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ABSTRACT

Many cities in the United States are considering surcharges on indus-
trial wastes having a strength greater than domestic wastes bécause (1)
industrial wastes have risen a great deal due, in part, to increased wages,
(2) waste treatment requirements and costs have been rising, and (3) the
Environmental Protection Agency is requiring, as a pre-condition for their
grants, that industries pay an equitable share of municipal waste treatment
costs. This study is directed at helping cities make decisions about these
charges by estimating the effect of surcharges on industrial wastes dis-
charged into municipal systems and on the quantity of water demanded from
municipal systems by industrial firms. The gains to soclety that are pos-
gsible with the introduction of surcharges are also estimated.

Multiple regression equations based upon an operational theory of how
industries respond to sewage surcharges were specified for estimating
elasticities of demand. Next, 198 time-series observations were obtained
from 34 cities in the United States that have been using surcharges. Citiles
do not change their waste and water charges very often. Hence, the data
contalned practically no price and quantity variation within cities, but
there was considerable variation across cities.

Nevertheless, the data from these cities do substantiate the negative
relations hypothesized among these prices and quantities. Surcharges do
seem to cause a reduction in industrial wastes, and the cities with high
surcharges on BOD have less industrial biodegradable waste to treat than
those with low surcharges. Surcharges on wasﬁes also cause a reductien in
the industrial use of water. The available evidence also supports the con-
clusion that cities which charge the most for water sell less water to

industry per $1000 value added in manufacturing and receive fewer pounds of



waste from industry. The level of confidence in these results is quite low.
Confidence levels are expressed in terms of probabilities in the final parts
of Sections V‘and VI. About all that can be said is that higher surcharges
and prices for water do‘seem to have a negative effect on waste levels and
the use of water: It is somewhat clearer that higher real wage rates have
been associated with increased use of water by industry to flow away more

pounds of waste,
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I. SUMMARY AND CONCLUSIONS

The realization that the assimilative capacity of our aquatic enviren-—
ment is now a valuable resource has made water pollution an issue of
national concern in recent years. At the same time that the industrial out-
put of wastes has been increasing, citizens of the United States have become
less willing to live with polluted waters. As a result, various government
policies are being studied to reduce or control the discharge of industrial
wastes. One such pollution-control strategy involves the Environmental Pro-
tection Agency's requirement that industrial waste treatment payments to
cities be equal to the municipal cost of treating industrial wastes. This,
in turn, has caused many cities in the United States to levy surcharées on
industrial wastes.

Sewer surcharges are based on the strength of industrial wastes. They
are usually levied on biochemical oxygen demand (BOD) or suspended solids
(SS) above some minimum level. Surcharges provide an incentive for industry
to reduce the water-carried wastes they discharge to the city that is not
present in ordinary sewer charges based on the volume of water alone. Sur-
charges are not a replacement for regulations. Municipalities still pro-
tect themselves agailnst the discharge of untreatable wastes into theilr sewers
through the use of regulations. Surcharges are levied on those wastes which
can be conveniently handled at municipal treatment facilities. Regulations
are used to prohibit the discharge of toxic wastes and other industrial
pollutants which cannot be treated by the city.

One motivating force behind this study was a need to describe and under-
stand surcharges and their relatiomship to water quality management. Also,

city managers need some ideas about .how industry will respond to surcharges




when they present such propesals to city councils apd when they plan facili-
ties for water and waste treatment. Specific objectives were to estimate:
(1) the effect of surcharges on the quantity of waste discharged by
firms in;o municipal systems, .
(2) the effect of surcharges on the quantity of water demanded by firms
from municipal systems, and
.(3)‘;he galns to society that are possible with the introduction of
surchgrges.yu
.The procedure followed in this study involved the development of an
operational theory for industrial response to surcharges. .Models were .
derived indicating how firms respond to changes in surcharges, the price
of water and normal sewer, and wage rates under the assumption that they
are maximizing profits. The theory was then translated into observable
variables, and multiple regression procedures were specified for estimating
elasticities of demand for water and ﬁaste‘treatment, Next, 198 annual -
0bserv§tiops from 34 United States cities with surcharges were obtained so
that regressioen coefficients could be estimated and the elasticities calcu-
lated. Aggregate social gains resulting from the use of surcharges were .
~also estimated.

.. Surcharges are being used by cities of widely different sizes and
ipduFtrié; compositions. Mest of the cities which supplied data are located
in the southern and western parts of the United States and have only started
using surcharges within the last few years. Surcharge and waste levels,
‘along with the prices of water and normal sewer service and water usage
levels, tgnded to be‘qenstant within cities relative te between cities. As
a result, the data base contained mostly cross-sectional variation and the

time~series compenent of the data did not centain enocugh variation to




estimate the industrial response to surcharges within cities. The lack of
within-city variation in the data base and unexplained differences among
cities meant that the errors in some of the regression equations were not
independently distributed. Thé final parts of Sections V and VI explain
the wide confidence intervals that should be assigned to the coefficients
and present results from several subsets of the data.

Two regression equations were chosen to illustrate the economic impli-
catiéns of levying a surcharge. They were based on all of the available
data and provide an average which is associated mainly with differences
amqng‘ditiesl Not all cities should expect to observe responses this
large, since these are merely averages, nor should they expect the totai
effect to show up in the first year. The main conclusions from these equa-
tions were:

1) A 45 percent reduction in pounds of BOD per SlOOO value added in
manufacturing would be expected if a modest surcharge of $27.00 per 1,000
pounds of BbD were introduced where none had been used before. This sﬁr—
charge could alsp result in a 42 percent reduction in water usage.

2) At this average surcharge of $27.00, an increase of 10 percent in
the surbharge (above and beyond the rate of inflation) would be expected to
cause an 8 percent reduction in wastes and a 6 percent reduction in water
use. The imposition of a surcharge could have even larger effects 1f
industry finds it easy to move. to another city. The‘above estimates were
based on the assumption that modest changes in suréharge rates would not
cause industry to relocate.

3) Assuming a gross marginal price of water of $.40 per 1,000 gallons,
a 10 percent increase in the real water rate (above and beyond the rate of

inflation) would be expected to cause a 7 percent reduction in water usage



and about a 10 percent reduction in the pounds of industrial wastes.

4) Increases in wage ratés relative to cost of other productive inﬁﬁts
and relative to the cost of water and sewer services have beén associatea with
dramatic increases in the use of water to flow away wastes. That is, both
industrisl water usage and waste loads have increased directly with iﬁcreases
in wage rates in the recent past. |

5) The average gain to socilety as a whole from the introductien of sur—
charges of $27,00 per 1,000 pounds cf BOD was estimated to be $.53 per $iOOO
value added in manufacturing. The value added in manufacturing by the fouf
major industries contributing BOD was estimated to be $85 billion ih 1970.
Thus, a rough estimate of the gain to soclety associated with usingvéur-
charges on BOD was $45 millien per vyear. Costs of moﬁitoring wastes and
administering gsurcharges were not subtracted in arriviﬁg at the above esti-
mate. Partially offsetting this, other industries contribute roughly'7 per;
cent of the industrial BOD and some establishments, such aé commerciai
laundries, would logically pay surcharges. Incidentally, this $45 million
figure is also a rough estimate of the cost to industry of the 45 percent
reduction in their BOD mentioned in (1) above. Tﬁis amount per year is
modest compatred with other estimates that one sees regarding costs of waste

treatment.




II. RECOMMENDATIONS

Recommendations Regarding Use of Surcharges

Cities that are receiving sizeable amounts of industrial waste materials
which are also costly to treat or discharge to rivers should be charging
industry according to the pounds of‘these wastes, Thig applies to items like
phosphates as well as to BOD. Charges provide logical incentives to industry
to reduce these wastes to whatever extent they can reduce them at the source
more cheaply than the city or sanitary district can treat them. In order to
contribute to general welfare, the city should charge no more than it costs
the city to treat the wastes. This recommendation that surchargés be used
only applies 1f the costs of monitoring and billing can be kept much lower
than the corresponding charges. The recommend;tion has little té do with the
study being reported here, but the study does reinforce the idea that sur-
charges do work and do provide an incentive to reduce wastes.

In conjunction with this research and in cooperation with the Water
Quality Division of the North Carolina Department of Natural and Economic
Resources, the Water Resources Research Institute (1972) published a packet
of “Suggestions and Guidelines for Cities That Are Considering Surcharges."1
One simple billing procedure described in this packet is that used by Tarboroe,
North Carolina, where industrial sewer service bills are either 60 percent of
the water bill of 10 cents per pound of BOD, whichever happens to be greater.
This gets around the negative effect of defined normal levels in that they
reduce the net cost of additional water (see the discussion of Figure 3
below). Anothef way to avoid the perverse effect of defined normals is to

bill industry separately for volume and for waste loads. Salem, Oregon;

lCopies may be obtained from the Water Resources Research Institute,
124 Riddick Building, North Carolina State University, Raleigh, N. C. 27607
for $2Q07 A3 5%



Chicago, Illinois; and some other cities are doing this. Chicago further
requires that firms calculate and pay their own bills.

Recommendations for Further Research

Further study of industrial response along the lines of this study is
not recommended at this time. The data base is too small and the other:
sources of difference from city-to-city too large to make reasonably éigni-
ficant results possible. Besides, for most policy purposes, one wants to
estimate the time-series response for a given set of industries rather than
the cross-sectional response. The latter includes in the price responses
any past tendencies for water-using industries to have located and‘stayed
where water and waste treatment costs were low. |

One alternative is to take a case study approach and estimate indus-
triél responses to surcharges within individual cities that do have several
years experience. By studying the waste and water usage levels of selected
industrial groups within cities before and after a surcharge is imposed,
city estimates of the industrial demand for waste treatment and water can
be quantified. The overall response of a particular industrial group with;
iﬁ a city would be of interest to other clties which have similar industrial
compositions and are considering adopting surcharges. This approach should
élso permit description of major adjustments in industrial processes in
terms of changes in waste loads and water levels over time.

Another meaningful unanswered question pertains to municipal waste
treatment cost functions. The approach in this study has been to assume
that municipalities have constant waste treatment cost functions and that
surcharges reflect their net costs of treating BOD. Relevant information
for a particular city is how costs change with heavier waste loadings and

the implications of the cost structure for waste treatment charges.




‘Recommendations Regarding Stream Charges

The effectiveness of surcharges within cities does not impiy that states
should levy stream charges on cities and industries that are:usihg our rivers.
There is a natural tendéncy to use evidence of industrial response to'sﬁr-
charges to support the idea of stream charges. This study only lends suppoft
to the idea that industries and cities would respond. The higher the stream
éharge the less will be the quantity of treated waste dumped into the river.
To the extent that cities and industries could treat their wastes for less
than stream charges, they would "voluntarily" do so.

However, there may be better alternatives, better institutioné than
stream charges, for the management of water quality. Water and’sewer utilitiles
can‘be key institutions in the process of any change toward more rational use
of our rivers. These utilities often draw water from streams, treat it, and
discharge wastes. Utilities departments are also likely to be aware of
demands on streams by parks and recreation departments. Henée, the water and
sewer departments of one city should be in an ideal position té negotiate with
similar departments in other cities for higher (or lower) stream sténdards.
State governments can establish institutions which encourage this kind of
negotiation among cities and other major dischargers that must share the same
river. One type of institutional change would involve state governments or
river authorities issuing "discharge rights." As described by Mar (1971),
these should be "transferable'" among users and defined in terms of the quality
of the river at a point. Permission to discharge would not be transferable
among reaches. If a downstream city or fishing‘group pays an upstream city
for part of its rights to discharge wastes, then this part of the upstream

city's rights are withdrawn ot simply given up for the specified time period.




Surcharges now in use by many cities don't carry any impligatioq thatq‘
stream charges are more desiraEle than a systeﬁ of transferable diééﬁérge
rights. Mar'é system of trénsferable’discharge rights could give cities and
industries’the same type of incentive to reduce their wastes as would stream
Qharges. Once a eity realizes that they can sell their discharge rights to
downstreaﬁ interests, they will be aware of the value of these rights. The
opﬁortunity to sell the rights means that they have a value (cost) every bit
as real as a sﬁream charge. One economic advantage of the idea of encourag-
ing transfers aé oppbséd to charges fixed by the state is that transfer
pricgs will convey more information about the value of a cleaner stream. A
political advantage is that granting discharge rights approximately equal to
‘current ;ights woul& not involve as large é redistribution vaproperty as a
gtream chargg.

.- One imﬁortant thing to :emember as our legislatures debate the idea of
stream charges ig that not all‘points on a stream have the same value (imﬁ
plicié scarcity value of the water itself or implicit value of waste assimi-
laﬁive capacity) and the capacities and uses of streams vary a great deal.
Legislatéd pficing schemes are almost always going to be too simple to ace
comodate these differences invvalue.

It shouia be evident that this ncfe of caﬁtion about stream charges ;é A
not basedkon the study at hand. It is based on.relatéd thgught and a @esire
to keep the resﬁlts of this study ffom being‘extended too far. There is a
need to consider’ééministrative’and economic aspects of alternative institu-

tions for the management of stream quality.




III. BACKGROUND AND THEORY
The International City Management Association (19705 reported that 1l
percent of the 1,160 cities surveyed levied sewer surcharges on industrial
firms which discharged strong wastes. The survey indicated that many large
westerﬁ cities were using surcharges.

Nine cities in North Carolina -- Ahoskie, Charlotte, Clinton, Dﬁrham,
Goldsboro, Greensboro, Monroce, Tarboro, and Winston-Salem -- are known to
be levying surcharges on industrial wastes. Table 1 shows the current sur-
charge rate in several cities, whether it is levied on BOD, SS or both,‘and
the waste strength over which additional wastes are subject to a surcharggm
In addition, Lumberton will begin levying a surcharge of $43.60 per 1,000
pounds of BOD in excess of 500 parts per million, pﬁm, as soon as thelr new
waste treatmenﬁ plant is completed.

In Durham, North Carolina, for example, the sewer surcharge bili for

firms having a BOD strength of more than 250 ppm is calculated as follows: .

P=MGxBx.8@34
where
P = thousands of pounds of BOD to which surcharge applies,

MG = million gallons of wastewater‘disdharged,

B = strength of wastewater in pounds of BOD per million pounds of
water, ppm, OVer 250, and

.8.34 = pounds per gallon water.
Then
S=Cx?P
where
S = surcharge bill per month, and

C = surcharge rate, now 380 per 1,000 pounds of BOD.



Table 1. Surcharge rates of North Carolina cities as of March, 1972

Date Numbex Surcharges in Waste strength
surcharge of dollars/1,000 in ppm over which
went into | industries pounds there is a surcharge

City effect charged | BOD 3s BOD - : as
Charlotte 1956 21 60 - 250 -
Clinton Feb. 1972 1 35 35 500 _ 300
Durham July 1970 24 80 -— 250 -
Goldsboro 1971 5 38 - 600 -
Greensboro 1962 20 21 21 300 300
Hendersonville Apr. 1972 0 30 -- 250 -
Lumberton 0 b4 - . 500 -
Monroe Jan, 1970 8 21 - 250 -
Tarboro March 1972 5 1002 - 0? -
Winston-Salem 1970 15 9 9 300 300

#B11l is based on total number of pounds of BOD discharged times $.10/1b.
or as 60 percent of water bill, whichever is greater.

Previous Work

Ethridge (1970) has summarized a sizeable literature in which economists
have pointed ocut. the importance of economic incentives in pellutien contrel.2
In general, effluent charges create a market-like situation in which preo-
ducers are provided a signal relevant to their production decision about
waste removal. Ethridge also developed a theory of industry's response to
sewage surcharges given the alternatives of in-plant waste reduction, munici-
pal treatment, and flow augmentation. Ethridge then used regression analyses
to estimate the effect of surcharges on the wastes discharged from poultry

processing plants and on the quantity of water demanded by poultry processing

2References that provide additional background on surcharges are Maystre
and Geyer (1970), Kneese and Bower (1968), Penman (1967) and Schroepter (1951).
An article by Ethridge (1972) provides a concise summary of his thesis.

10




firms. He also quantified the relationships between water use,(the watér and
normal sewer charge, and the surcharge. Ethridge specified an inverse expo-
nential mathematical structure to explain the relationship between BOD dis-
charges by poultry processing firms and surcharges. As shown in Table”2, hg
found that a one percent increase in the surcharge was associated with a .51
percent decrease in BOD. A one percent increase in the water and normal sewer
charge was associated with a .75 percent decrease in BOD, When a linear
rather than an inverse exponential relationship was specified between poultry
plant wastes and surcharges, Ethridge obtained a similar estimate of .45 for
the percent decrease in BOD with a one percent increase in the surcharge.
Ethridge specified anbexponential relationship between surcharges and munici-
pal water use by~poultry processing plants. A one percent increase in the
surchafge was assoclated with a .44 percent decrease in water use. A ohe
percent increase in the water and normal sewer‘charge was assoclated with a
.63 percent decrease in water use.

Ethridge anticipated two of the potential values of this study by noting
that regressions could be specified to explain the interactions between sur-
charges, industrial waste treatment, and Industrial water use for cities as
a whole. 1In addition, he recognized that adjustments for differences in
industrial mix and output acroxx cities and over time would be a major prob-
lem in this context. He felt that these estimates of changes in the demands
for waste treatmenf and water use would be useful to city planners. Ethridge
also identified the social returns to municipal sewer surcharges and explained
how social returns might be calculated. However, he did not make a quanti-

tative estimate of the contribution of surcharges to social efficiency.

11



Table 2, Elasticities from Ethridge's regression analysis of five poultry
processing firms that have been paying surcharges during recent
years (27 observations).

A one percent increase in the Was associlated with the'following
price listed in this column percentage reductions in
’ Water use BOD
Surcharge on BOD and SS A .51
Water and normal sewer charge .63 .75

Source: Ethridge (1970).

Graphical Explanation of Response to Surcharges

How &ill firms reépond to the imposition of a surcharge if they ére
maximiéing profits? Figure 1 shows a hypothetical exponentiél coét cufve
for wastes removed by an industrial firm. The upward sloping smooth curve
shows the cost per pound of removing each additional amount of waste and
is the marginal cost of removing pollutants from the waste water; takiﬁg
into account adjustments in other productive inputs, including reduced dost
of water, due to thé in-plant waste reduction. It represents the least-
cost. . condition for in—piant waste remo&al. If there were no surcharge at

" all, it would pay the industrial firm to discharge to the city én amount of

waste indicaﬁed by OT If the city levied a surcharge equal to S per pound

2
of BOD, the‘firm would érofitably move to point R sincé the firm's costs are
less than those of the city for removing wastes over the range Tsz. Wastes
discharged to the city are now equal to the amount OTl along the horizontal
axis. ’The waste reduction, Tsz, costs the firm an. amount equal to B or the
area under the cost curve, but the savings ﬁo the city is represented by the

areas A + B, so that area A represents the net savings to society from levy-

ing a surcharge on the firm.

12
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Effect of surcharges on industrial waste discharges

One assumption which is involved in the identification of area A with

socilal gain is that cities have constant waste treatment costs per pound of

waste treated and that the surcharge is set equal to this

ginal cost to the city of removing a pound of BOD.

Since

marily interested in collecting from firms the total cost

trial wastes, the surcharge can probably be assumed to be

average and mar-
cities are pri-
of treating indus-

set equal to OS,

the long-run average share of costs associated with treating pounds of

waste.

' Flipping Figure 1 over and aggregating from the firm te the industry

level within cities gives Figure 2, which will now be called industries'

13
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"free"
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Pounds of BOD discharged by industry
per year or demand for waste treat-
ment by firms

Figure 2. 1Industries' demand curve for waste treatment

demand curve for municipal treatment. Aggregation from the firm to the
industry level within cities is straightforward since the response of one

firm should not affect another's response. The distance OT, now repre-

2
sents the quantity of wastes per year that industry will send to the city
in the absence of a surcharge. All firms are assumed to be price takers
insofar as the surcharge is concerned, and with a surcharge equal to S,
it would pay industry to send to the city the quantity of wastes/year

indicated by OT If industry reduces its wastes below Tl’ it will cost

l-

it more per unit of waste reduction than it costs to have the city do the

14




job. If it has a waste load to the right of Tl’ then industry will be lesing
money by paying the city more than the cost of in-plant waste removal. Area
B now represents industry's added cost of in-plant removal of wastes, and
area A represents the total social gain from the city's adoption of a sur-
charge. It should be noted that this theory does not yet take into account
the possibility of firms relocating to avoid a surcharge.

The vertical axis shows the price 0S or surcharge, and the horizontal
axls shows the quantity OTla Price times quantity gives the area OSRTl,
representing the total amount paid by industry to the city each year for the
privilege of discharging that quantity of waste. However, firms do not pay
the surcharge on all of their wastes, just on the wastes above some defined
normal concentration, NW. The shaded area, E, indicates the surcharge paid
on wastes having a concentration above the defined normal level. The amount
to the left of E is considered "free' because these wastes are paid for in
the water and normal sewer bill. This suggests that if the defined normal
is‘set‘high, the amount oflthe surcharge paid could be quite small. Sur-
charges could still haﬁe a dramatic effect on wastes as long as the defined
normal is below the waste concentration of the major users.

A hypothetical industrial demand curve for water is shown in Figure 3.
Block rates or the marginal water and normalvsewer rates are indicated on
the vertical axis, and the quantity of water purchased by industry is indi-
cated on the horizontal axis. The Watef rate steps downward at flrst, and
then the marginal rate becomes constant to large volume users. Since the
normal sewer charge is some fixed percentage of the water bill, the rele-
vant water-price variable is the cost of water and sewer. The rate that
applies to firms is indicated by the level G in the figure. G represents

the additional cost of water and normal sewer service per one million pounds

15



Marginal cost
of water and
sewer,

$/million 1lbs

|
- l
W' W Millions of pounds of
water per year

If firms are actually paying a surcharge, the net cost
of additional water is reduced from G to N where N = G
- @W)(s).

Another effect of a surcharge is to reduce water-carried
wastes and to induce the whole demand curve for water,
say from D to D', so that water consumption declines from
W to W'.

Figure 3. Quantity of water demanded by industrial firms
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of water. However, the firm that is paying a surcharge will pay less than G
for any added water it uses. The surcharge and the‘defined normal work to-
gether to reduce the cost of additional water to N. The cost of additional
water is reduced by an amount equal to the defined normal, NW, times the sur-
charge. For example, an NW of 300 parts per million er 300 pounds of BOD per
million pounds of water times a sufcharge of 8 cents per pound of BOD equals
a $24 saving per million pounds of water. This means that the marginal rate
schedule, G, is shifted down by an amount equal to (NW)(S).

The upper demand curve for water in Figure 3, D, represents the indus~
trial water consumption and price relationship which would exist in the
abéenée of a surcharge. Surcharges make in-plant waste removal prdfitable
for firms and thereby reduce the quantity of water required to carry away
the smaller waste loads; hence, the whole demand curve for water is reducgd
to D'. The demand for water would decrease as dry methods of waste removal
are substituted for wet methods. The gquantity of water demanded might be
expected to end up at a point like B after a surcharge has been instituted
so that water use declines from W to W'.

The basic ideas exéressed in this section were converted into opera-
tional theory or regression models. For example, it was hypothesized that
the price of water and normal sewer and the industrial wége rate would
affect the quantity of industrial wastes or the position of the demand curve
in Figure 2. Hence, these two prices and the surcharge were used in the
equations for waste treatment. The same three basic prices were assumed to
affect the quantity of water purchased by industry. These models and the
results are described briefly in the next section and the results are sum-
marized in Sections IV and V. They were described completely along with

all the results by Elliott (1972).
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IV. REGRESSION MODELS AND DATA

Operational Theory for Industrial Responses to Surcharges

The following identity was used to illustrate the alternatives available

to firms with a given volume of output for reducing their wastes..

T = WOW - PR | @
where

T = total industrial wastes discharged to the city with the surcharge
(pounds of BOD per unit of time),

WCW = water-carried wastes discharged to the city in pounds of BOD per
' unit of time in the absence of the surcharge, and

PR = in-plant waste removal due to the surcharge measured in pounds of
BOD per unit of time.

In terms of Figure 1,

OTl H OT2 - Tsz . (2)

WCW 1s not observable once surcharges are instituted but it can be thought
of as a linear function of real variables, such as wage rates and the cost. .

of water and sewer, i.e.,
WCW = £(P,6) or WCW =8, + 8P + 8,6 . | (3)

The deflated price of labor, P, is expected to have a positive effect on
WCW due to the introduction of labor saving technology. Increasing real
wage rates have been one of the most important changes in prices paid by
industry over time. Wages have;gone up faster than the prices of water-
and the values of by-preducts that could be recovered. These relative
increases in wages were hypothesized to cause an increase in water-carried
wastes. Similarly, the gross marginal cost of water and normal sewer, G,

was expected to have a negative effect on WCW because an increase in the
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price of water should reduce the usage of water to flow away wastes. Bi"éﬁd

8., should be thought of as partial derivatives of WCW with respect to the

2
prices P and G. It was hypothesized that these coefficients would have posi-
tive and negative signs; i.e., Bl > 0 and By < 0. |
As-showﬁ iﬁ Figure 1, fitms are expected to respond to a>surcharge by
reducing their wastes up to the point where the marginal cost of removing an
additional pound of BOD, MCpr’ is equal to the deflated surcharge, S, i.e.,
MC . =S . | ‘ (4)
The marginal cost of in-plant waste reduction is expected to increase with

the amount of in-plant reductien:

dMC

= t i ' - {
MCPr £(PR), EERR— >0 . (5)

If it is assumed that the form of this relationship is exponentigl, then

MC =8, e (6)
where 63‘and 64 are expected to be greater than zero and

PR = - 1n G—5) . IO

By By
If it is assumed that the form of the in-plant waste reducing relationship
is linear, then

McPr = BSPR (8)

where 65 is.exPected to be'greater than zero and

PR = =5 ()
Bs

Substituting the eXponential functional form into the original identity

and assuming equation (3) is linear in P and G permits the rewriting 6f
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equation (1) in the following form:

1 1 ‘
Tae = Bo * BPye * B8y ) Sy (10)
where

Tit = industrial waste for city i in time period t divided by the

- corresponding deflated value added in manufacturing,
Pit = deflated price of labor for city i in time period t,
Gy, = the deflated gross marginal cost of water and normal sewer for

city i in time peried %,

Sit = the deflated surcharge on industrial waste for city i in time

peried t, and
where the consumer price index with 1970 = 100 is used as the deflation index.
Substituting the linear functional form into the original identity and

assuming equation (3) is linear in P and G yielded:

. = _ Ll
Tie = Bo* ByPyp T BoGyy

S, (11)
85 it

Equations (10) and (11) are understood to have an error term, eit,‘the
properties of which will be discussed briefly in Section V in connection .
with tests of significance. The linear functional form was chosen in the
course of regression analysis to best represent the industrial demand for
waste treatment. A number of other specifications were developed by Elliott
(1972) to test specific hypotheses, the results of which are summarized
briefly in the next section.

Aggregate industrial waste data were avallable from selected cities,
but the cities have widely different industrial sizes. As a‘result, indus-
trial wastes were standardized for variations in industrial output across
cities and over time by dividing industrial wastes by the deflated value

added in manufacturing (1957-59) = (100). Standardizing for variations in

industrial output with value added in manufacturing unfertunately also
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standardized for any plants that closed due to the intfoduction of a sur-
charge. rIndustrial wastes being discharged into city treatment systems would
decline if several waste producers discontinued their operations upon the
flevying of surcharges. However, the value added in manufacturing by the
city's industry would similarly decline, so that the decline in industrial
wastes associated with a decline in value added in manufacturing are not
reflected by the regression coafficients.

Operational Theory for the Industrial Demand for Water

It was hypothesized that the quantity of water used by industrial firms
is a negative funcfion of the real net marginal cost of water and sewer
services, N, and the real surcharge, S; and a pesitive function of the real
price bf labor, P. As in the case of industrial waste, adjustments for dif-
ferences in industrial output had to be made. Industrial water usage was
standardized for variations in industrial output across cities and over time
by dividing by the value added in manufacturing.

Since the structural relationships between standardized industrial
Wéter usage and N, é, and P were not clearly definable on a theoretical
basis, several functional forms were specified for the water equations. - The

linear relationship was:

Wi, =og+aN, +a,8, +aP (12)
where

Wit = industrial water usage for city i in time period t divided by
the corresponding deflated value added in manufacturing, and

Nit = the deflated net marginal cost of water and normal sewer for
city 1 in time period t [Nit =Gy, - (Sit>(NWit)]'

Equation (12) is understood to have an error term, & s the properties eof
which will be discussed in Section VI. It was also hypothesized that the

industrial composition of a city, especially the proportions of value added
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in manufacturing represented by food and kindred and textile and allied
products industries, would be important explanétory variébles. Exﬁonential
and pdwer functions were also devélOped to explain industriai water ﬁsage |
but the linear form was éeiected. These other models andvtheirrrésults were
described in detail by Elliott (1972) and summarized briefly ét the begih—
ning:of Section VI below. | |

Regfession Data

The primary data for this study were obtained from éities that were
thought to have surcharges. They provided data on the‘pounds of indusﬁriél
WaSteé feéeiQed by years from industries paying surcharges, the water cen~
sumptionAof these saﬁe industries and infofmation about their surchafges
and charges for water and ﬁormal sewer service. Ninety-nine cities were
vCoﬁtacﬁed by mail with‘follow—ups by phone. Oniy 15 did not respend.
Thirty-four cities were able to provide complete and useful data,bwhilé the
remaining 50 either were unable to furnish data or did not really havé a
surcharge.

‘Data on value added in manufacturing for cities were oEtained from the
Census of”Manufacturing (U. S. Depaftment of Commefce, 1961, 1966,gl§71).
Value added data are only available for the years 1958, 1963, and 1967, and
total wage payments in manufacturing for each city and year were used to
in;grpolate and extrapolate the value added figures for the non-census
years. Total wage payments along with average hourly earnings in manufac-
turing for the thirty-four cities were obtained by letter from the depart-
ments of research and statistics in the respective states. Thé consumer
price index from the Statistical Abstract (U. S. Department of Commerce,
1970) was used to convert value added figures and all other nomipal dollar

figures to 1970 dellars.
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Data were collected from cities in widely different geographic locations.
However, most of the cities which responded are located in either the south-
ern or western parts of the United States. Major differences among cities
exist in terms of city size, surcharges, defined normals and the price of
water and normal sewer. Surcharges ranged from zero to $80 per 1,000 pounds
of BOD; defined normal levels were typically 300 ppm but ranged as high as
800. The range om the lowest block rate to large users for water and normal
sewer services was from $.063 to $.900 per 1,000 gallons. The useful data
collected from the thirty-four surveyed cities are listed in Appendix 1.

‘A number of transformations were made on the data prior to running the
regressions. Each city's industrial BOD loading, expressed in millions of
pounds per year, and each city's yearly industrial water level, expressed
in millions of gallons per day, was divided by the corresponding deflated"
value added in manufacturing. Multiplying both quotients by 1,000 yielded
pounds of BOD per year per $1000 value added per year and gallons per day
per $1000 value added per year as the waste and water dependent variables.

Relative quantities of BOD and SS can vary considerably from firm to
firm, depending on the nature of the wastes invelved. This is the reason
that surcharges are often levied on both BOD and SS. To obtain the BOD

surcharge variable, for cities having both BOD and SS charges, the two

sit’
were added. Summing the two charges was based on the observation that
overall average waste strengths measured in parts per million of BOD were
of about the same magnitude as the corresponding numbers for suspended
solids. Also, many cities have chosen the same defined normal level, NW,
for both parameters. For these reasons, the total surcharge was set equal
to:

Sitemop) Yt Sit(ss)
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where

= the real surcharge on industrial BOD for city i in time

S,
1t (20D) period t expressed in dollars per 1,000 pounds, and

Sit(SS) = the real surcharge on industrial SS for city i in time

period t expressed in dollars per 1,000 pounds. -

Ihe gross marginal cest of water and normal sewer services, Git’ used
in the regression procedure was based upon the block rate to a firm using
500,000 cubic feet or 3,740,000 gallons of water per month. As shown in
Figure 3, the incremental rates gtep downward at first, and then the mar-
ginal rate becomes constant to large volume users; Industrial water and
normal sewer usage of 500,000 cubic feet per month falls in the horizontal
range of most rate structures. Since nearly all surcharged water and
sewer users consume more than 500,000 cubic feet per month, the incremental
rate corresponding to this horizontal section of the rate schedule was
obtained from the sampled cities and was expressed in dollars per 1,000
gallons.

As discussed in the section on the industrial response to surcharges,
the surcharge and the defined normal interact to lower the marginal cest of
water and normal sewer to industrial firms. The net marginal coest of water
and normal sewer variable, Nit’ was generated to allow for the effect ef
the surcharge and the defined normal. The new variable, N, , was also

it

expressed in dollars per 1,000 gallons.
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V. ANALYSIS OF WASTE TREATMENT REGRESSIONS

Summary of Equations Fitted

After the data were collected from the cities using surcharges; a
number of different regression models were fitted. These eqﬁations wetre
described completely by Elliott (1972) and will be suﬁmarized only bfiefly‘
here. Negative signs were expected and found on the price coefficienLQ |
for water and normal sewer service, G, and the surchargé; S, while'posi—
tiVe‘signs were hypothesized for the price of labor, P. Most of tﬁe
equatiohé'were designed to answer the following questions: |

i; éhould a linear or an inverse exponential specification be used
to explain the relationship between T and 57

2. Should industrial composition coefficients be included in the
selected regression équation?

3. Should an adjustment coefficient be included in the selected
regression equation to reflect time required to adjust to price changes?

The specification question was tested on several subgroups of data
and on the overall data. The linear specification was selected because
it usually gave better fits and more consistent results than the inverse
exponential.

Industrial composition variables performed poorly in the waste models.
Tﬁese varliables were introduced explicitly and implicitly into several of
the BOD regression equations. When the proportiens of total city value

added accounted for by each of the four major industrial BOD contributors,

food and kindfed, textile mill, paper and allied, and chemical and allied,
were introduced explicitly as independent variables, they tended to have
unexpected negative signs and/or tended to lower the significance of the

other variables. These unexpected results may have been due to other
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critical proportions that were correlated with industrial proportioens,
namely, the propertion of the industry connected to the municipal sewer
system and the propertion included in the value added in manufacturing.
The results eobtained from the inclusion ef a dummy variable for each city
were also disappointing in that the city dummies picked up wvariation in T
previously explained by S, G, and P.

None of the approaches used to try to estimate the speed of adjust-
ment to a sﬁrcharge were considered satisfactory. Of the three appreéches
used, one based on a specified adjustment ceefficient of .70 was least
démaging to the linear relationship of the instantaneous adjustment model.

An Economic Analysis of One Equation

The following equation, T-1l2, was selected to illustrate the economic

implications of levying a surcharge on industrial waste:

T = 13.11 - 1.468 - 120.00G + 36.20P
where:

T = pounds of BOD per $1000 value added in manufacturing,

S = the surcharge in dellars per 1,000 pounds of BOD,

G = the gross marginal cost of water and normal sewer in dellars per
1,000 gallens,

P = the price of labor in dellars per hour, and

where the consumer pricé index was usad to cenvert all monetary‘values into
1970 dollars.

The elésticity of T with respect to the surcharge is estimated to be
-0.84, assuming S = $27.00, G = $.40, and P = $3.35, These prices ére
about equal to the means. The relationship between T and S can be plotted

as shown in Figure 4. The following conclusions can be drawn about partial

effects in model T-12:
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Figure 4. Industrial demand for municipal waste treatment based on
equation T-12 with G = $.40 and P = $3.35

1. A surcharge, S, does affect the quantity of industrial waste, T,
treated by cities. A 10 percent increase in S results in a decrease of
about 8 percent in T.

2, The gross marginal cost of water and sewer, G, does affect the
quantity of industrial waste, T, treated by cities. A 10 percent increase
in G results in a decrease of about 10 percent in T. If increases in G or
S actually drive industry away from a city, then the percentage change in-
total industrial waste would be larger than these indicated changes in T |

which are pounds of BOD per $1000 value added.

27



3. Wage rates, P, have affected the quantity of industrial waste, T,
treated by cities in recent years. A 10 percent increase in P was associ-
ated with an increase of about 26 percent in T.

As discussed in Section II, it can probably be assumed that cities
have constant waste treatment cost functions and that surcharges are
equated to the average cost of treating industriai waste, Levying the
average surcharge of $27.00 per 1,000 pounds of BOD causes industry to
reduce its waste discharges to point K in Figure 4. This waste reduction,
OK, costs industry an amount equal to OKE or the area under the demand
curve; the savings to the cities is represented by the area OKEJ, so that
area OJE represents a savings to society due to instituting the surcharge.
This ignores the costs of monitoring the wastes and administering the sur-
charge, which have been sizeable in the case of some cities.

The savings to socilety corresponding to area 0OJE was estimated in.
Appendix 2 to be $.53 per $1000 of value added per year. The social gain
fer the 33 cities furnishing BOD data, which had a combined value added
of $11.7 billion expressed in 1970 dollars, would be about $6 million per
year. A rough estimate of the aggregate social gain of surcharges fo the
United States might be based upon the value added by the major waste-

related industries. The value added by the food and kindred, textile mill,

paper and allied products and chemical and allied industries in 1967 was
estimated to be $85~billion expressed in 1970 dollars. These industries
contributed about 93 percent of the industrial BOD. Assuming that it
would be logical and possible to levy the average surcharge against all
these industries, the aggregate social gain might be as high as $45 mil-

lion per year.

3These are extremely rough estimates of the net benefits to society
from adopting surcharges. Many paper and chemical firms treat their own
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Level of Confidence in Results

It should be recalled that the basic data used in this analysis were
aggregatg pounds of waste received by cities from firms that were paying
surcharges. These waste loads were then standardized for city size by
simply dividing by the value added in manufacturing. The three price
variables in equation T-12 above only accounted for 17 percent of the
variation in this dependent variable. Other factors such as the indus-
triéi mix, discrepancies between waste treatment service boundaries and
VAM ﬁpﬁndaries and measurement errors would account for the unexplained
83 peféent. These other variables had to be ignored or at least their
influgnce was averaged out in the regression analysis. In this section,
‘tWwo equations besides T-12 are chosen and listed in Table 3 to illustrate

a range of results and the level of confidence in the analysis.

wastes, so that some of this payoff to surcharges might need to be: identi-
fied with social gains from regulatiens or from using stream charges.
Social gain estimates are, as mentioned above, based upon the assumptien
that municipalities have constant waste treatment cost functions and that
the average surcharge equals the average and marginal cost of waste treat-
ment., If municipalities have upward sloping cost functions for waste
treatment, the social gains estimates given above understate the gains from
adopting surcharges; alternatively, the social gains estimates are over-
stated if municipalities have dewnward sloping cost functions for waste
treatment. Other assumptions that are involved in such estimates of social
gains are (1) that the marginal utility of every dollar of extra cost to
industry, represented by area OKE, is equal to the utility of every gov-
ernmental tax dollar saved, and (2) that the movement along this demand
curve from O to E is not accompanied by net changes in producers and con-
sumers surplus in other markets. For example, the reduced price of some
by-products would cause an increase in consumer surplus for its buyers.

As a counter—example, imposition of surcharges might cause increased use.
of labor to recover by-products and reduced use of water to flow away
wastes. These savings and extra expenses are incorporated into the rela-
tionship between T and S or the marginal cost of in-plant waste reduction
as it is conceived here.

The area OKE in Figure &4 represents the net added cost to industry
associated with in-plant removal of the quantity of wastes, OK. This area
also equals $45 million per year for the 4 industries that contribute 93
percent of the wastes., It suggests that 3.3 billion pounds of the 'BOD
(the first 45 percent) can be removed at a cost equal to one~half of the
assumed surcharge or 1.35 cents per pound.
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Table 3. Three waste treatment regression equations selected to illustrate
tests of significance :

Model R2
a Feokh Sk Feek
T-12 T = 13.11 - 1,465 - 120,00G + 36.20P W17
(~4,06)  (=3.61)  (3.84)
b EX ek e
T-19 T = 13.09 - 0.41S8 - 48.60G + 14.25P - .30
(—'SQOO) (-5526) (5049)
T-1 for 1970° T = 117.55 ~ 3.336 - 28.13G + 20.76P .20
(-’2024) (-’Ol 17) (0:41)
*

Dencotes significance at the .10 level, ** denotes significance at the
.05 level, and ##%* denotes significance at the .0l level. These could be
exaggerated for T-12 and T-19, as explained in the text.

%The t-ratios as they came from ordinary least squares on all 190
waste observations are shown 1n parentheses below the estimated coefficients.

bThe t-ratios as they came from crdinary least squares on the 157
waste observations remaining when data from nine cities with large residualsg
were excluded from the regression are shown in parentheses below the esti-
mated coefficients.

“The t-ratios as they came from ordinary least squares on the 30 waste
observations for cities providing data in 1970 are shown in parentheses
below the estimated coefficients.

When the residuals associated with model T-12 were plotted against
their respective surcharges, five cities had relatively high positive
residuals and four cities had relatively high negative residuals. The
residuals associated with the data from these nine cities accounted for 72
percent of the error sums of squares. When the 33 observations associated
with these nine cities were excluded from the data, there was, as indi-
cated by the R2 value for model T-19, relative te that for T-12, a major
improvement in explanatory powéru (See Table 3.)

The residuals associated with model T-12 were also plotted against

time. In general, the time-series data from a particular city tended to
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have about the same error values over time, indicating that some of the
errors were not independent of others. This lack of independence of errors
may cause the ordinary least squares regression procedures to yield coef-
ficients which appear to be more highly significant than they are. The t-
ratios of the coefficients are overestimated whenever the interdependence
of the observations is not accounted for. If the average number of obser-
vations per city in equations T-12 and T-19 wevre six, then the high t-
ratios given in Table 3 could be exaggerated upward by as much as the
square root of six, or 2@404

Equation T-12 is used above to illustrate the effect of surcharges.
The coefficient, -1.46, indicates that an increase in the surcharge of
$1.00 per 1,000 pounds of BOD is associated with a reduction of 1.46
pounds of BOD per $1000 of value added in manufacturing. The variation
in coefficients of S from =.41 for T-19 to ~3.33 for T-1 might be viewed
as providing upper and lower limits on the coefficient from T-12. This
ignores the need to assign a probability to these limits. A conservative
alternative Wopld be to simply multiply the standard error of the sur-
charge coefficient from T-12, .36, by 2.4 and assume that 8y = .86, As-
sume that one wants to establish 90 percent prebability limits on the
surcharge coefficient —1.46a A t-ratioc of 1.648 leaves 5 percent of the
area under the t distribution in each tail. Now, =-1.46 + (1.648)(.86) =
-1.46 + 1.44 and the 90 pefcent confidence interval extends from 0.02 to

anch t-ratio is the coefficient divided by the standard error of the

coefficient, s.. The vector of standard errors of the coefficients can be
represented by:

3 - [_sf xx) -2]3/2
b n n

where sz, the sumg of squared residuals divided by the degrees of freedom,
is essentially independent of the number of observations. The matrix (ElE)‘l
is also independent of the number of cbservations. Thus, §, would n
change inversely with the square root of the number of obsetvations, n.
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-2,90. 1If it were possible to draw repeated samples of 33 cities similar to
these data, one would expect the estimated surcharge coefficient to fall
within the range ~0.02 to -2.90 nine times out of ten., The chances are less
than 5 percent that such an estimate of the surcharge coefficient would be
positive.

This lack of independence of the errors is associated with the combina-
tion of time-series and cross-gectional observations for most of the cities.
This problem would not cccur in separate time-series or cross—-sectional
analysis of the data. Equation T~1, listed in Table 3, was fitted to the
purely cross—-sectional observations for 1970. The t~ratios given in‘paren—
theses under the coefficients were small but unbiased. Only the surcharge
coefficient, 3.33, was clearly significantly different from zero and it was
suspiciously large when compared with the average net effects of S in the
other equations. Time-series data were requested of cities in order to
observe response to surcharges over time within cities. For example, one
can examine the data for Durham, Nerth Caroclina and Richmond, Virginia in
Appendix 1 and observe the expected negative response. However, data were
generally not available for years before surcharges began and there were
too few variations in surcharges and waste levels once the surcharge did
begin to obtain much information from the purely time-series component of
the‘&ata.

The plot of the equatioms, T~1l, T-12, and T-19 in Figure 5 provides
another sort of cenfidence. The only difference in these leagt-squares
fits is that different sets of the data were used to generate them. T-19
is steeper than the others because cbservations with extremely high and
low waste levels were deleted. T-1 probably errs in the direction of

being too flat. T-=12 uses all the data and lies between them. All of the
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Figure 5. Industrial demand for municipal waste treatment using models T-1,
T-12 and T-19 with G = $.40 and P = $3.50

other waste treatment equations tried by Elliott (1972) to illustrate dif-

ferent functional forms and adjustment models had negative coefficients for S.
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VI. ANALYSIS OF WATER USAGE REGRESSIONS

Summary of Equations Fitted

Equations that were fitted to explain industrial water usage were
described in detail by Elliott (1972). Since the structural relationships
between W, N, S, and P were not clearly definable on a theoretical basis,
several functional forms were specified for the water equation. In addi-
tion to the specification issue, the answers to two other questions were
also sought by fitting different regression equations. They were:

1. Should industrial composition be included in the water equation?

2. Will N or G be the better water-price variable in explaining the
variation in W?

Since the adjustment procedures hypothesized for the T equations performed
so poorly, it was decided that all specifications of the water equations
should be based upon the assumption of instantaneous adjustment.

Four alternative specifications for the relationship between W, N, S
and P were tested on the water data. A linear model seemed to be superior
to the other three specificaticns in that it had the highest Rz of the

group. One industrial composition variable, food and kindred, was found te

have a strong positive effect on industrial water usage within cities.
When the gross marginal cost of water and normal sewer, G, rather than the
net marginal cost of water and sewer, N, was introduced as the independent
water-price variable, there was nc improvement in model's explanatory
power. Given its theoretical advantage, N was considered the appropriate
water-price variable. These considerations led to the selection of equa-
tionNW—S to describe the industrial demand for water. Equation W-3 had

the following coefficients:

W= 2,22 ~ 36,79N - 0.52S8 + 8.63P + 75.10FK
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where
W = gallons of water per day per $1000 value added in manufacturing,

N = the net marginal cost of water and normal sewer in dollars per
1,000 gallons, N = G - .00008344(NW) (S),

S = the surcharge in dollars per 1,000 pounds of BOD,
P = the price of labor in dollars per hour,

FK = the proportion of city value added accounted for by food and
kindred products, and

where the consumer price index was used to convert all monetary values into
1970 dollars.

The plotted relationship between W and N shown in Figure 6 illustrates
the reduction in daily gallons of water per $1000 value added associated
with an increase in the net cost of water and sewer. The surcharge, the
wage rate, and the proportion of total city value added accounted for by
food and kindred industries are assumed to be constant at $27,00, $3.35,
and $.20, respectively, in‘Figure 6, An increase in the surcharge would
have the effect of shifting the demand cﬁrve to the left.

Assuming as well that the net cost of additional water, N = $.35, the
following conclusions can be drawn about the partial effects in model W-3:

1. The net marginal cost of water and normal sewer, N, does affect
the quantity of industrial water, W, demanded by industrial firms. A 10
percent increase in N results in a decrease of around 7 percent in W.

2., The level of the surcharge, S, affects the quantity of industrial
water, W, demanded by industrial firms. A 10 percent increase in §

results in a decrease of around 6 percent in W.5 If increases in N or S

5One needs to be careful in taking the derivative of W with respect
to S to remember that N = G - ,000008344 (NW)(S). Hence,-—— = ~36,7
(-.000008344 [NW]) - .52, Assuming NW = 300, then = 4%% The elas-
ticity of W with respect to S is the percentage change in W divided by

the percentage change in S or "w/s = %% --W = -,428 = -,61
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$1000 of annual value added in manufacturing

Figure 6. Industrial demand for municipal water based on equation W-3
and S = $27.00, P = $3,35, and FK = $.20
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actually drive industry away from a city, then the percentage changes in
total water sales would be larger than these indicated changes in W which
are sales of water per $1000 value added.

3. Wage rates, P, have affected the quantity of industrial water, W,
demanded by industrial firms in recent years. A 10 percent increase in P
was associated with an increase of around 15 percent in W.

4. Food and kindred industries have affected the quantity of indus-

trial water, W, demanded by industrial firms in recent years. A 10 per-
cent increase in FK was associated with an increase of around 8 percent in
w.

Level of Confidence in Results

A variety of results are listed in Table 4 and Figure 7 to illustrate
the tentative nature of the conclusions from equation W-3 outlined above.
The t-ratios from W-3 are biased upward because some of the errors over
time within citles are not indépendent. A conservative course to follow
to‘illustrate confidence in the coefficients for water demand would be to
increase the standard error by a factor like 2.4, since it is possible’
that the number of independent observations has been exaggerated by a fac-
tor of about 6. The standard error of b, is 10.27 and 2.4 times this is
24.65, Ninety percent probability limits on bn = -36.79 would then be
indicated by -36.79 + (1.648)(24.65) = -36.79 + 40.62. It is felt that
these probability limits leave 5 percent of the distribution in each tail.
A better way of saying this is that repeated samples of 30 cities with 179
observations would be expected to produce a coefficient for N that is
negative 93 percent of the time (i.e., =36.79 + 24.65 = -1.49 and Prob U <

-1.49 = ,07 from the unit normal distribution). Equation W-10 for 1970
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Table 4. Three water regression equations selected to illustrate tests -
of significance

Model R2
a : Fede e Fedede dedek Kk
W-3 W= 2.22 - 36.79N - 0.525 + 8.63P + 75.10FK .32
(-3.58) (-4.18) (2.86)  (5.16)
b Fi e L% & %
W-9 W= -4,01 ~ 42,098 - 0,408 + 12.02F + 52.69FK .18
(=2.36) (=1.74) (1.75)  (1.75)
e
W-10° W= -20.85 ~ 17.60N - .1095 + 8.56P + 125.06FK .28

(~0.46) (~0.28) (0.69) (2.35)

%* ) an = g , ;

Denotes significance at the .10 level, #**denotes significance at the
.05 level, and ***denotes significance at the .0l level. These could be
exaggerated upward as indicataed in the text.

a . . .
The t-ratiocs as they came from ordinary least squares on all 179
water observations are shown in parentheses below the estimated coefficient.

b . . ; . _
The t-ratios as they came from ordinary least squares on the 80 water

observations from the 20 cities furnishing water data for the last four
years, i.e., 1967, 1968, 1969, 1970, are shown in parentheses below the
estimated coefficients.

“The t—ratioé as they came from ordinary least squares on the 29 water

observations for 1970 are shown in parentheses below the coefficlents.
was fitted to purély cross—-sectional data and provided coefficients for N
and S less than half as large as W-3. The standard errors from W-10 are
unbiased but much larger’than their corresponding ccefficlents. Hence,
one must accept the null hypothesis that the true cocefficients might be
greater than zerc.

| Three water equations are plotted in Figure 7. The lines for these
three equétions, two from different subsets o¢f the data, W-9 and W-10, and
W-3 from all of the available data, are reasonably similar in slope and
implicafionse The other water equations, which tested different functional

forms and industry variables and are reported in Elliott (1972), all pro-

duced negative slopes. On balance, industrial consumption of water does
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- 1.60

1.20

.80
W-10 (1970)

dollars per 1,000 gallons

Net cost of additional water and normal sewer service, N, in

L 1
20 40 60 80 W

‘Industrial Watér consumption, W, in gallons
per day per $1000 VAM in 1970

Figure 7. Industrial demand curves for municipal water from equations W-3,
W-9 and W-10 for 1970 assuming § = 27, P = 3,35 and FK = ,20
appear to be negatively affected by ilncreases in the price of water and by

increases in surcharges on industrial wastes, as expected.

6In addition to the attempts to quantify lack of confidence in T-12 and
W-3 reported here and in Section V, generalized least squares analyses were
attempted using data from 20 cities for 1967-70. Problems encountered in
interpreting quite distinctive results and presentation will be deferred
until such time as the large differences in the coefficients can be explained.
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, \ . Sampl?d . Sampléd’ Surcharge in above which the of water and sewer
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firms sampled wastes, water 1,000 1bs X
Years | or monitored BODA £lowP BOD ' SS - ppm 500,000 cu ft/mo
] . BOD | 5S (3,740,000 gal/mo)
I
No data available priox to surcharge (i.e., 1963) .
!
i
63-64 17 9,025 1,632 01 0 0, 0
i
64-65 21 12,775 2,036 20 , 15 300 ! 300 .296
]
65-66 22 16,650 2,088 20 ! 15 " " .330
1
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i
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i
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i
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I
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! .
[§
! 1
: ;
Units:

a. millions of pounds per year
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Appendix 1 Table 2.

Data from the cities which responded to the

questionnaire?
A B c D E F G H i J K
City No. 1: Cincinnati, Ohio; surcharge began in 1953
1961 27 18.250 5.440 12.90 10,50 240 300 .440 710 2.95
1962 26 23,038 8.660 12.90 10.50 240 300 .3500 744 3,04
1963 28 29,187 7.790 12.90 10.50 240 300 .480 769 3,17
1964 27 16.431 6.350 12.90 10.50 240 300 .520 803 3.33
1965 23 17,999 7.500 12.90 10.50 240 300 .590 868 3,47
1966 24 19.810 6.600 12.90 10.50 240 300 .550 991 3.61
1967 24 27.055 10.700 12.90 10,50 240 300 .480 1040 3.70
1968 23 39.234 10.260 12.90 10.50 240 300 .540 1135 3,94
1969 31 34.690 9.610 12.90 10.50 240 300 .680 1205 4.14
1970 23 28,536 8.870 12.90 10.50 240 300 ,670 1243 4.39
City No. 2: Montgomery, Alabama; surcharge began in 1963
1966 4 1.257 0.497 14,40 14.4 325 325 ,220 59 2,78
1967 3 1.024 0.427 14,40 1l4.4 325 325 .,220 64 2.85
1968 4 1.292 0.380 14.40 14.4 325 325 ,220 71 3.00
1969 4 0.726 0.425 14.40 14.4 325 325 .,220 78 3.18
1970 4 0.682 0.269 14.40 14.4 325 325 ,220 83 3,33
City No. 3: Modesto, California; surcharge began in 1967
1968 13 28.980 13.344 8.00 0.0 300 0 .194 104  3.19
1969 20 34,932 19.587 8,00 0.0 - 300 0 .194 112 3.23
1970 18 42.996 19.443 8.00 0.0 300 0 .194 122 3.39
City No. 4: Sacramento, Calif.; surcharge began in 1970
1968 3 11.315 7.100 0.0 0.0 0 0 .214 205 3.76
1969 3 9.490 6.800 0.0 0.0 0 0 .214 216 3.93
1970 3 12,045 7.500 0.0 16.0 400 400 .214 225 4,10
City No. 5: San Jose, Calif.; surcharge began in 1968
1968 19 20,224 - 2,50 2.5 300 300 .405 548 3.55
1969 22 22.092 - 3,50 3.5 300 300 .405 615 3.79
1970 22 16.136 - 4.50 4,5 300 300 .448 676 4.00
City No. 6: Stockton, Calif.; surcharge began in 1963
1957 6 7,100 6.603 0.00 0.0 0 0 .130 60 2,16
1958 6 8.100 7.164 0.00 0.0 0 0 .130 63 2.25
1959 6 7,400 7.014 0.00 0.0 0 0 .130 73 2.34
1960 6 10,100 7.534 0.00 0.0 0 0 130 77 2.45
1961 6 9.600 7.123 0.00 0.0 0 0 .130 85 2,57
1962 6 10.300 6.548 0.00 0.0 0 0 .130 93 2,68
1963 6 8.300 6.164 5.06 0.0 400 O 102 2.78
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Appendix 1 Table 2 (continued)

A B C D E F G H I J K
Stockton, Calif. (continued)
1964 6 7,500 5.559 5.06 0.0 400 0 .250 117 2.87
1965 6 8.700 6.370 5.06 0.0 400 0 .250 121 3.01
1966 6 9.400 5.893 5.06 0.0 400 0 .250 94 3,13
1967 6 8.400 5.910 5.06 0.0 400 0 .250 116 3.30
1968 8 11.300 7,778 "5.06 0.0 400 0 .250 124 3.41
1969 9 10.700 6.668 5.06 0.0 - 400 0 .250 134 3.62
1970 10 10,300 7.520 5.06 0.0 400 0 .320 141 3.86
City No. 7: Jacksonville, Fla.; surcharge began in 1969
1970 8 1,270 0.376 8.40 8.4 300 300 .,161 320 3.11
City No. 8: Atlanta, Georgia; surcharge began in 1967
1967 37 9.100 -~ 13,00 13.0 250 250 .366 693 2.75
1968 51  13.904 -~ 13.00 13.0 250 250 .366 772 2.96
1969 61 13.884 -- 20.00 20.0 250 250 .366 912 3.22
1970 68 15.544 6.529 25.00 25.0 250 250 .366 858 3.36
City No. 9: Lafayette, Indiana; surcharge began in 1967
1967 1 18,396 1,319 8,00 0.0 750 0 .160 119 3.13
1968 1 11.272 1.205 8.00 0.0 750 0 .160 120 3.36
1969 1 9.992 1.331 8.00 0.0 750 0 .160 141 3.54
1970 1 4,002 0.891 8.00 0.0 750 0 .160 142 3.74
City No. 10: Des Moines, Iowa; surcharge began in 1962
1968 13 15.544 4,347 14,00 14,0 = 400 400 464 273 3.43
1969 20 15.754 2.826 14.00 14.0 400 400 .464 294 3,66
1970 15 19.364 3,780 14.00 14.0 400 400 .464 299 3.85
City No. 12: S8pringfield, Mo.; surcharge began in 1962
1962 24 5,100 1.333 9,00  12.0 208 240 .348 110 .2.58
1963 24 4,442 1,424 9.00 12.0 208 240 ,348 112 2.66
1964 24 4.054 1.192 9,00 12.0 208 240 .348 106 2.74
1965 23 4,741 1,400 9.00 12.0 208 240 .348 113 2.82
1966 23 4,710 1.541 -9.00 12.0 208 240 .348 143 2.93
1967 21 5.423 1,427 9.00. 12,0 208 240 .,348 166 2,98
1968 21 6.363  1.479 9,00 12.0 208 240 .348 213 3.12
1969 20 6.834 1.504 9.00 12,0 208 240 .402 227 .3.20
1970 19 7.541 1.518 9,00 12.0 208 240 .402 237 2.28
City No. 13: Bridgeton, N. J.; surcharge began in 1969
1969 3 23.652 0.091 4.71 0.0 315 0 .228 93 3.41
1970 4 58.450 0.862 1.32 0.0 315 0 .469 97 3,58
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Appendix 1 Table 2 (ontinued)

B

A C D E F G H I J K
City No. l4: Albuquerque, N. M.; surcharge began in 1967
1967 1 0.766 0.250 9.00 9.0 300 300 .295 94 2,90
1968 1 0.766 0.250 9.00 9.0 300 300 .295 98 2.98
1969 1 0.766 0.250 9.00 9.0 300 300 .295 110 3.00
©1970 - 1 - 0.766 0.250 9.00 9.0 300 300 .295 116 3.06
‘City No. 15: Charlotte, N. C.; surcharge began in 1956
1956 16  3.156 1.583 0.00 0.00 250 0 .063 147 1l.44
1957 17 2.936 1.670 41.16 0.00 250 0 .063 156 1.53
1958 20 2,654 1.701 45.04 0.00 250 0 .063 160 1.57
1959 20 3,204 1.416 45.74 0.00 250 0 .119 172 1.52
1960 20 3.398 1.707 44.99 0.00 250 0 .119 178 1.67
© 1961 20 3.364 1.574 44.81L 0.00 250 0 .90 183 1.71
1962 22 4.029 1.809 44.14 0.00 250 0 .190 1191 1.77
1963 23 4.023 1.970 43.18 = 0.00 250 0 .190 196 1.82
1964 23 4,582 2,052 42.85 0.00 250 0 .90 207 1.85
1965 23 4,006 2,283 46.09 0.00 250 0. .190 224 1.91
1966 .24  4.070 2.332 49.04 0.00 250 0 .190 249 2.02
11967 24 4,965 2.531 52.79 0.00 250 0 .190 265 2.13
1968 25  4.824 2.972 53.76 0.00 250 0 .190. 299 2,27
1969 23 4,065  2.120 56.43 0,00 250 0 220 334 2.43
1970 21 . 3.845 2,174 59.55 0.00 -250 0 .220 366 2.59
City No. 16: Durham, N. C.; surcharge began in 1970
" 1961 30 3.350 1.011 0.00 0.00 250 0 .230 212 1.62
1962 31 5.054  1.031 0.00 0.00 250 0 .350 213 1.68
1963 31  5.407 1.040 0.00 0.00 250 0 .350 211 1.73
1964 32 - 6.152 2.158 0.00 0.00 250 0 .350 203 1.81
1965 - 30 6.031 2,102 0.00 0.00 250 0 .350 193 1.88
1966 30 - 7.350 2.418 0.00 0.00 250 0 .350 194 1,99
1967 30 5.622 1.569 0.00 0.00 250 0 .350 199 2.19
1968 . 23 4,962 1.562 - 0.00 0.00 250 0 .380 223 2.38
1969 24  3.422 1.490 0.00 .0.00 250 0 .380 241+ 2.55
1970 24 2,665 1.547 80.00 0.00 250 0 .380 266 2.74
City No. 17: Greensboro, N, C,; surcharge began in 1962
1963 17  3.294 1.632 20.00 15.00 300 300 .214 267 1,73
- 1964 21  4.663 2.036 20.00 15.00 300 300 .245 279 1.8l
1965 22 6,077 2.088 20,00 15.00 300 300 ,245 297 1.88
"1966 22 .5.375 2.190 20.00 15.00 300 300 .245 317 1.99
1967 22 5.886 - 2,112 20.00 15.00 300 300 .245 1323 2.19
1968 22  6.743 2.600 20.00 15.00 300 300 .245 364 2.38
1969 © - 7.921 3.043 21.00 21.00 300 300 .245 414 2.55
1970 21 8.906 2.915 21.00 300 300 .245 447 2.74

21.00
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Appendix 1 Table 2 (continued)

A B C D E F G H I J K

City No. 18: Monroe, N, C.; surcharge began in 1970

1969 8 1.007 0.804 25.00 0.00 230 0 .375 . 37 2.43
1970 8 0.613 =~ 1.076 21.00 0.00 250 0 .425 41 2.59

City No. 19: Archbold, Ohio; surcharge began in 1970

1963 3 1.485 0.663 0.00 0.00 200 0 .804 32 2.27
1964 3 1.855 0.720 0.00 0.00 200 0 .804 38 2.32
1965 3 1.375 0.773 0.00 0.00 200 0 .804 46, 2.41
1966 3 1.731 0.98L 0.00 0.00 <200 0 .804 53 2.55
1967 3 1.697 1.041 0.00 - 0.00 200 0 .804 56 2.66
1968 3 1.795 1.066 0.00 0.00 200 0 .804 63 2.86
1969 3 1.630 (0.912 0.00 0.00 200 0 .804 72 3.04
1970 3 2,194 1.058 69.00 0.00 200 0 .804 76 3.20

City No. 20: Hamilton, Ohio; surcharge began in 1957

1960 1 - 0.588 6.90 8.00 210 240 .435 126 3.30
1961 1 - 0.790 6.90 8.00 210 240 .435 117 3.40
1966 1 0.940 0.940 6.90 8,00 210 240 .435 157 3.99
1968 1 1.055 1.055 6.90 8.00 210 240 .435 174 4.39

City No. 21: Middletown, Ohio; surcharge began in 1964

1964 3 1.364 1.509 19.40 19.40 240 300 .308 191 3.74
1965 3 1.935 2,060 20.81 20.81 240 300 .308 202 3.89
1966 3 1.736 1.621 13.18 13.18 240 300 .308 207 3.99
1967 3 2.495 2.633 12.02 12.02 240 300 .308 195 4.01
1968 3 .3.074 2.964 12.66 '12.66 240 300 .308 214 4,39
1969 3 1.988 3.009 13.84 13.84 240 300 .308 227 4.63
1970 3 1.561 1.529 22.63 22.63 240 300 .402 238 4.84

City No., 22: Corvallis, Oregon; surcharge began in 1967

1967 1 4.980 0.757. 2.27 1.40 0 0 .174 8 3.79
1968 1  3.375 0.587 2.27 1.40 0 0 .1l74 8 3.36
1969 1 6.106 0.608 2.27 1.40 0 0 .174 9 3.62
1970 2 5.972 0.513 2.27 1.40 0 0 .201 9 3.88

City No. 23: Eugene, Oregon; éurcharge began in 1959

1965 1 5.307  1.190 8.45 0.00 400 .900 65 2.96
1966 1  6.431  1.350 6.96  0.00 400 900 64 3.06
1967 1 7,118  1.840 6.82 0.00 400 .900 62 3.21
1968 1  8.249  2.330 10.59 0.00 400 900 69 3.37
1969 1  4.964  1.990 16.93  0.00 400 .900 73 3.63
1970 1 10.840  1.830 7.88 0.00 400 .900 76 3.91

OO0 O OO
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Appendix 1 Table 2 (continued)

A B c D E F G H I J K
" City No. 24: Salem, Oregon, surcharge began in 1965
1967 12 16,764 13.750 3.50 5.60 0 0 104 72 3,19
1968 12 23.076 14.304 3.50 5.60 0 0 .104 80 3.36
1969 13 17.652 16,328 3.50 5.60 0 0 .104 88 3.61
1970 13 21.300 13.905 3.50  5.60 0 0 .104 92 3.87
City No. 25: Pittsburgh, Penna.; surcharge began in 1965
1965 23 -— 5.479 1.35 7.34 300 275 ,544 722 3.13
1966 230 - 5.479 1,35 7,34 300 275 .61l4 748 3.22
1967 222 - 5,479 1.35 7.34 300 275 .614 782 3.27
1968 216 - 5.479 1.35 7.34 300 275 .614 794 3,42
1969 212 - 5,479 1.35 7.34 300 275 - .664 805 3.63
1970 190 - 6.082 10.11 18.20 300 275 .754 832 3.79
City No. 26: York, Penna.; surcharge began in 1954
1963 3 10.144 0.484 13.70 4.70 200 800 .250 140 1.99
1964 3 10.144 0.484 13.70 4,70 200 800  .250 149 2,05
1965 3 10.144 0.484 13.70 4,70 200 800 .250 169 2,16
1966 3 10.144 0.484 13.70 4,70 200 800 ,250 189 2.31
1967 3 10.144 0.484 13.70 4.70 200 800 '.350 215 2,46
1968 3 10.144 0.484 13.70 4,70 200 800 .350 227 2.64
1969 3 10.144 0.484 13.70 4,70 200 800 .350 252 2,84
1970 3 10.144  0.484 32.00 4,70 200 800 .350 273 2.98
City No. 27: Dallas, Texas; surcharge began in 1960
1963 191 37.462 12.470 7,55 7.55 325 325 ,269 946 2.10
1967 162 25.198 14.450 7.55 7.55 325 325 ,269 1340 2.53
1968 174 28,093 12.850 7.55 7.55 325 325 ,269 1587 2.74
1969 181 29.641 13.060 7.55 7.55 325 325 .324 1825 2.90
City No. 28: El Paso, Texas; surcharge began in 1967
1968 1 14.262 3,180 20.00 0.00 350 0 .268 186 2.06
1969 1 18,036 3.620 20.00 0.00 . 350 0 .268 225 2,11
- 1970 1 18.168 3.877 20.00 0.00 350 0 .268 281 2,21
City No. 29: Lubbock, Texas; surcharge began in 1960
1960 1 0.575 0.230 16.50 0.00 300 0 .360 48 1,72
1961 1 0.640 0.224 16.50 0.00 300 0 .360 51 1.76
1962 1 0.374 0.230 16.50 0.00 300 0 .360 54 1,82
1963 1 0.331 0.215 16,50 0.00 300 0. .360 57 1.87
1964 1 0.346 0.180 16.50 0.00 300 0 .360 59 '1.90
1965 1 0.300 0,218 16.50 0,00 300 0 .360 58
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