-
charged uwercury into the river, is Jocated at a point 60 ki on the hori-
zontal axis. On the upper-hand vertical axis, the mercury content in

7 The figure shows

fish is weasured in parts per million wet basis.
that downstream fish concentrate mercury more than upstrean ones, while

exactly the riverse result holds for benthos organism (the lower scale).

6) Sec, for example, Reinert, R., The Accumulation of Dieldrin in an
Alga, Daphnia, Gupny Food Chain, Ph.,D. Dissertation, The University
of bichigan, 1957.

7) ilet basis refers to tihe situation in vhich the samples are analyzed
as they are. Fresh fisn arc often analyzed on wet basis. On the
other hand, soune samples such as shellfish and algae nust be dried
first in order to prevent rottenness. In this latter case, we say
that the samples are analyzed on dry basis. (The author is in-
debted to Dr. .I. Fujiki for the above information.)
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Figure 1.4 Distribution of mercury in fish and
Benthos organisms along the Agano River
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If the high concentration of mercury in fisl is caused solely by
the direct intale of mercury from water through shin or gills, the
distribution of the mercury content in fish should have taken its peak
near the disclarging point where the concentration of mercury in water
is highest. These results indicate that the biological magnification
rechanisi nay be at work in aquatic ecosystems and, particularly in
tae casc of a river ecosystew, the mercury concentration in fish seenms
to be related to the physical distance considered from the discharging
point.

As shown in Figure 1.3, we assume that a portion of tie fish caught
by commercial fishermen are consumed by the fishermen and their families
and the rest are sold to other consumers. Once a human beins ecats fish
contaminated by methylmercury, it remains primarily in the parenchymatous
organs such as the kidneys and liver. ilowever, some passes through the
blood-brain barrier and inslicts severe toxic effects on the ncrve cells.d
Some intensive studies have been ygoing on at Xumamoto Hational University
on the clucidation of the nechanism by which methylnercury is transported
from the parenchynatous organs to the brain.

¥e have identified at ieast conceptually hov the discharged mercuric
compound can be transferred from its industrial source to the human being
through the trophic ievels of the food chain. This also explains why
the prelude to linamata discase was cxhibited by various symptoms in
cats, pigs, dogs, and crows. Since these animals arc situated on the
lower trophic levels of the food chain than the trophiic level which the

human occupy.

8) Takeuchi, T., "Biological reactions and pathological changes in
human beings and animals caused by organic mercury contamination,'
in Envirennental Jlercury Contanination, edited by R. Hartunpg and
B. Dinman, Ann Arbor Science Publishers, Aun Arbor, i‘ich., 1971.
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1.3 Abstraction of the linawsata Pollution Problen

In this section we shiow the relationships of the :inamata nollution
case described in Section 1.2 to the nore abstract problem described in
Section 1.1. Recall that ¢iids more abstract problem deals with the dis-
tribution over space (physical and/or non-nhysical) and over time of the
benefits and pollution costs generated by a growing cconomy with a ner-

fectly competitive market in a closed Tegion.

1.3.1 Tiae Case of Unknoun Causality and ilon-Physical Space (Framework 1)

First, we Jool at the .linunata nercury vollution case from the view-
point that the causality of the pollution effects is un'moun. In tuis
instance, we are interested in tiace consuwption of a “bad commodity such
as contaminated fish. ‘Yowever, there are no data available fiow .inamata
or other affected arcas on how much contaminated fisi peovle have con-
swied in any given tirme interval. Lastead we nust resort to the use of
a proxy variable for the consumption of contaminated fish. ‘e use the
nunber of inamata discase patients as such a proxy varicble.

Table 1.3 shows the cccupational distribution o¥ patients with
iiinamata disease in the city of liinamata. In the tine interval 1953-1957,
approximately 58 percent of the total number of 87 patients are from the
category of fishermen. In the time interval 1958-1959, the results are
rore distinctive. Approximately 75 percent of the total of 30 newly
found patients avc from the stated catesorvy. Table 1.4 shows the occupa-
tional distribution of patients detected by a general nedical examination
held in three different arcas between August 21, 1971, and tiarch 14, 1973.

The percentage of fishernen category in 'iinamata dronped from 58 percent
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Table 1.3 Occupational distribution of iidnamata
disease patients in iiinamata

1953 - 1957%

1958 - 1069*

!
|
!
'

Total rilo.

|

|

i

; |
i?btal No.
!
|

; i
: l
f of , ilo. of of ' No. of
. Patient : % i Deaths | Patients % . Deaths
; : ; i 1 !
. ? i ] l 1
Fisherumen ' g ! ! :
(Including { | | | |
Their Families) . 51 | 58.6%; 19 | 22 73.3% | 10
, ; ! |
Farners | 3 | [ | !
(Including ! ! ! |
Their Fanilies) 8 i 9.2 2 | 1 3.3 11
i f |
Retail ' o 0 0 | 9 0 0
! t
Other : ! !
Manufacturing 6 . 6.9 o ! 2 6.7 ' 0
!
Chemical ; f |
(Chisso ! | ; |
Employees) 3 ! 3.5 1| 0 0| o0
|
| !
Others 19 | 21.8 9 | 5 16.7 | 1
| | |
| §
: ! !
TOTAL | 87 flO0.0% 3] | 30 100.0% ! 12

* The time interval indicates tae period within which patients first
showed symptoms of [linamata disease.
out of the total of 87 patients are double counted as fishermen and

farmers.

In the period 1953-1957, three
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Table 1.4 Occupational distribution of paticnts with
iiinanata disease detected by a general medical
e x amination held between August 21, 1971, and
viarch 14, 1973*

P | T T Town o1 T Toum of |
N\, Area i linamata Goshonoura Ariake !
AN i ! i
j I ! ! f 1
. | No.of | No. of o, of
Occupation. ' Patients @ %  Patients . %  [Patients ' % !
' ! i !
. ! | t
. H |
Fishernen : 75 | 33.91 17 i 47.2 E 3 80 |
i i i |
. i |
Farmers | 338 ! 17.2 7 1 19.4° 2 20
‘ i
: | j ‘
' Retail 8 | 3.0, 2 sl 0o
| ?
| | : | ;
| Other i 5 f ' i
ilanufacturing 20 9.0 0o 0 0, 0
i ? | ' ! i
; B T ’ 7 <
‘ : +
Chemical z 5 f ' ?
(Chisso 1 ; | | , |
Employees) 22 ©10.0 0 ; C 0 0
: Ii i V '
I , ! :
Others .58 1 26,3 10 | 27.8; 0 0
: | | | |
1 1 ! |
, Total with ' ! i , 3
| tiinamata | } ! b :
| Discasc C221% 0 100.0 36° 1 100.0 10¢ 100
[ ! : : '
E !
Total No. of " !
Examinations = 1278 1856 931 g

* A general nedical examination was held in three regions in the city
of iiinamata and in three regions in the town of Goshonoura, both of
which had becn suspected of having many undetected iinamata disease
patients. As a control area, three regions in the town of Ariake
were selected and a general medical examination was also held.
a) Six out of total 221 paticents are double counted as fishermen and farmers.
b) Two out of total 36 paticnte are double counted as fishermen and farners.
¢) Two out of total 10 patients are double counted as fishermen and :armers.
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in 1953-1957 (Table 1.3) to 33.3 percent in 1971-1273 (Table 1.4).
Accordingly, the number of patients with ilinamata disease in other
catepgories increased in this same time span in the city of Minamata.

From Table 1.3 and Table 1.4, it is not unrcasonable to assume
that there has been a diffusion of iilinamata discase in the city of
iiinamata over the occupational dist. ibution of workers such as frem
fishermen to farmers, to retailers, to industry enployces. If we can
sonchow order occupational category on seme non-physical space, then
our inference is that there has been in the city of idnamata a dif-
fusion of !iinamata disease over a non-physical space over tinc.

Table 1.5 shows the breakdown of linamata disecase patients in
three areas in terns of the time intervals within which patients first
showed symptoms of !finamati disease. Detection was by a geneval medi-
cal examination held in the city of !linanate and in the touns of
Goshonoura and Ariake.  As shown in Figure 1.2, Goshonoura is on an
island 16.5 ki across the Shiranui Sca from i;inamata. On the other
hand, Ariake is located northwest of Goshonoura and faces the Ariake
Sea. These two urban areas can be arranped in terms of their physical
distance from i.dnamata. On a scale with [linarmata as the base,
Goshonoura would be second (about 16 ki from !iinamata) and Ariake third
(about 30 km from .inamata). Then Table 1.5 indicates that at each time
period the number of vatients with :linamata discasc decreases as physical
distance from the city of iiinamata increases. On the other hand, the
proportion of :linamata disease patients in the city of liinamata decreases
as time increascs. That is, in the time interval 1941-1951, all of the

total number of 10 iiinamata disease patients are from riinamata, 1In the
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Tablel.5 Distributiou over three consecutive time intervals
of riinamata disease patients detected by a general
medical examination held between August 21, 1971,
and kiarch 14, 1973, where each time interval indicates
the period within which patients first showed symptoms
of ilinamata discase

i \‘\\ Time 3 5 | ;
; N Interval | 1941-1951 ,  1852-1962 ' 1963-1372 !
! ) “\\ \ | i ! ‘ .
: . ! ilo. of ! lo. of | | No. of
| Area | Patients) % . Patients i % i Paticnts 5
! - : |
{ \l‘ ! ) I t
i !
' Minanata ! 10 | 100%: 172 | 92.5%] 87 i 60.55%
} i | '
% ‘ : — , 2
- ‘ ! | | |
{ Town of | , | 3 ‘
| Goshonoura Lo 0, 14 ! 7.5% 15 ! 13.9
; ‘ 3 | i
? ! f I |
Tovm of ‘ | ' z |
Ariake l 0 0 - 0 ! U 6 I 5.55
1 ’ i | . '
! l | | ! |
10l 10050 186 | 100% 108 | 100%

. TOTAL ;

g |




24

time interval 1952-1262, 92.5 pcrcent of tae total number of 186
iiinamata disease patients are from iiinamata and the rest are from
Goshonoura. The percentage of i:inamata disease »Datients in !iinamata
dropped fron 92.5 percent in 1352-1032 to 80.55 percent in 1963-1972.
Accordinqgly, the percentage of ilinamata disease paticnts in Goshonoura
and in Ariake increased respectively {row 7.5 percent in 1952-1302 to
13.9 percent in 1963-1972 and from O percent in 1952-1962 to 5.55 per-
cent in 1963-1972. lHence from Table 1.5 we may infer that the diffusion
of iliinamata discase has taken place over physical space over time.

Table 1.4 also shows that in every occupational category the number
of patients with :iinanata disease decreases with the increase in the
physical distance fron the city of iiinamata. Therefore, Table 1.4 and
Table 1.5 suggest that the diffusion of l'inamata disease has taken nlace
over physical space, over a non-physical space, and over time, provided
that we can order each occupational category on a non-physical space
axis. However, we are unable to verify this last inference, i.e., over
physical space, over non-physical space, and over time. Unfortunately,
data are not available at this writing on the occupational distribution
of ilinamata diseasc paticnts in the towns of Goshonoura and Ariake at
two different time points.

In sum, we have inferred from Table 1.3, Table 1.4, and Table 1.5
two diffusion hypotheses: (1) a diffusion of !'inamata discasc has taken
place in the city of liinamata over a non-physicai space over time:

(2) a diffusion of liinamata disease has taken place over physical space
over time. QOur ultimate interest is to find an econcmic mechanism to

explain and analyze these diffusion phenomena (see Chpater 4). In the
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meantire, we briefly pinpoint some practical reasons for these two
diffusion hypotheses.

First, we consider the question of why fishermen are the most
numerous victins of [inamata disease? Table 1.6 shows the difference
in nutritional characteristics between a finamata fisherman sclected
at randon and an average Japanese. One significant difference betwcen
tnem lies in the fact that the fisherman consumes nore than four tines
as much fish as an average Japanese. Because many fish in the ['inamata
region have been contaminated by methylmercury, we can safely say that
fishermen are more vulnerable to iiinamata disease than workers in other
category. Turthermore, because of the relatively Lish prices of neat
and dairy products, poorer people are more dependent on fish for a source
of animal protein. This may explain why in Table 1.3 and Table 1.4 the
occupational categories of the poor such as fishermen and farmers have
more patients with liinamata disease than the wmore affluent occupational
categories such as enmployees of the Chisse Conpany.

Second, we consider the question of why the number of patients with
ilinamata disease decrease with increasing distance from the city of
vinamata. This is due mainly to the fact that as onc goes farther away
from iinamata, fish are less contaminated by mercury and methylmercury.
According to Kumamoto researchers’ recent findings,9 fish contain on

the average 0.475 PPI! of mercury (wet basis) in the Bay of !linamata,

9) See Table 33 on page 80 in Epideniological, Clinical and
Patihological Studies of liinamata Discase Arter a Decade
(in Japanese), Unpublished report by Study Group of llinamata
Disease at Kumamoto MNational University, 1973.
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Table 1.6 Per capita nutrients per day of a iinamata
fisherman and an average Japancese (per grams)

| i One liinamata i
] . Fisherman* . AD Average Japanese
1 (Aug., 1972) | (1971)
1
; : @
i Cereals 468 E 374.7
; Potatoes 32 383.8
:Sugar and
confectionery 30 57.0
| Fats and Jils | 23 17.3
| {
,uts and Pulses | 22 72.9
I
' Vegetables | 396 268.6
’ 1
i Fruit 245 110.5
} Seaveeds , 0 \ 6.8
Condiments and |
Beverages 138 140.2
{ Fish and Shellfish | 410 84.2
i |
| Meat, Fays, and l
i1k % 38 162.6
|
Dairy Products and g
Processed Food ] 0 25.5
! TOTAL ’ 1,613 g 1,359.1 g

* When the data was taken in August, 1972, this fisherman lived
rear the city of [linamata and his age was then 45 years old.
See for data source Appendix 9.
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0.066 PPl (wet basis) of mercury near the town of Goshonoura, and 0.033
PPii (wet basis) of mercury near the town of Ariake.

In utilizing these data in Table 1.3, Table 1.4, and Table 1.5,
we may employ either Franework 1 or Franework 2 of Table 1.1. lowever,
there is a practical reason which prevents us f{rorn using Framework 2:
the towns of Coshonoura and Ariake, particularly the latter, can hardly
be grouped together with idnamata to form a closcd economy. Therefore,
we employ only Framework 1 by fixing a physical space point to be the
administrative area of the city of Itinamata as shown in Figure 1.5. Then
the diffusion process of rilnamata diseasc is considered to be taking
place over tire and over a social space witich is, in this case, composed
of different occupational groups or different cconomic sectors. Ue can
order various cconomic sectors in temms of the ratio of the number of
liinamata disease patients belonging to an econonic scctor to that sec-
tor's labour force, that is, in texms of patients per vorker. For
exanple, the larger the numver of paticnts per worker the farther avay
from the origin that sector is located. Alternatively, we may order
along the social space axis different economic sectors in terms of the
ratio of a sectorial value of output to that sectox's labour force, that
is, in terms of value of output per worker. The smaller the value of
output per worker the farther away from the origin. If these ftwo dif-
ferent sequences generate the same ordering of economic sectors along
each social space, we have an ideal case in vhich we can use one social
space to represent the two distributions. 1f not, we have to prefer
one to the other. As we shall soon see, the available data we can ob-
tain from [linamata suggests that we must use the latter case. Therefore,

we order the economic sectors in terms of value of output per worker.
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Figure 1.5 The administrative area of the city of Minamata
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Table 1.7 siowing the value of output ner worker by economic sector
has six columns and two rous. The second column shows the econonic sec-
tors ordered in terms of increasing value of output per worker (the data
in column 6). The third column shiovs tae sectorial total value of out-
put: the fourth, the sectorial labour force, Ni; thie fifth the sectorial
share of total labour force, Ni/N; and finally, the sixth colwuma, valud
of output per worker by cconomic sector. The data shown arc for two
tine points. As can be scen from this table, the ordering of economic
sectors in terms of value of output per worker is different for 1957
and 1971. In syite of tuis fact, we shall maintain the initial ordering
made in terns of 1957 data since this change in sequence is not important
to the definition of our problem. Table 1.7 (bottom) also shous the
values of two types of inequality measures,lo Theil's inequality measure
and the Gini index, both of waich indicate the decrease of inequality
measures from 1957 to 1971.

Table 1.8 shows patients per worker corresponding to each economic
sector ordered in terms of increasing value of output per worker, Both
Theil's inequality measurc and the Gini index again indicate the decrcase
of inequality in patients per worker amons cconomic sectors fromw 1957
to 1971.

Now, we summarize the first rows of Tables 1.7 and 1.8 in Figure
1.6 and the second rous of Tables 1.7 and 1.8 in Figure 1.7. 1In both
figures, each cconomic sector is ordered in terms of the 1957 value of

output per worker (Table 1.7) decreasing along tihe horizontal or social

-

10) See Appendix 2 for these computations.
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Table 1.7 Value of output per worker ly economic sector

| ! ! :
' : Labour| Value of Output
‘ Value of Force - i Per Worker
. Year i  Scctor Output Ny oo Hy/Ho Y;
; ‘ i . i
. 1957 | Fishery 5 10,510 224 0.0163 3 46.92 !
1 ' ! i :
: CAgriculture | § 698,152 5,707 10.41637 3 122,33
, ‘ ' i | !
: ' Other = i ! ;
1 tianufacturing! § 2,610,980 1 1,572 10.1146! 3§ 1,060.92 ‘
| : | ! ; : :
H ‘ ! ] | :
' " Retail x 5,200,577  2,55Y 10.18671 5 2,102.60 i
1 i t
: Chemical i 522,570,022 | 3,044 ;0.2053! L6,103,74
— i ’ L |
' L | I | ; :
11971 ; Fishery 3 637,564 | 182:0.020 3,501.9 ;
: ' ! ! ; |
! Aoriculture i | 1 % ;
| - (1970) L5 2,844,444 | 3,680 ,0.409 - 5 772.94 1
| | ? :
! Hlanufacturing! §22,249,194 © 1,909  0.212 , $11,654.00 @
: | | | | |
i . Retail 322,775,680 | 2,152 1 0.239 | }10,583.49 ;
| | X |
T i Chenical $26,753,694 1,066 , 0.118 ' 525,097.27

Theil's Inequality lieasure Iy (1957) = 0.26609 Iy (1971)

Gini's Index

Gy (1957) = 0.5718¢C Gy (1971) = 0.4

974

0.1997


http:Y25,097.27
http:10,583.49
http:11,654.00
http:1,660.92
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'

Table 1.8 Patients with i{iinamata disease
per vorker by economic sector
| | | } |
i Labour | i Patients :
I "o, of Force ! i Per Vorker .
Year ! Sector i Patients Wy Ni/N ; q
‘ ]
1 , ! !
1957 1 Fishery st 224 | 0.0163  0.2276
| Agriculture | 8 5,707 | 0.4163 | 0.0014 l
| | |
. Other : !
i vianufacturing 0 1,572 0.1146 ¢ 0.0032 L
: | |
| Retaii 0 2,559 | 0.1567 0 ‘
! . ! i
! Chemical 3 3,644 0.2658 0.0008 |
| |
I !
— |
1971 | Fishery 75 132 6.020 0.41203
i
i I
' Agriculture 38 3,650 0.400 0.01032 !
| |
l Other !
; vianufacturing 20 1,909 0.212 0.01047
I
| Retail 8 2,152 0.23°2 0.00371
| |
| Chemical 22 1,066  0.118 0.02063
i : ,

Theil's Inequality leasure 1, (1957) = 1.14632 Ig (1271) = 0.687668

Gini's Index Go (1957) = 0.7988 Gq (1971)

= 0.5805
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space axis. Since each economic sector occupics & fixed portion of tlhe
space axis which is provortional to its chare of total labour force, the
lahour force density along tie space axis is uniform in both Figures 1.6
and 1.7. In both figures, the left vertical axis mecsures in dollar terms
the value of output per worler and the right vertical axis the number of
patients with “iinamata disease per worker by sector.

Fronm Tables 1.7 and 1.8, or equivalently, Figures 1.0 and 1.7, and

the values of the incouality measures, ve notice that:

(1.4.1a) the value of outhut per worler increased from 1857 to 1971 at
every snacc noint (in thwe social space),

(1.4.1b) the inequality neasure of value of output per worker decreased
from 1957 to 1574

(1.4.2a) the nuaber of patients with 'inamata disease per worker by
sector increased from 1957 to 1971 at every space point (in the
social snacej:

(1.4.2) the incquality measure of aumber of patients with ilinamata

discase per worker decreased fron 1257 to 1271.

(1.4.1a) and (1.4.1L) are clearly in accordarce with our varticular dis-
tributive judement weak Social Justice ' discussed in Section 1.1. A
benefit (ths value of output per worker) penerated by i'inamata’s growing
economy increased at every space voint (in a social space) and time
noint in such a way that the inequality in tle spatial distribution of
this benefit diminished over time. lence, (1.4.1a) and (1.4.1b) imply
that, nmenerally speaking, peorle in ‘linamata arc better off now than

before. On the other hand (1.4.2a) and (1.4.20) <o not fully satisfy



Value of OQutput Per Worker

Figure 1.6 Distribution of value of output per worker and Minamata
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time t = 1957
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Vaiue of Output Per Worker

Figure 1.7 Distribution of value of output per worker and Minamata
disease patients per worker over non-physical space at
time t = 1971
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the weak Social Justice’ criteria. A cost (the nunber of patients with

Minamata discase per worker) neneratced by Tlinamata's srowing econemy did

not decrease at every space point (in a social svace) and time point, al-

though thie inceuality in the spatial distribution of the cost dininished

over tine.

That is (1.4.2b) Implies that the suffering is shared rmore equally

now than before, vhile {1.4.2a) indicates that the sufferirst increased at

every snace point over time. Therefore, the first problem we deal with

(Problem 1--the casc of unknown causality and non-physical space) can be

defined as follows:

Problem 1.A)

Problem 1.8B)

Problem 1.C)

Problem 1.D)

Under what conditions could the situation described in
(1.4.1a) through (1.4.2b) occur in ilinamata? (i.e., the
improvement in distribution of tlie value of output coupled
with the diffusion of "linamata discasc over a social space
over tine),

‘las it necessary that (1.4.2a) occur in order to achicve
(1.4.1a)? 1In other words, was it neccessary in ilinamata's
growing economy to increcasc the cost (the number of patients
per worker) in order to increcasc the lLenefit (the value of
output per worler)?

If 1.0 is true, wiy?

Are there any policies vhiich may eliminate the possibility

of (1.4.2a) while maintaining (1.4.1a), (1.4.1b) and (1.4.2b)?

U'e restatc this prohlem in more technical terms at the beginning of

Chapter 4.


http:unkno.rn
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1.3,2 The Case of Xnown Causality and Pliysical Space (Framework 4)

"e now look at the linamata mercury pollution case fron the viewpoint
that the causality of nollution effects is known. !le are interested in
the interrclationshinsg between the vroduction of good 1 (i.e.,

“ho producrtion of necvtaldchyd o, which areates a pollutant,
and the production of rood 2 (i.c., the production of fish), which is
contaninated by this pollutant. D“ecause causality is known, these con-
taminated fish arc not consumed, i.e., tliey do not appear in the market
place.

Table 1.2 in Sectjon 1.2.2 shows the production of acetaldehyde in
Chisso's i'inamata plant and the amount of mercury discharped i:to waste
water. ilost of this mercury is still in the Ray of 'iinamata at this
writing. Table 1.9 shows the size of the bidnazmata fisheries ennual catch
from 1954 to 1958 and their annual grouth rates all of which are negative.
Part of the data of Table 1.2 and 1.9 arc »lotted in Figure 1.8. This
figure shows the effcet of metallic pollution on the activities of the
fislieries. Table 1.10 shows the distribution of iiinamata fishermen over
physical smace not the social space. Spacc point 0 indicates the location
of the discharaing noint of mercury contaninating waste water which is
just outside of Chisso liinamata plant. Spnace point 1 through 7 indicate
the names of the fishing villages vwhich are also shown in Figure 1.5 of
the administrative arca of the city of '.inamata. These space points are
increasing distances from the discharping noint. MNow we nay construct
in Figure 1.Y the vhysical space axis with space point 0 at the origin.
The right vertical line indicates the amount 0F fish causht at cach swacce point

divided 1,y labour force of that space noint. Then this size of fish catch
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Tavle 1.9 Fish caught by tihe :linamata
fisheries cooperative

i Total quantity % Change
! of Fish Caught in Quantity !

Year | (xg) | of Fish |
I SN :

1954 | 279,435 383

1955 f 172,305 : - 44,51

1956 95,593 . - 57.51

1957 40,560 bl 2,04

1958 39,731 L 2,04

L

Table 1.10 Distribution of fishermen over physical space

Space { 0 1 2 3 4 5 6 7
Point |
l
| Discharging Tsukino-
| Point Umedo iarushima Ura - Funazu Yudo Modo Yunoko
|
No. of :
Fishermen | 0 23 82 49 44 52 85 23
r
Labour 5
Force : ? ? ? ? ? ? ? ?

e
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Figure 1.8 Production of acetaldehyde and
fish caught by the Minamata
fisheries cooperative, 1955-1958
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per worker may talke the shupell

of a monotone increuasing function over
physical space (see Figure 1.9). Although the author has no data to
verifiy this monotoner increasing functicn, his personal observation of
this area reveals that the ratio of fishermen to the labour force is
higher as you go further away frou the center of the city of iinamata.
This appears to be so since most industries arc concentrated at the
origin, i.e., the center of the city of iinamata. Therefore, if we
assume the equal productivity of fishermen, then

size of fish catch size of fish catch number of fishermen
size of labour force ~ number of fishermen X size of labour force

That is, the size of the fish catch per worker becomes proportional to
the ratio of fishermen to labour force which is likely to take the form
of a monotcne increasing function, although we do not have data on labour
force at each physical space point. This may justify the positively
sloped curve in Figure 1.9. The left vertical liae in Figure 1.9 measures
the per worker acetaldehyde production, the curve of which is nepatively
sloped along the physical space axis, since the number of workers working
for tihe production of acetaldehyde will decrease with physical distance
from the origin. Combining Figure 1.8 and Figure 1.9 we get Figure 1.10,
in which the size of fish catch per worker is decreasing with time at
every space point while the per worker acetaldehyde productioﬁ is in-

creasing with timc at cvery space point.

11) For convenience, the curve is drzwn in continuous form.
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Figure 1.9 Distributions of size of fish catch
por worker and per worker acetaldehyde
production over physical space
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This gives rise to our second nroblen (Problem 2--the case of known

Causality and physical space):

Problem 2A) Figure 1.19 shouws the steady decrease in size of fish catch
p ¢ r worker along the physical space as contrasted with the
steady increase in per worler acetaldchyde production along
the same plysical svace. Under what conditions can this
situation occur?

Problem 2B) Are there any policies which may correct this kind of
situation? Such policies must be based on appropriate

objectives.

We restate this problem in more technical terms at the beginning of
Chapter 5,

Before going on to thie next section, we discuss the realism of our
adopted Frameworks 1 and 4 (see Table 1.1) in aralyzing Problens 1 and
2 as described above.

Framework 1 assumes that the causality of nollution eff:cts is un-
knovn and space is non-physical. Specifically speaking, the causality
of ‘'inamata disease is assumed to be unknown. In stating Problem 1, we
have imnlicitly assumed that Framewvorl 1 is still valid for the 1273 data
on the occupational distribution of ‘tianmata disecase patients. lowever,
as Section 1.2.1 indicates, the causality of [linamata discase was dis-
covered publicly in the mid 1560's., This discovery proved that ilinamata
disease was caused by eating fish and shellfish contaminated by organic
mercury contained in the waster water from Chisso's :‘inamata plant. In

light of this discovery, is it realistic to assume that Framework 1 is
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still valid for the 1973 data? Tle answer to this question is yes. For
as Section 1.2.1 shows, we do not yct know completely the mechanism by
which discharged mercury is transported to the human nerve cclls. The
knowledge of the causality of liinamata disese does help medical doctors
to diagnosc their patients' illness but does not prevent people from
consuming contaminated fish because it is cenerally imvossible to tell
the difference between contaninated and non-contanminated fish. If we
know the wlole mechanism, we may then be able to differentiate in a
practical way between contaminated and non-contaminated fish (e.g., by
screening out fish from contaminated arcas). Therefore, togetner with
the fact that most discharged nercury is still in the vay of !linamata,
we may reasonably assume that Frameworl: 1 is still valid for the 1973
data.

Framework 4 assumes that the causality of pollution effects is
completely knotm and snace is physicai.’ Specifically speaking, it assumes
that the technological relationships between the production of acetalde-
hyde (good 1) and the production of fish (good 2) can be specified in
terns of the characteristics of pollution effects and the characteristics
of fish ponulation. Furthernore, Framework 4 assumes that the bargaining
tetween the Chisso Company and the inamata fishermer was done based on
these known technoloqical relationships. As shown in Section 1.2.1 anc
in Figure 1.8, the fact is that the llinamata fishermen had endured hard-
ships caused by a decrease in the size of their fish catch for at least
S years (i.e., 1954 - 1959) bhefore aékinq for commensation from the Chisso
Company. The bargaining between the ‘iinamata fishermen and the Chisso

Comnany was done in 1959 under conditions of unknown causality and of
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unknown techniological relationships Letween the production of good 1 and
the production of good 2 since Kumamoto researchers' organic nmercury
theory was not yet verified at that time.

“hat then is the implication of Framework 4 in analyzing Problem 2
in licht of this anparent contradiction? I!le are interested in finding
whether or not we can reconstruct the situation described in Fisure 1.10
(i.e., the stcady decrease over time in the production of good 2 along
the physical axis as contrasted with the steady increase over time in
the production of good 1), provided that we assume a perfectly competi-
tive narket and the known causality of pollution effects. Particularly,
we are interested in identifying the form of technological relationship
between the production of nood 1 and tlhe production of good 2, which
brings about the situation described in Figure 1.10. Compared to the
analysis of Problem 1, the approach ve adept in analyzing Problem 2 is
more normative. The situation we deal with in Problem 2 is not the one
that actually existed in !'inamata where the market gconomy did not take
into account the pollution cffects caused by the production of good 1
on the production of good 2, until 1959 when the situation became worse
and the bargaining took place between the Chisso Company and the iiinamata
fishermen. Instead we deal with a situation in which a market economy
internalizes these pollution effects whenever they exist. In anlayzing
Problem 2, we are interested in the extent to which this market economy
internalizes the vollution effects in order to bring about the given

Situation described in Figure 1.10.
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1.4 Important Policy Implications

In this section we discuss some reasons for using the particular dis-
tributive judgment called ‘weak Social Justice' in analyzing problems such
as those outlined in this study. Specifically, we ninpoint some weaknesses
in the marginality principle as used to evaluate public policies in cer-
tain areas including the pollution aspect of economic growth.

A dilemma which both developed and developing countries now face is
the problem of how to harmonize economic development and environmental
preservation. The nain driving force in cconomic development has been the
continual investment of savings in production facilities so as to increase
the size of the cconomic pie. For example, in the stage of cconomic
development in which most developing countrics are found, it is highly
inconceivable that a policy scientist would recommend that the nation's
scarce resources be used for the construction of waste treatment facilities
rather than the construction of tertilizer factories. A tynical case in
point is represented by the following statement by Oliver Weerasinghe,
ambassador from Ceylon to the U, at a United Nations symposium on the im-
pact of urbanization on man's environnent:

The two-thirds of wmankind who live in developing countries
do not share the same concern for the environment as the
other one-third in more affluent regions. The primary
problem for these developing areas is the struggle for the
bare necessities of life. It would, therefore, not be
realistic to expect governments of these areas to carry

out recommendations regarding environmental proteigion
which might impede or restrict economic progress.

12) This statement was reported as a part of news ""Pollution concern is
relative thing™ in Industry 'eek, June 29, 1970.
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On the other Liand, at a more advanced stage of economic development,
as in Japan, for example, it is cqually inconceivable that a policy scientist
vould recommend that industry be allowed to discharze untreated waste vater
into the environment.

he question then is how do we know at wvhat stage of development we
should start to take into account the problem of environmental protection.
Particularly, how do we know when we should switch our policy from say,
one oriented to maximizing economic prowth to one orierted to greater
nreservation of the environment. The former policy carries an implication
that public investments nust be concenirated in those areas v!' ich con-
stitute a bottlencck for the nation's cconomic growth. The latter policy
may carry an implication that public funds should be used to counter any
threat by a growing economy to the maintenance of the carrying capacities
of the enviromaent,

Vle may posc the same question fron an entreprencur's viewpoint. As
an entreprencur, how do we kiow when we should start investing marginal
capital in wasie treatnment facilities rather than in the expansion of
production facilities. A typical answer to this latter question has been
provided by the marginality principle which specifies the following:
if the net marginal benefit of additional capital! invested in production
activities becomes less than the shadov price or the net marginal benefit
of a new waste treatment facility, then the entreprencur should start in-
vesting in the waste treatment foacility. To the extent that net marginal
benefits may contain non-nonetary elements, the shadow price may certainly
depend on such psychological cost as people's negative attitudes towards

pollution,
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In a capitalist society, it is conceivable that the private sector
uses this marginality principle in evaluating alternative investment pro-
jects. But the society as a whole may incur a grave consequence if we
apply the marginality principle to the question of evaluating alternative
public policies such as maximizing economic growth or emphasizing greater
preservation of the envirenment. The use of the marginality principle
as the only basis for public policy evaluation is irresponsible.

Supnosc a policy scientist does not recommend a change in a govern-
ment's policy from one of maximizing cconomic grovth to one oriented to
greater prescrvation of the environment until the net annual benefit of
such a growth nolicy becomes less than the annual shadow price of the
preservation policy. Under these conditions, there are at least three
reasons why such a policy is a great disservice to socicty. First, the
marginality principle disregards any distributive aspects of benefits
and costs. Por example, as long as the costs of cconomic growth, such
as pollution effects are concentrated on a minority g¢roup such as fisher-
men, the marginality principle may certainly indicate that the govern-
ment need not change its economic grouth policy, since the marginality
principle depends only on aggregate indicators and not on any Adistribu-
tive indicators. As Section 1.2.1 has shown, the tragedy of ilinamata
disease was partly due to the fact that pollution took place when the
Japanese economy, with strong support from governmental policy, was

growing at a very rapid rate,
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Secona, tiue marginality vurinciole is unable to detect auy notentially
danaging phenonena outsice of the market place.13 ’Specifically speaking,
it is unable to accvunt the high deprec of uncertainty regarcing the im-
pact ol advanced tecino’ ., un ¢ environient, The finamata mercury
pollution case is a nriuwe cxammle of such a situation. ho knew in the
1950's that tae discharge of inorganic nercury can be converted into
orgainic ncrcury by microbizl reactions aund that a food chain can con-
centrate a toxic substance at an alarming rate? The warginality princi-
ple cannot calculate the »rooer cost of such a discharging operation un-
less tic whole nechanisw of the nercury transfer process 1s taken into
account by tie narket (i.c., tace price wecianisn). In effect, it is
possible that under circumstance of unknovm causality, the use of the
marginality princisle vould result in recommending the transtyer of labour
from the fishery sector to the chenical industry sector simply because
the fishery sector's productivity is extrenely lov compared to the chei-
ical industry scctor's nroductivity. Such action would result in the
generation of even more pollution.

Finally, because of the above tuo rcasons, the marginality princi-
ple way force certain wminority grouns (e..., the fishermen in the linamata
case) to become a scape goat for the misallocation of resourses. It nay
also allow a situation to go to a point of no return. For example, the

mercury content in Javanesce people's hair (6.5 »npm) is nore tuan twice

13) If the theory of sccona-best develops beyond its present stage,
it nay ~nable tiue marginality principle to take into account the
phenomena outside of the market place. Sce for the theory of

-

second-best Section 2.2.3.



as imuch as tlhat in Anerican people's hair (2.57 pum}14 Seemingly, the
only way to reduce tanis level of nercury would be to cat nothine. e
conclude that the marcinality principle as represented vy the public
authorities' handling of the llnamata disesse contributed to postponing
a real solution to tlie nationwide nercury pollution y roblem in Japan.
Thus, if the marginality principle 15 used to evaluate oolicy, we
may not escape the criticism of being irresponsible in the sense that
ve fail to detect a problen at an early stage of development and take
precautionary neasures apainst the further develonnent of the problem.
If tiie warginality principle is inaporopriate, what kind of criterion or
policy objective should be used to evaluate public policy? ‘e have al-
ready indicated in Section 1.1 that we usc as a Jdistributive judgment
weak Social Justice which has certain advantaces over the marginality
principle. “ieak Social Justice, ' under certain conditions, would at
least cnable a policy scientist to detect a problem if any exists, at
an earlier stage than the marcinality principle would. As an example,
let us take a lock at Ficure 1.3. This fioure clearly implies taat the
income of fishermen is decrecasing since 1954 aad the income of employees
of Chisso uinanata factory is increasing since 1954, Therefore, we
could knov as early as in 1955 that the income distribution in ".inamata
did not comply with ‘'weak Social Justice' vhich required in this case a
steady increasc of income of every worker and the cqualization of incone
anong workers over time. On the other hand, the marginality principle

would certainly say that the benefit due to the increase in the

14) Shiraki, Hirotsugu, "hercury Pollution in Jasan' (in Japanese),
™ A\ . 0} . ) - . 5 . . .
nesearch on Enviromcatal bisruption Tovaerd Interdisciplinary
Cooperation, Volune 2, ilumber 3, Vinter, 1973.




production of acetaldehyde was more than enough to compensate for the loss
due to the Jecrease in th. auantity of fish caught. Thus, "weak
Social Justice - could have raised a question as carly as in 1955 on
the validity of a set of public policies in iinamata, vhile the margi-
n&lity orinciple could not. The cxisting set of nublic policies ia
1955 did not, of course, restrict the blant's discharging oneration.
However, raising a question over an existing set of public policies
does not mcan that we have also identified policies that can be used to
cope with a situation wherc sveal Social Justice o is not satisfied. In
order to identify anpropriute nolicies, we have to kuow the structural
characteristics of the economy in question. Othervise, all we can do
is to insert policies arbitrarily into the econoiy with the hone that
the cycle of trial and crror may lead to a set of effective policies.
But it is unlikely thet this kind of arbitrary public intervention will
be beneficial uhile disturbing the wmarket mechanisn from acuieving the
efficient allocation of resources. As an example, suppose in 1955 we
found that the iacone distribution in !inamatu did not meet the criteria
suggested by ''weal Social Justice.’ vithout knowine that the external
diseconomy had not been internalized by the market econcwy, ve would
have been unable to devise any effective policy which could make the in-
come distribution in :inamata comply with ‘weak Social Justice.” 1in
other words, any systenatic study of the .‘inanata's incoue distribution
was impossible at least until July, 195¢, wvien the Kumawoto University's
Rescarch Team announced the orpanic mercury theory (sce Section 1.2.1),
thus suggesting the existence of an external discconomy in the .linamata's

market econony.
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In Chapter 3, we present a systematic way of arriving at public
nolicies which can be used to aciieve ‘weak Social Justice in auy mar-
ket economy. In Chapterss 4 and 5, we analyze Tinamata's srowine dual
econony by assuming two different causality scieies for the existence
of an external discconomy. !¢ then derive a set of public policies
for each causality scheme. Finally, in Chapter 6 we inteprate these
two different sets of public policies into a set of nolicies which can

be applied in a more general case.
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CHAPTER 2: LITERATURE REVIE!

2.1 Purpose of Review

This chapter has two objectives. One is to clarify the historical
developments leading to the methodology for space-time analysis recently
developed by Isard and Liossatos. In so doing, ve bepgin with a review
of the static analysic of modern welfare economics based on a particu-
lar set of value judments called Paretian value judpnents. Then we
see the difficulties that the application of static welfare economics
has had to the study of dynanic resource allocation in economic develop-
ment. After that ve introduce the work of Isard and Liossatos as a way
to remedy the stated difficulty.

The second objective is to clarify some of the important assumptions
vhich we employ in analyzing our problem. This is done at appropriate

~

times in later sections of this chapter.

2.2 llelfare Economics
2.2.1 Pareto Cptinality
lodern welfare econonics is based on a particular set of axioms
called the Paretian value judgments which Hathld summarizes as follows:
(1) The concern is to be with the welfare of all the
individuals in the society rather than with that of soue
mythicel entity called ‘Society' or 'State,' or vith that

of some special group or class...

(ii) Any non-economic causes affecting an individual's
welfare can be ignored...

15) Nath, S. K. A Reappraisal of llelfare Economics, Augustus I1,
Kelley Publishers, Hew York, 1969, pp. 8-10.

51
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(iii) An individual snculd be considered the best judge
of his economic welfare...

(iv) If any change in the allocation of resources increases
the income and leisure of everyone or at least of one person
(or more strictly one household) without reducing those of

any other, then the change should be considered to have
increased social welfare...

The first axiom above specifies the social welfare function, W, as a
function of individual utility functions, ug, and nothing else such that
W= W(ul... u®) where s is the number of individuals in the society. 1In
effect, this says that there is no roon for other living thinu. or the
natusal environment to be represented in the process of evaluation of
social welfare except tihrough man's welfare.  This axiom mi.ght have
proupted Boulding vho said that:

Economics... emerged out of a civilization, part of

Western Europe, that was created largely by Christianity

and which regarded man as the measure of all things and

the universe as existing mainly for his pleasure and

salvation.... The econonist... is much more apt to look

at things from a strictly human viev and while he would

no doubt regret the passing of the whooping crane, when

the chips are really down, the question he asks himself

is, what would it cost go preserve it?--cost in terms of

strictly human values.!
The second axiom limits the scope of varialles affecting an individual
utility function to only those whichare exchangeable in the market place
such as commodities and the productive services nccessary to preduce

these commodities. The third axiom assures that each individual is

capable of ordering different levels of utility and can decide what

16) See boulding, Kennreth, “Eccnomics and Ecology,” in Future
Environments of Worth America, edited by Darling, Frank Fraser,
and JoF~ P, Filton, The Natural History Press, Garden City,
New York, 1966, pp. 225-234,
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is most svitable for his own welfare. Based on the second and third
axioms we may write down the following ordinary utility function for

eacl one of s individuals

g:g‘g,._Gg,..g =1 . ..
u U(/l Yoo vi vo) g =1 5
where

y% = the gth individual's share of commodity Y,

v? = the gt individual's share of productive service v;
Finally, the fourth axiom, which is by itself sonetines referred to as
the Paretian value judgment, specifies that the partial derivative of
the social welfare function with respect to any individual utility
function is positive. In other vords, if we increase the utility of
one individual, say, g, while keeping the remaining (s-1) individuals'
utilities fixed, this incrcase in g's utility is assumed to have a
positive contribution to the value of social welfare function such
that J 1/ dué > 0.

The economy consists of both the production and distribution of
commodities and the productive services necessary to create these conm-
modities. Assume a social transformation function, which specifies
the technolegical relationship between commodities and their productive
services such that

T(Y; « « o Yoo Vo v o V) =0
where n is the number of different commodities and m is the number of

different productive services,
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=yl s _—
Yj = R 41 for i=1...n
. = S =
VJ vV, o+ . . . 4 Vj for j 1. ..m

Then the above defined Pareto-type social welfare function, !/ = !'J(u1 c . ud),
can be used to determine the socially optimum distribution of n commodities
among s individuals, the socially optimum composition of output of these n
commedities, and the socially optimum allocation of the nm productive fac-
tors among the production of the n commodities. These three optimum composi-
tions characterize the social ontimum according to a given social welfare
function and are consistent with the above social transformation function
and two resource constraint conditions. The crux of Paretian welfare
economics is the proposition that this social optimum achieved by the con-
strained maximization of a social welfare function can be realized through
a perfectly competitive market system.17 This proposition states that a
perfectly competitive market wechanism characterized by atomistic profit
naximizing producers and atomistic utility maximizing consumers satisfies
in equilibrium the neccssary conditions for (1) a technological production
optimum (a technologically cfficient allocation of scarce productive fac-
tors) in which the output of any commodity cannot be increased without re-
ducing the output of some other commodity; and for (2) a Parctian exchange
optimum (an optimum distribution of both commoditics and their productive
services awmong consumers) in which no consumer can be benefited without
hurting another. The necessary conditions for a technological production
optimum and a Paretian exchange optimum arc called the Paretian optimum

conditions.

17) For the rigorous proof of this proposition under certain assumptions,
see, for example, Nikaido, H., Convex Structures and Economic Theory,
Academic Press, 1968, Sect., 17 of Chapter S.
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2.2.2 Externality
After Buchanan and Stubblebinel8 we may define an externality in con-
sumption such that an external effect or an externality is present given

the following utility functions for any two individuals, r and g:

n

ul = uT(y?, vl)
i

for i, k=1...n
uf

8(yE, v3, yT

That is, the utility of an individual, g, depends not only on his oun

comnodity-productive service bundle (y% e yg, v% .o vi) but also on

r's (the other individual's) share of the k-th commodity, yr

k'

Buchanan and Stubblebinc define that a marginal external economy exists when

Furthermore,

e)ug/:§yi >0 (i.e., r's share of k-th commodity makes a positive contri-
bution to uf) and a marginal cxternal discconomy exists when Su8/ ?yg <0
(i.e., r's share of k-th commodity makes a negative contribution to uf).
After stating this original analytical definition of an externality
Buchanan and Stubblebine went on to declare that “full Parcto-equilibrium

can never be attained via the imposition of unilaterally imposed taxes and

subsidies until all marginal externalities are eliminated'l9 .

18) Buchanan, James i.. and !m. Craig Stubblebine, 'Externality,"
Econonica, November, 1962, pp. 371-84.

19) Pigou, on the other hand, had argued that the presence of external
econonies and diseconomics presents a prima facie case for the
public authority to intervene by taxes or subsidies to bring
about a Pareto optimum. See Pigou, A. C., The Economics of
Wlelfare, Third Edition, !acilillan and Company, London, 1920,

Part II, Chapter 9, pp. 174-205.
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Full Pareto cquilibriun is defined to be present when the marjzinal
rate of tecimical transformation between the k-th commodity and the numcraire
commodity, j, (i.e., the warginal cost of k-th comodity, (E)T/JYk)/
(>T/ ij)), is cqual to the sum of two terms: (1) g's marginal subjective
rate of substitution betueen r's share of k-th comnodity and g's snare of
j-th coumwodity (i.e., (;7u8/?\y€)/(i)u3/=3y§)) and (2) 7's marginal sub-
jective rate of substitution betucen 1's share of k-th comnodity and r's
share of j-th commodity (i.c., (Qéur/ivyf)/(é ur/2>y§)). In other words,

»
-

the following reclationship holds at some point Yy = (say) Qﬁ
. N

(2.1) dubs ayT YuT/ dyp 2T/ Yy
A( + =
dub/ dy8 dut/ oyt AT/ 7Y,
j j j
where

But, after Nath?® we can say that were either one of the following two
situations arc feasible, the perfectly competitive market mechanism can

achieve the situation depicted in equation (2.1):

20) Nath's discussion is mainly in terms of marginal external economies.
See Natn, pp. 65-72. 'le have confined our discussions to marginal
external diseconomies. For these are relevant to our problem.
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(2.2) the marginal external diseconomy imposing individual, r, and
the marginal external diseconomy suffering individual, g, are
able to negotiate that the former siould nay the latter for
compensation in damage done to the latier by tue former's
production activity;

(2.3) through the auspices of some central agency, any damage done
by the marginal external diseconony imposing individual to
the marginal external diseconomy suffering individual will be
compensated by the imposition of unilaterally imposed taxes.

Thus (2.3) shows that full Pareto-equilibrium can be obtained with the
imnosition of unilaterally imposed taxes even if a marginal external dis-
econory exists.

This is the position we take in our own work in Chapter 5. In other
words, we assume that there is no institutional and/or technological
reasons which prevents the market from bringing about the necessary condi-~
tion for Paretian optimality as shown by equation (2.1). External dis-
economies, which satisfy (2.2) or (2.3), are referred to later as a

Buchanan-Stubblebine type external diseconomy (see Chapters 3 and 5).

2.2.3 Second-Best

21 analyzed the question of whether or not it

Lipsey and Lancaster
was desirable to meet the other Paretian optimum condition if for some
reason one of the Paretian optimum conditions cannot be fulfilled. In

answering tais question, they defined a "second-best' optimum point as

21) Lipsey, R. G. and K. Lancaster, ''The General Theory of Sccond-
Best,'' Review of Economic Studies, Vol. 24, No. 63, 1956, pp.
11'32 [
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the one in which a social welfare function was naxinized subject to a
social transformation function and a constraint that one of the Paretian
optimun conditions was violated. A violation of the Paretian conditions
may occur if there exists instituticnzl and/or technological reasons
which prevents the equality in (2.1) from being achieved. This situa-
tion may be duc either to the failurc to induce v to pay compensation
for damages to g or to the failure to impose a marginal tax, or to mis-
calculate the value of this tax, on r's performance of his activities.
Externalitices caused by this second-best situation are referred to later
as a lath-type externality (see Chapter %).
Lipsey and Lancaster proposcd the following general theorem for the

second-best optimum:

... given that one of the Paretian optinum conditions

cannot be fulfilled, then an optimum situation can be

achieved only by departing from all the other Paretian

conditions.
This theorem?? has been proved wrong first by Davis and Yhinston?3 in the
case of a scparable social welfare function and a separable social trans-
formation function.44

This theorem shocked cconomists. For a long time they had lived

with an implicit belief that, in Wath's words: ... the greater the number

of the various nccessary conditions which could be satisfied in an econony,

the nearer the system would be to such an optimum,

22) See Nath, pp. 49.

23) Davis, 0. A. and A. B. Whinston, ‘'Welfare Economics and the Theory
of Second-Best,” Review of Economic Studies, Vol. 32, io. 83,

January, 1965, pp. 1-14.

24) A function f(x; . . . x;) is separable if and only if

£(x) - - o xy) = fl(xl) e +fn(xn).
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In other words, cccnomists believed that the greater the number of
Paretian optimunm conditions wihich could be satisfied in an cconomy, the
more efficient use of resources would be achieved. This assumntion is

an important theorctical basis for the analysis of public investment.

25

~

dorrison“’ also shows the possibility that the application « certain
policy instruments may preserve the Paretian conditions at the second
best point.

In Chapter 3, the theory of second-best is included in our methodo-
logical framework of the analysis. However, the sccond-best problem can

be ignored in the ilinamata situation because we assume condition (2.2)

described in Section 2.2.3 has been satisfied.

2.3 Isard-Liossatos's llethodology
2.3.1 Optimal Growth Theory

Ramseyzé, by ignoring distributional considerations altogether,
was able to apnly to the dynamic problem of resource allocation over time
a technological ~oncept of efficiency (i.e., the concept of a techno-
logical production optimum) which was developed as a result of the static
analysis of welfare economics. Thus, he became the founder of optimal
growth theory.

Ramsey analyzed the problem of a society with a given initial amount

of capital choosing the optimal growth path of consumption over an infinite

25) [HMorrison, Clarence C., "Gumeratizations on tne wihodolepy or
Sccound-gest,' Yestern Economic Journal, Vol. 6, Ho. 2, iiarch, 1968.

26) Ramsey, Frank P., ''A ltathematical Theory of Saving,' The [Lconomic
Journal, Vol. 38, 1928, pp. 543-59,
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time horizon. In this case, society's objective was to maximize, over

the infinite time horizon, the cunulative sum of the society's net enjoy-
ment per unit of time. Ramsey, after Harshall,27 defined society's net
enjoyment per unit of time as the difference betueen the instantaneous
rate of social utility of consumption and the instantaneous rate of social
disutility of labour. Hence, by ignoring the distribution of commodities
nroduced by socicty, Ramscy was able to avoid 2 Paretian exchange concept
(i.e., the Parctian value judments) and succeeded in extending a static
concept of technological efficiency to the dynanic resource allocation
problem over time.

In analyzing his prouvlem, Ramsey rejected the practice of discounting
future utilities in comparison with earlier utilities by simply saying
that such practices are —ethically indefensible.” Unlike Ramsey, many
modern students of optimwn growth theory have used a discounting method
as a means to insurc that the cumulative sum over a time horizon of a
society's instantancous utility function takes a finite value. Ramsey's
views have been reemphasized recently by d'Arge and Kogi!:u:z8

If the human race faces the possibility of extinction
by pollution (or othexr neans) over a finite interval,
are intergenerational utility comparisons defensible?
Within a different context, Dasgupta recently suggested
that a "'small positive discount of the future” may be
accepted as "ethical .,.. lowever, if ‘e assume that
each generation can be exactly separated from others,
then current generations with higher rates of time
preference may actually climinate the existence of some

distant future generation. The faster we consume in a
closed resource systen:, the more rapidly extinction

27) ilarshall, A" fred, Principles of Economics, Volume 1, Maciiillan
and Company, London, 1858, Chapter 2 in Bock 5 and Note 12 in
Appgndix, Pp- 409 and 795.

28) d'Arge, R. C. and K. C. Kogiku, Economic Growth and the Natural
Enyironment, Vorking Paper #1, Program in Environmental Economics,
Dept. of Economics, Univ, of Calif., Riverside, Calif., April 1971.
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occurs. [Mhile the utility of distant gencrations nay

seem valueless now, if we were that distant generation,

ve very vell could value our continued existence at our

approaching infinity.
Because we believe that in the study of pollution, the practice of dis-
counting is truly “ethically indefensible,”' this study deals with a non-
discounted finite time horizon.

A problem which naturally arises at this point is to define in
economic terms, what is meant by a finite time horizon. Stone?? nrovides
us with an answer. He divides the time horizon into two parts, short-
run and long-run, and assumes that social welfare functions for the short-
run and the long-run have been specified. The world specified by the
long-run social welfare function is a world of steady growth in which rele-
vant variables such as consumption, the labour available, etc. grow at
some constant rate. This long-run social velfare function deduces the
boundary conditions on the values of stock variables such as capital, ctc.
at the end of the short-run time horizon. Then the short-run problem is
to find an optimal growth path of stock variables over the finite time
horizon in the light of the short-run social welfare function so as to
satisfy the prescribed initial and boundary conditions,

Optimal growth theory has beer applied extensively to the economics
of development aiming at the efficieat allocation of scarce resources over
time so as to maximize the prescribed aggregative national welfare. In

most cases, the assumption has been made that distributive judments such

as interregional equity or interpersonal equity is considered to be a

29) Stone, R. lathematics in the Social Science and Other Essays,
The 11.I.T. Press, Cambridge, liassachusetts, 1966 , pp. 31-32.
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matter of subjective judgment. A typical case of this value free attitude

on the part of optimal growth theorists is represented by the following

statement by Datta—Chaudhuri:so

Given tiie savings behaviour of the two regions, the
planning problem is to allocate thie total savings

of the nation among the two regions at each instant

of time in such a way that the nation as a whole
acquires a desired level of capital stock, irrespective
of its geographical distribution, in the shortest
possible time (emphasis added).

However, a fcu scientists have felt unconfortable with this value
free assumption and have tried to integrate the efficiency aspect and the
31

equity aspect of resource allocations. For example, Mera™" analyzes the

dynamic resource allocation process inm a nation with two regions. UHe
maximizes the efficiency objective of national welfare subject to a pre-
scribed value of an equily objective which specifies the relative welfare
relationships among regions. As 'lera noted, his analysis is essentially
in line with the approach advocated by Harglin32 in the field of benefit-
cost analysis in which distribut ve judgments are given the status of a

constraint on the analysis of efficient allocation of resources.

30) Datt:-Chaudhuri, !lrinal, “'Optinmum Allocation of Investments and
Transportation in a Two-Region Econony,” in Karl Shell (editor),
Essays on the Theory of Optimal Economic Growth, The N.I.T. Press,
1907.

31) hMera, K., Efficiency and Equalization in Interregional Economic
Development, Ph.D. Thesis, Harvard University, June, 1965, Chapter
8.

32) llarglin, S. T., '"Objectives of Water-Resource Development: A
General Statement,'’ in Design of llater Resources Systems, edited by
Arthur liaass, Harvard University Press, 1962, pp. 17-87.
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In analyzing his problem, iiera divides an infinite time horizon into
a set of discrete points and makes an important assumption as to the inter-
action between the equity aspect and efficiency aspect of resource alloca-
tions. He assumes that at the end of cach discrete time neriod the govern-
ment redistributes cither capital or labour or both so as to meet the
equity objective. In the next time period, the redistributed productive
factors in each region are used in such a way that the efficiency objec-
tive of national welfare is maximized. This cycle of redistribution of
productive factors and cfficient use of vedistributed productive factors
is repeated throughout the entire time horizon.

ilera's analysis, however, makes the redistribution process of pro-
ductive factors external to the market mechanisn characterized by the
efficiency objective of national welfare. He does not consider the func-
tional relationship between the equivy aspect and efficiency aspect of
resource allocation. This lack of functional specification makes liera's
analysis inapplicable to the case of equitable resource allocation in a
capitalist economy. For in a capitalist economy the government may
achieve the equity objective not by dominating the market mechanism but
by employing certain policy instruments in compliance with the workings
of the market mechanism. Therefore, liera's approach is not appropriate

for the analysis of our problem.

2.3.2 Optimal Space-Time Developuent Theory
In a series of papers, Isard and Isard and Liossatos made a very
important contribution to the analysis of dynamic resource allocation

problems. After a critical analysis of notions of time, Isard presents a



conceptual framework to analyze the evolutionary characteristics of a
society. liis conceptual framework is based on general relativity theory
and field theory in physics. Tsard and Liossatos then go on to avply
his conceptual framework to the analysic of a particular evolutionary
process in a society: the development of a primitive agriculture in an
isolated region. In doing so, Isard and Liossatos present a methodology
called optimal spacc-time development theory. Thus, they succeed in
introducing a general concept of space (both physical and non-physical)
into optimal growth theory in order to analyze the dynamic resource
allocation processes over both time and space. This section summarizes
their contribution.

As one of the critical aveas for future rescarch, Isard®> sugpgests
the need for the analysis of the evolutionary characteristics of a gociety
in order to integrate spatial analysis and temporal analysis in social
sciences into a general dynamic or peneral evolutionary theory.

In the first of his triology on the interrelations between the two
primitives, time and distance (space), Isard critically evaluates existing
theories;

I observe our location theories, our transportation-

land use-rent theories, our general equilibrium theories,
our spatial classification and description techniques,
and our welfare analysis. They do not capture the
evolutionary character of our society, its life cycles,
the sequences of actions and reactions that characterize

its decision making, etc. They do not capture real time
itself in its diverse manifestations.

33) [Isard, W., General Theory: Social, Political, Econonmic, and
Regional, Cambridge, llassachusetts: The i.1.T. Press, 1969,
Chapter 16.
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"le may justifiably ask, “Yhy do we hLave so little geod
dynamical social theory?” Could it be tlat we have failed
properly to conceive and define the hey concept--namely
time, as it relates to processes?34

Then Isard ~oes on to examine the concept of time in order to arrive
at some society-neutral cracept of time so that we can obtain a deeper
understanding of the evolutionary characteristics of all types of socicties.
He identifies as onerational concepts of time two general models: cardi-
nal tirme and ordinal time. Ordinal time is defined in terms of an ordering
of nrocesses or events over tine. Cardinal time, on the other hand, in-
cludes any linear transformation of universe time, sucl as calendar time,
geological tine, and life-cycle time, Isard defines universe time to be
distance in terms of unit time fronm some sunrise at which we assume the
earth began, where the unit of time is defined to Le the distance wiaich
one marks off alons the scale to represent what transpires uetveen two
successive sunrises. Geologic tine used by geolorists may start at the
zero »oint as does universe time, but its units are era:s or ages. Life-
cycle time is distance fron some reference point in calendar time such as
the bLirth of tiie organism, the state of a husiness cycle, etc. Isard
then descrites the ongoing processes of a society in terns of these two
general models of time. Any society can, therefore, Le represented by a
voint in n dimensional Fuclidean time-space vhose coordinates are either

cardinal and/or ordinal tine.

34) Isard, !'. On ilotions and 'lodels of Time,  Papers of the “egional
Science Association, Vol. 25, 1970.
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Then Isard considers tie other vrimitive, distance. There are nany
concepts of distance which social scientists have svwoken of. As examples,
Isard identifies:

physical distance;

economic distance measured in terms of transportation coc*s:

time-cost distance;

social distance.
"e may certainly rlot a state of a society in m dimensional Euclidian
distance-snace where n is the number of different distance concepts, that
is, conmponents of o distance vector. One problen, then, is to analyze
the interrclatiouships between the n-dimensional Euclidean tine space and
the m-dimensional EBuclidean distance space as they relate to various
social processes. To help solve this problem, Isard explores the inter-
relationships between the two primitives, time and distance.

As is clear from Isard's definition of universe time, one can mea-
sure any type of cardinal time in terms of distance from a roint of
reference. TFor example, we measure calendar time in terms of distance
from some zevo point, such as the birth of Christ: Ordinzl time, on the
other hand, can be marked off along a line in terms of “greater' or ''less
distance froma predeternined ox arbitrarily set reference point. Hence,
time becomes essentially a derivative of the basic concept of distance.
Certainly, the possibility of dealing with these concepts in & reverse
way exists. In Isard's words,

Yle may conceive of distance as time in the sense that we
can take a common experience, two successive sunrises,

and observe how much distance is covered by a ray of

light during what transpnires between these two successive
sunrises. This distance could then be viewed as SYnonymous

with, and thus translated into, a unit time.... It would
be more feasible, for example, to translate into a unit of
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time the distance defined by the change in position of

a shadow cast by a specific fixed object on tvo successive
sunrises, averaged over the 365 (or 366) nairs of successive
days during the course of a year. Given the distance as
equivalent to a unit of universe time, all distances could
then be converted into units of universe time.35

However, as Isard notes, it is much easier in terms of operational efficiency
to measure time in terms of distance than to measure distance in terms of
time. Ilence, Isard employs distance as the basic primitive to intepgrate

both spatial analysis, as is done in m Jimensional Luclidian Jdistance-space,
and temporal analysis, as is done in n dimensional Euclidian time-space.

dow we have a single coordinate system, called a space-time continuum, that
can be used as a framework to describe the evolutionary character of a
society,

Mevertheless, it is highly possible that diffcrent societies have
different perceptions of space and time. This is so especially when
societies are subject to different rates of change {e.g., the growth and
decay of relevant variables) and to changes in thesc rates (e.g., accelera-
tion and decceleration). In order to make the properties of a space-time
continuun variant among societies, Isard develops a framework where tho
geometry of space-time is affected by the distributive characteristics of
relevant variables as well as changes in these characteristics. Also, the

distributive characteristics can be affected by the geometry of space-time.

35) See Isard (1970).



In the second and third paper of his trilogy?6’ 37 Isard, therefore,

presented the problem of describing tle state of a society (the distribution
of relevant variables in a society) in terms of a non-rigid (Riemann)
space-time continuum. In analyzing this problem, Isard shows quite rigor-
ously the uscfulness of the field approach as characterized by general
relativity theory and field theory in physics. The field approach is showm
to be useful in describing the interdependence between (1) the distributive
characteristics of relevant variables and their changes in a society, and
(2) the space-time continuunm,

Isard and Liossatos went on to apply this field approach to the analy-
sis of a particular evolutionary process in a society: the development of
a primitive agriculture in an isolated region. They explain the background
for their problem:

... imagine the develonment of a primitive agriculture
inan isolated region wherein there is, loosely speaking,

a continuous distribution of population (and labour) eking
out subsistence from lunting and gathering of wild fruits.
The introduction of this primitive agriculture is sparked
by some point in space and time (x,t) which we designate
(0,0). As a consequence of the successful application of
this advance, we have as initial conditions for our model

. spatial pattern of consumption of a nev agricultural

good which falls off very sharply from x = 0, and a spatiai
pattern of capital which is also highly concentrated. This
primitive agriculture catches on and spreads out in space
and grows in time.38

36) Isard, . '"On Relativity Theory and Time-Space Models," Papers of
the Regional Science Association, Vol. 26, 1971.

37) Isard, W. "Spatial Interaction Analysis: Some Suggestive Thoughts
from General Relativity Physics,' Papers of the Regional Science
Association, Vol. 27, 1971.

38) Isard, i/, and Panagis Liossatos, 'On Optimal Development over Space
and Time,' Regional Science Perspective, Vol. 3, 1973,
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They then build a mathematical model to describe the development of a
primitive agriculture in this isolated region.

In analyzing this problem, Isard and Liossatos postulatc that the
spatial spread is only aloag a line, the x-direction over a finite inter-
val [0,R], where B indicates the furthest space point in this isolated

region. They definc

Y(x,t) = output of a new agricultural good (the good) mer unit
of length and per unit of time at space-time point (x,t).

C{x,t) = consumption of the good per unit of length and per unit
of time at space-time point (x,t).

K(x,t) = capital stock for production of the good per unit length
at (x,t).

k(x,t) = investment of capital per unit of length and per unit of
time at (s,t).

U(x,t) = the flow of the good through a space point x per unit of

time at time t.
UX(x,t) = net export of the good per unit of length and per unit
of time at (x,t).
wix,t) = £(C(x,t)) = welfare at (x,t), per unit of length and per
unit of time, which is a function of the consumption of
good at (x,t).

Then Isard and Liossatos proceed to describe the behaviour of a whole
region with regard to the diffusion of a primitive agriculture over space
and time. They specify the equations vhich characterize the dsitribution
of the good over space und the change in this distribution over time. That

is, they specify the system interrclationships in terms of the space-time
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continuum, where the system is defined to be the set of all space points.
In deriving these system interrelationships, Isard and Liossatos employ the
field theory anproaclhi. In their words:

Treatment of snace as a continuous variable is in one

sense a natural outgrowth of the introduction of field

theory into our framework, since in field theory a change

at one point in the field affects the neighboring points

and so on in unending fashion. Thus, system interrelation-

ships are expressed in terms of local relationships, that

is, in terms of partial differential equations which to-

gether with appropriate initial and boundary conditions

specify the behaviour of a whole system over space and

time,3”
The equation for these local relationships at space-time point (x,t) is

. 40
given as
(2.4) C(x,t) = Y(x,t) - X(x,t) - UX(x,t)
which is called the local supply = demand cquation for the good. Isard and
Liossatos nresent a model for optimal growth with two independent variables,

space and time, for the development of a primitive agriculture in an isolated

region. They call this an optimal space-time development model:

39) 1Isard and Liossatos, Regional Science Perspectives, 1973.

40) An extension of this equation to the three dimensional space-time
continuum is presented in Appendix 3. Isard and Liossatos presented
a derivation for this equation :hich does not use the field approach.
For this, sec Isard, V. and P. Liossatos, '‘Trading Behaviour (Trans-
port), iacro and Micro, in an Optimal Space-Time Development ifodel,"
London Studies in Regional Science, Yol. 5, 1974,
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ilaximize
Rt
(2.5) e[ fe(x, ) dx dt
‘0

subject to

(2.4) Cx,t) = Y(x,t) - K(x,t) - U¥(x,t)

vhere I is the social welfare or system welfare function of this repion ani

tl is the »lanning horizon.

However, this model generates unsatisfactory results in which the out-
put of the good, capital stock, and consumption of sood arc all constant for
all space voints for any fixed point in time. This uniform distribution
situation is apparently contradictory with the assumed way in which a primi-
tive agriculture is transmitted {rom point to point in the isolated region.
Hence Isard and Liossatos modify (2.4) by postulating that the cost of capital
investment increases with distance from the initial point of agricultural

development. In other words, (2.4) becomes
(2.6) Clx,t) = Y(x,t) ~ (1+ n()IK(x,t) - U*(x,t)

where n(x) is some rapidly increasing function of x and n(0) = 0.

Then the new optimal space-time development model is to maximize (2.5)
subject to (2.6). This model still yields a nonsensical result in which
consumption of the good is constant over space for any fixed point of time.
On the other hand, capital stock and output of the pood comply with the
assumed pattern in which both capital steck and output of the pood are nega-
tively sloped curves along the space axis and increase at all points of
space over time. In order to climinate this contradictory result, Isard and

Liossatos introduce the concept of transport cost by postulating that shipment



of the good tarougi, any sjace point is done by the peonle at that space

point. Thus (2.v) is revuritten as
(2.7) Clx,t) = Y(x,t) - (1 + n(x))i(x,t) - UX(x,t) - & U(x,t)
wvhere 6 = transport cost ver unit flow of the good per unit length.

Tuen the final version of the orpinal optimal space-tiue develoyment
nodel is to naximize (2.5) subject to (2.7). This ostinal soace-tine
developrent rodel succeeds in describing the develosrent of a wrinitive
agriculture iu an isolated repgion. That is, capital stock, outnut of the
sood, and consuiption of the ¢ood decline with an increase in x for any
fixed tiuwe point, but at all space points on x, these turee variables in-
crease vith tinme,

In subsequent pasers, Isard and Liossatos gemeralize this’simglified
ontiral space-tine development wodel in several directions.?l ‘e review
only those parts or taeir papers waich are relevant to our problen, the
asalysis of tie impact of pollution in vinamata., First, they introduce
lavbouy as a basic factor of production so t!at the production for any

space-time point is nostulated as

i

(2.8) Y(x,t) = F(X(x,t),L{x,t))

the amount of labour employed in production at (x,t),

vhere L{x,t)

tae available labour Leing unboundad.

41) For a sumary of tleir findings, sec Isard, W, and P, Liossatos,
'Optinal Space-Tinme Developrient: A Swamary Presentation,” The
Proceedinpgs of the Conference on Dynaimic Allocation in Suacsj*
hasselby Castle, Stoclkholm, Sweden, August 20-22, 1273.




73
Accordingly, Isard and Liossatos employ a iiarsiall-Ramsey type welfare
function
w(x,t) = £(C(x,t)) - v(L(x,t))

where  f£(C(x,t)) = a utility function of consumption of the good at (x,t)

it

1]

v(L(x,t)) a disutility function of labour at (x,t).

Then the original optinal space-time development model can be modified

(version 1) as follows:

Jaximize
B tl
(2.9) W =/ (1 (Fem,t) - vLix,t)) dx dt
0 ‘0
subject to

(2.7) and (2.8).

Under the assumption of increasing return to scale for a disutility
function, version 1 generates a new result, in addition to those results
yielded by the final version of the original optimal space-time develop-
ment model. In version 1, the amount of labour used dccreases with ar
increase in distance from the origin, x, and increases with time at
every space point.

Secondly, Isard and Liossatos42 introduce pollution as a basic vari-
able affecting space-time development into version 1. They deal with

growth situations where there exists initially a larce stock of pollution,

42) Isard, il. and P. Liossatos, “Transport Rate and Pollution as Basic
Variables in space-Time Development,'’ London Studies in Repional
Science, Vol. 4, 1973.
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and vhere this stock increases with distance from the orizin., Isard

and Liossatos define a new variable:

R(x,t) = the stock of pollution (a ‘bad” commodity) per unit of

lenpth at (x,v).
Accordingly, the welfare function is postulated to be
wix,t) = £(C(x,t)) - g(R(x,t)) - v(L{x,t))

where g(R(x,t)) = a disutility function of the stock of pollution at

(x,t).

Furthermore, Isard and Liossatos postulate that the time rate of change
of the stock of the 'vad comaodity devends on the production of the

good and the amount of the abatement good, J(x,t). That is
(2.10) R(x,t) = « F(R(x,t),L(x,t)) - © J(x,t)

where « and Q'are dimensional coefficients transforming the good from
good units to pollution units. Since the abatement good, J(x,t), is
defined to be the amount of good which is used up to yield abatement,

the local supply=demand identity equation (2.7) is modified to read
(2.11) C(x,t) = Y(x,t) -~ (1 + n(x))K(x,t) - UX(x,t) - S U(x,t) - J(x,t).

The new modification (version 2) of the original optinal space-time
development model is then to
maximize
B t,
(2.12) W ={ / YOEC(x,t)) - g(Px,t)) - v(L(x,t))) dx dt
070
subject to (2.8}, (2.10), and (2.11).
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This modification (version 2) yields, in addition to those results
~ generated by version I, tiie equation governing the abatement process
and what Isard and Liossatos describe as twe ~unexpected: findings:
(1) the stock of a ‘bad’ commoditv increases with dJdistance, that is,
AR(x,t)/ O x > 0: (2) the stock of a 'bad’ commodity declines with
time, that is 2 R(x,t)/>t <0. These latter {indings are not so un-
expected in light of the situation described in Figure 1.7 in Section
1.2.2. In that casec, the stock of a bad commodity, R(x,t), corres-’
ponds to the auount of mercury in fish. As Figure 1.7 shows, this
pollution stock variable increases with distance if we take the origin
at the discharging point of mercury contaninated vaste water, that is,
60 km from the moutit of Apano river. Furthermore, it is hienly con-
ceivable that this pollution stock variable decreases with time with
the introduction of abatement good.

Nevertheless, version 2 is inadequate for the analysis of onc of
our problens, for in iiinamata the sufferings have come from eating ‘con-
taminated fish.' In other words, we are interested in the consumption

of a 'bad’ commodity, not in the stock of a 'bad” commodity.43

43) It is true that the stock of a '"bad’ commodity (the amount of
mercury in fish) can affect the extent to which people who con-
sumed the ''bad’ commodity suffer. But, as Section 1.2.2 of
Chapter 1 has shown, we do not yet know completely the nechanisp
by which discharged mercury is transported to the human nc.ve
cells. Especially, we do not yet know the exact interrclationships
between the anount of mercury discharged by a factory and the
amount of mercury stored in fish, and between the amount of mer-
cury consumed by an individual and his degree of sufferings.

Under these circumstances, it may be more effective to concentrate
our analysis on the consumption of a "bad" commodity rather than
assuming scnme arbitrary relationship between the stock of a 'bad"



43a)

commodity and its rate of change over time. Therefore, in
Chapter 4 we postulate that a 'bad " cormodity is a byproduct433
of a composite good. In other words, we assume that as long

as the production of the good continues, fish are contaminated
assuming of course that the production of the good is accompanied
by the discharge of uwercury into the sea.

Based on the definition of a "byproduct' given by ihitcomb, we
define a “'bad" commodity j as a byproduct of a good commodity i
if the production functions for i and j are given by

Y(y,Vo,Vi) = 0 i = 1 . . . N

Z(z,vo,vj) = 0 j=n+1 PR |
where

y = output of good i

Z = output of ''bad" j

v; = input for the production of good i

vj = input for the production of 'bad" j

v’ = a joint input

In the case of i'inamata mercury pollution, the joint input is
discharged mercury.

See Nhitcomb, David K., Cxternalities and t'elfare, Columbia
University Press, New York and London, 1972, pp. 22-28.

Finally, Isard and Liossatos®? analyze the problen of public invest-

ment in transportation facilities. Accordingly, the transport cost per

unit flow of good, ¢, is postulated to be a function of the public

capital stock, Kp(t), invested in transportation facilities at time t:

(2.13)

where

& (L) = g(K(t))

dg/dkq <0 (i.e., for increasing Kr, G decreases).

44)

Isard, !'I. and P. Liossatos, 'Transport Investment and Optimal
Space-Time Development,'' Papers of the Regional Science

Association, Vol. 31, 1973.
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Fox simplicity, Isard and Liossatos drop the labour factor and the pol-
lution factor from this model. Then they deal with this public trans-
port investment problem in two cases: an open economy and a closed
econony.

With respect to an open economy case, Isard and Liossatos assume
that the funds for public transport investment are provided by flows of
goods from the outside world into the system at the origin. ‘rhen ver-

sion 3 of the original optimal space-time development model is to maximize

Bt
2.5) W= ( ; f(C(x,t)) dx dt
0 0

subject to
(2.14) C(x,t) = Y(x,t) - k(x,t) - KT(t)g'(x) - g(KT(t))U(x,t) - U¥(x,t)

where 8 (x) is a delta function defined as

by
/

i

'

j d(x)dx =1 and bH(x) =0 for x¢0.

-
Version 3 yields, in addition to those gencrated by the final version of
the original model, the important result that the spatial irequality in
the consumption of goods decreases with time due to the public transport
investment. If therc is no transport cost as in the original nptimal
space-time development model, the flow of a good between two different
space points depends upon, among other things, the price differential of

a good at these two space points.4b

45) For example, see Ohlin, B. Interregional and International Trade,
Harvard University Press, 1967, Chapter 1.
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If the price of a good is higher at space point X, than at space
point xy, the good will flow from x; to X,, thus leading toward equaliza-
tion of the price of the pood at these two space points. In a nerfectly
competitive market, in which our optimal space-time developuent rmodels
function, the price of a good is eaual to the marginal utility of the
consumption of that good. If there exists no transport cost, then the
price and the consumption of a good are equalized at every space noint,
instantancously, as the original optimal space-time development model
has shown. Uith the introduction of a positive transport cost, the rate
of flou of a good from space ,oint Xy to Xy and of the consumption of good
at x; and x, is delayed as the final version of tho.original optimal
space-tine development model has shown. Therefore, the decrecase in trans-
port cost through public investment in transportation facilities acts
to speed up the equalization of the consumption of a pood at Xy and x, as
version 3 has shoun.

With respect to the closed economy case, Isard and Liossatos postu-
late that the funds for transport investment must be provided by the
system itself through taxation. Then the local supply=demand identity

equation (2.14) is replaced by

(2‘15) C(x:t) = (1 "L)S‘)Y(xyt) - K(x:t) - KT(t) 5()() - g(KT(t))U(X,t) =
UX(x,t)
where 5'= a flat (constun?) tax rate on the production of goods

at all space points, 0 < & <1,
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Furthermore, Isard and Liossatos recuire that the sua of taxes collected
in the system is exactly cqual to tho inflow of good, U(07,t), into the

system at the origin:

B
(2.16) u@-,t) =5/ Y(»,t) dx
)
where U@o~,t) = lim U( - £ ,t).
>0

Then version 4 of tlie original optimal space-time development model is
to maximize (2.5) subject to (2.15) and (2.16). Version 4 spccifics
that the consumption of goods increases with time and decreases with
space, and capital stock decreases with space, provided that the public

transport investment is increasing with time.

2.3.3 Social Justice Criteria

In their analysis of optimal space-time developricnt models, Isard
and Liossatcs made anothey important contribution in their paper46 in
wihich a distributive judgment was finally integrated with the analysis
of efficient allocation of resources over tims.

They first clarify their notion of a distribution by presenting it
in two observable forms, namely, a distribution over real physical space
and a distribution over non-physical, abstract space. Lxamples of the
latter type of distribution arc:

a frequency distribution of population (household units) by size

of income;

a frequency distribution of populatien (houschold units) by number

of effective contacts (interactions) with key public officials.

46) Isard, W, and P. Liossatos, '‘Social Injustice and Optimal Space-
Time Development,' Journal of Peace Science, Vol. 1, No. 1, 1973,




