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Survey conducted by the Datev Co-operative Ltd.

RESIDENTIAL DEMAND FOR WATER

INTERVIEWER CODE

b -

Type of dwelling:

ar e (3 K

house duplex one unit of 3 or more other (specify)

1. How old is this building?
iy e O3

10 years or less 11-20 years more than 20 years

2. In which year did you start Tiving here?

Oy Oz s e s [e 07

1982 1381 1980 1979 1978 1977 1976 or before

3. Do you own or rent this house?

Y HE

own rent other (specify)

4. How many permanent residents have lived here (or are living here) for each
of *he Followine vears® [i.e. peonle whe have lived here (or are expected
to live here) for at least 8 months of each year]

This year (1982/83)

Last year (1981/82)

Year before last (1980/81)

AU

Next year £1983/84)7?

52}

J0 vou have a ~rinwater tank or bore?

e L0 Yes | ] If yes, which is the most important
use of rain/bore water to you?
arinking and food preparation  [_| 1[::
personal washing el
gardening N R

other (specify)

6. Which of the following facilities do you now have and how long have you
been using them? No Yes YEARS

() oiswesher 1 O O 000 O O
<1 2 3 4 5 6 7+ siiiiiiiiiiiio
(b) Garbage :

disposal
unit r: N N O R O e I I R
{(c) Swimming 0 il 2 3 4 5 6 7+
poo] Ll R U I O A U B O I
£ 2 3 4 5 6 7+
Size?




7. During summer, how much do you water your garden/lawn?

[:]1

neg.2ar

(13

[a

4 rmdign Aognt heavily

8. Do you nave any complaints abou’ "aing wailer quality or pressure?

o
Yes - colour :
flavour
additives ]
other (specify) l

number of comp1a1ntsi

9. As you know, the Water Board has introduced a new system of charaes
mace up of a fixed charge based on the value of your land and a
variible charge for the water you actually use. The fixed charge for
your property this year is $ . If you use the same quantity

k1) the variable charne will

be S

Bearing these new charges in mind, do you think that water is
iy L2 3

cheap reasonably priced or expensive?

). Tre next 2 guestinon. :re about methods wni b couid be used by housenolds
t2 reduce water usage.

vd) During the past four years you may have tried to reduce your water
use in some way. I[f so, what methods of water saving have you been
using? :

{show card 1]

(b} If you were to reduce your water usage in the future, which methods
in addition to those vou already use, would you use?

INCOOR

Less time in shower
Bath sharing
Avaid running water into unplugged basins/sinks

Number of methods
used in past [::

Number of methods

for future D

Fix dripping taps/houses

Reduce water used in toilet flushing

Use @ washing machine which uses Tess water
Use @ suds saver

Re-use water

Restrict the use of washing machine/dishwasher
Wash dishes less frequently

Other (specify)




10. Cont.

QOUTDOOR

Handwater lawn/garden
Water less often

Limit the use of sprinklers
Use buckets/watering cans

. N of hod
Use trickle systems umber methods

used in the past
Reduce lawn area e.g. put down paving l
Put in native plants Number of methods
. for futur —
Use woodchips/mulch ° uture

Wash car/boat on Tawn or with a bucket
Collect rain water

Other (specify)

*11. In a period of serious water shortage, it might be necessary for the Water
Board to impose measures to reduce mains water usage.

Following is a list of possible measures which could be taken. Please
rate them according to whether you would find them easy or hard for
your household, using the scale [card 2]

Annoy- Very
Easy ing Hard hard Unacceptable
{a) Restrict times for lawn and .
garden watering. 1 12 33 _Ja s i

(b) Restrict watering to hand- -
held hoses. R - T

De o Os

(c}) Ban complete emptying and e
refilling of swimming

pools. Tcode as 0 iF ne pool] v ije (O3 [J¢ s L
(d) Increase water charges - . . _

per kilolitre by 50%. Y Je i3 e -
(e} Increase water charges for . _

usage above 500 k1. v g g3 g s

(f) Limit, to last years usage,

the amount of water each R Oz O3 e (s |

househoid could use.

12. 1f the Water Board was finding it difficult to supply the quantitv of
water demanded and only 2 alternatives were available, do you think

it would be better tc:
increase water prices and increase storage capacity h

or to apply permanent water restrictions? Z

S S—




.

*13. Please study the water use summary card carefuliy [card 3). Remember,
uncder the new pricing structure you will pay a variable charge for the
water vou actually use and a fixed charge.

The fixed charge for your property this year is S

Last year you used kilolitres.
Assuming that water restrictions do not apply, how much water do you
think your household would like to buy per year. at each of the
following prices?

3¢ per kitolitre fcard 4} k1
SUc per kilolitre fcard 5) k1
33¢ zer kilolitre (card 63 ki
$1.20 per kilolitre (card 7) k1

*14. (a) Consider now the situation where your householid has the rignt to

kilolitres of water, but you still have to pay 60¢ per

kilolitre if you use any of this quota. If the Water Board wanted

to supply new customers but had no spare water, how much of your

household's quota would you be prepared to give up?

{b) Having given up k1, your remaining quota is k1.

How much of this would vcube prepared to give up if the Water Board
offered you a rebate of 60¢ for every kilolitre given up? [card 8)

{c) Now your quota is k1.

How much more water would you give up if you were offered $1.20
forevery kilolitre given up? (card 9]

(d) Now your quota is only k1.

How much of this would vou give up if vou were offered $3.00 for

every kilolitre given up? [card 10]
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5.

*16.

*17.

18.

(83

Are you prepared to answer a question on income level?

No [ ]O Yes - fcard 1)
(k) 0 - 3,999 R
(1) 4,000 - 7,999 [ ]2
(m) 8,000 - 11,999 (3
(n) 12,000 - 15,399 |4
(o) 16,000 - 19,999 (5
{p) 20,000 - 23,999 |6
(q) 24,000 - 27,999 [ 7
(r) 28,000 or more [ |8

1

household head |

household total [::] |

Are vou prepared to tell us the present or last occupation of the
household head?

No [ }0 Yes - Professional etc.

[ae]

Administrative etc.

Code first box as: Clerical

I . . .
% Retired/pensioner/home duties ; Sales
1 Unemployed : Farmers etc.

2 HNow employed | Miners etc.

B W

¢

Transport etc.
Tradesmen etc.

0 W~ D

Jociaaaaood

Service etc.

[

Are you prepared to tell us the age aroup of the household head?

No | ;0 Yes « [card 12)

k) < 20
1)
m) 30 - 39
)
)

~

[}

n

N

P e e e

feal

9
pj 60 or more

criotioog

what is your main reason for helping us with this survey?

Concerned about new water charges

i

Concerned about water wastage

Like to co-operate with University
research

I

Other (specify)




Water 8aving Methods

INDOOR

Less time in shower

Bath sharing

Avoid running water into unplugged basins/sinks
Fix dripping taps/hoses

Reduce the water used in toilet flushing

Use a washing machine which requires less water
Use a suds saver

Re-use water

Restrict use of washing machine/dishwasher

Wash dishes less frequently

Other (please tell interviewer if you use other methods)

OUTDOOR

Handwater lawn/garden

Water less often

Limit use of sprinklers

Use buckets/watering cans

Use trickle systems

Reduce lawn area e.g. put down paving

Put in native plants

Use woodchips/mulch

Wash car/boat on the lawn or with a bucket
Collect rain water

Other (please tell interviewer if vou use other me thods )
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Easy (1)

Annoying (2)

Hard (3)

Very hard (4)

Unacceptable (5)
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Water Use Summary

The following are average use rates {obtained from other studies)
and are not necessarily an indication of water use patterns of particular
people.

AVERAGE NUMBER OF AVERAGE NUMBER OF PERCENTAGE OF
LITRES USED PER KILOLITRES USED TOTAL WATER

ACTIVITY PERSON PER DAY PER PERSON PER YEAR USED
DISHWASHING 17 6.2 8
CLOTHESWASHING 33 12 16
TOILET FLUSHING 37 13.5 18
SHOWERING 34 12.4 17
BATHING 20 7.3 10
DRINKING ETC. 8 2.9 4
CAR WASHING 4 1.5 2
LEAKAGES, GARDEN
USES AND OTHER USES 53 19.2 25
TOTAL 206 LITRES 75 KILOLITRES 100%

*Please note that the above are usage figures per person. Average household
usage can be calculated by muitipiying by the number of permanent residents.




CoST

30¢ per kilolitre

AMOUNT PURCHASED ANNUAL COST COST PER WEEK

50 k1 $15.00 29¢

100 k1 $30.00 58¢

150 k1 $45.00 87¢
200 k1 $60.00 $1.15

250 k1l $75.00 $1.44

300 ki $90.00 $1.73

400 K1 $120.00 $2.31

500 k1 $150.00 $2.88
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cosT
60¢ per kilolitre

AMOUNT PURCHASED ANNUAL COST COST PER WEEK

50 k1 $30.00 58¢
100 k1 $60.00 $§1.15

150 ki $90.00 $1.73

200 k1 $120.00 £2.31

250 k1 $150.00 $2.88

300 K1 $180.00 $3.46

400 ki1 $240.00 $4.62

500 k1 $300.00 $5.77
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CosT

90¢ per kilolitre

AMOUNT PURCHASED ANNUAL COST COST PER WEEK

50 k1 $45.00 87¢
100 k1 590.00 $1.73

150 k1 $135.00 $2.60

200 k1 $180.00 $3.46

300 K1 $270.00 $5.19
400 Kl $360.00 $6.92

500 k1 $450.00 $8.65
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CosT

$1.20 per kilolitre

AMOUNT PURCHASED ANNUAL COST COST PER WEEK

50 k1 $60.00 $1.15
100 k1 $120.00 §2.31
150 ki $180.00 $3.46

200 k1 $240.00 $4.62

250 k1 $300.00 $5.77

300 k1 $360.00 $6.92
400 k1 $480.00 $9.23

500 k1 $600.00 $11.54
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ANNUAL VALUE

VALUE PER WEEK

COMPENSATION AMOUNT GIVEN UP
60¢ per kilolitre 10 ki
50 k1
100 k1

200 k1

$6.00
$30.00
$60.00

$120.00

12¢
58¢
$1.15

$2.31
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ANNUAL VALUE

VALUE PER WEEK

COMPENSATION AMOUNT GIVEN UP
$1.20 per kilolitre 10 k1
50 k1
100 k1

200 K1

$12.00
$60.00
$120.00
$240.00

23¢
§1.15
$2.31
34.62
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10.
COMPENSATION AMOUNT GIVEN UP ANNUAL VALUE VALUE PER WEEK
§3.00 per kilolitre 10 k1 $30.00 58¢
50 ki $150.00 $2.88
100 k1 $300.00 $5.77
200 ki $600.00 $11.54

120



11.

INCOME

PER ANNUM
(k) 0 - $3,999
(1) $4,000 - $7,999
(m) $8,000 - $11,999
(n) $12,000 - $15,999
(o) $16,000 - 519,999

(p) $20,000 - $23,999

1

1

(q) $24.,000 - $27,999

(r) $28,000 or more

PER WEEK

0 - §77.00

$78.00 - $154.00
$155.00 - $231.00
$232.00 - $308.00

$309.00 - $385.00

$386.00 - $462.00
$463.00 - $538.00

$539.00 or more
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12.

AGE GROUP (household head)

(k) 19 or less
(M 20 - 29

{m) 30 - 39

(0) 50 - 59

{p) 60 or more
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‘ @@ . DEPARTMENT OF AGRICULTURAL ECONOMICS AND BUSINESS MANAGEMENT
feerld =

j THE UNIVERSITY OF NEW ENGLAND
@2 ARMIDALE, N.S.W. 2351, AUSTRALIA

TELEPHONE (0871 733333

10th September, 1982

TELEX 66050

Dear Sir/Madam,

You are probably aware that there is arowing concern in the Newcastle
community that water charges are unfair. VYou may also be aware that Australia
faces long-term water problems which are auite independent of the current dry
season. Decisions of water authorities about the management of water and about
water charges are now more important than ever.

We are conducting independent University research designed to identify
important aspects of the demand for water in residential areas. We hope that the
information we gain will be useful for influencing water supply authorities in
their setting of charges for water.

The purpose of this letter is to seek your assistance with this research. Your
household is one of 1600 which have been selected at random from a list of
households in the Hunter Region. We would like to send an interviewer from the
Datex Co-operative Limited to your home at a time of your choice, to conduct a
twenty to thirty minute interview with the head of your household or his/her
representative. As well, we would like your permission to collect from the Hunter
District Water Board, your total water usage figures for the past three years.
While this information will be vital to our research we could, if you wish, tell
you how much you paid for water under the old pricing policy and how much you
would pay for the same quantity of water under the new pricing regime. Our
interviewer will have this information for you.

If you are prepared to help us in these ways, could you piease complete the
enclosed form and return it to us in the reply paid envelope as soon as possible.
Also enciosed is some information on water use which we hope will be of interest
to you.

You have our sincere assurance that all information obtained will be treated
in an absolutely confidential way. Results of our research will not include
your identity in any way and discussion will be in terms of group averages and
similar statistics. A summary of our results will be provided to all participants
in the survey.

We hope that you'll agree with us, that the more information about consumer
preferences (with regard to water supply) that can be conveyed to water supply
authorities, the better they should be able to serve community needs.

Yourk sincerely,

Warren Musgrave,
Professor of Agricultural Economics
and Head of Department.

Encls.
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The Cost of Water Supplied by The Hunter District Water Board

1.

Tenants

For customers connected to both water and sewerage
(a) A fixed charge:

1.25¢ per dollar of 1977 unimproved land value for water
1.25¢ per dollar of 1977 unimproved land value for sewerage

(for a block worth $7,500 in 1877 this amounts to $187.50 per
year or $3.60 per week)

(b) Plus a charge for water used:

60¢ per kilolitre {40¢ for water, 20¢ for sewage)

For customers connected to water only
(a) fixed charge:

1.25¢ per dollar of 1977 unimproved land value
(for a block worth $7,500 in 1977 this amounts to $83.75 per
year or 51,80 per week)

(b) Plus a charge for water used:

40¢ per kilolitre

In some areas there is also a charge for stormwater drainage but
this is not a concern of our research, since such surface drainage is

not connected to the water supply or sewerage systems.

People who are renting the house in which they live were not responsible
for water rates under the old pricing structure. However, under

the new pricingpolicy,agreementon water charges will need to be reached
between owner and tenant. For example, the owner may pay the fixed charge
and the tenant may be responsible for the cost of water actually used.
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Water Use Rates

The following information represents an approximation of average water usage for the tasks listed. Actual
use rates by individuals or households may be substantially different from those below. However, they do
represent a reasonable guide to the householder.

Please note: one kilolitre equals one thousand (1000) litres.

Dishwashing (by hand) 18 litres per wash (54 litres per day)
(by machine) 42 litres per wash .
plus 14 litres for hand washed items (84 Vitres per day)

Clothes washing (automatic and

semi-automatic) 155 Titres per wash (4.3 kg or 10 pounds of clothes)

{non-automatic) 90 litres per wash (4.3 kg of clothes)
Toilet flushing (public sewerage) 11 litres per flush (44 litres per person per day)

(septic tank) 3.5 litres per flush {14 Yitres per person per day)
Shower (approximately 5 minutes) 55 litres
Bath 120 Titres
Drinking, cooking, house cleaning 8 litres per person per day
Car wash (bucket) 70 litres per wash

{running hose) 200 litres per wash

Garbage disposal unit 30 litres per day

Leakages and wastage 32 litres per person per day



Water Use Summary

The following are average use rates (obtained from other studies)
and are not necessarily an indication of water use patterns of particular
people.

AVERAGE NUMBER OF AVERAGE NUMBER OF PERCENTAGE OF
LITRES USED PER KILOLITRES USED TOTAL WATER

ACTIVITY PERSON PER DAY PER PERSON PER YEAR USED
DISHWASHING 17 6.2 8
CLOTHESWASHING 33 12 16
TOILET FLUSHING 37 13.5 18
SHOWERING 34 12.4 17
BATHING 20 7.3 10
DRINKING ETC. 8 2.9 4
CAR WASHING 4 1.5 2
LEAKAGES, GARDEN
USES AND OTHER USES 53 19.2 25
TOTAL 206 LITRES 75 KILOLITRES 100%

*Please note that the above are usage figures per gerson. Average household

usage can be calculated by multiplying by the number of permanent residents.
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Water Saving Methods

INDOOR

Less time in shower

Bath sharing

Avoid running water into unplugged basins/sinks

Fix dripping taps/hoses

Reduce the water used in toilet flushing (e.g. place a brick in cistern)

Install a dual flush cistern in toilet (small flush for liquids, large for solids)
Use a washing machine which requires less water

Use a suds saver

Re-use water

Restrict use of washing machine/dishwasher

Wash dishes less frequently

OUTDOOR

Handwater lawn/garden

Watering three times a week

Watering twice a week

Water lawn/garden at night only

Limit use of sprinklers

Use buckets/watering cans

Use trickle systems

Reduce lawn area

Put down paving

Put in native plants

Use woodchips/mulch

Wash car/boat on the lawn or with a bucket (e.g. use swimming pool or wash
water for garden)

Re-use water

Collect rain water
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DEPARTMENT OF AGRICULTURAL ECONOMICS AND BUSINESS MANAGEMENT

THE UNIVERSITY OF NEW ENGLAND
@ b oS ARMIDALE, N.S.W. 235}. AUSTRALIA

TELEPHONE 1067) 733333
TELEX 55050

RESEARCH PROJECT: AN EVALUATION OF THE DEMAND FOR WATER

I am willing to offer my help and co-operation for the above-mentioned
research project and give permission to University research staff to obtain
from Hunter District Water Board records, my household's water use over
the last three years.

I realise that my assistance will involve one interview of twenty to
thirty minutes at my home, at a time to be arranged.

I understand that all information about my household will be treated
as confidential and will only be used for statistical analysis.

(signature)

So that we can contact you to arrange a8 suitable interview time and
date, could you please write down your telephone number.

If you do not have a telephone, could you please specify a general time
of day during which you are likely to be at home and available for your
interview.

Please return in the reply paid envelope provided, to:

Professor W.F. Musarave,

Department of Agricultural Economics
and Business Management,

The University of New England,

Armidale, N.S.W. 2351

If you require further information please contact the Datex Co-operative
Limited of Newcastle {phone 631851) or Professor Musgrave of Armidale
(phone 067 732280).
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DEPARTMENT OF AGRICULTURAL ECONOMICS AND BUSINESS MANAGEMENT

THE UNIVERSITY OF NEW ENGLAND

@?;ﬁ_ i:;, ARMIDALE, N.S.W. 2351, AUSTRALIA
IN REPLY PLEASE QUOTE TELEPHONE (067) 73 3333
WEM:sl TELEX 68050

1lth October, 1982

Dear Sir/Madam,

Several weeks ago you may recall that I wrote to you about some
research we are undertaking into the demand for water by households.
In that letter I asked if you would be willing to participate in our
survey of households in the Newcastle area.

As yet we have not heard that you are willing to participate in
the survey. This may, of course, be because you find yourself unable
to participate. I am writing to you now in the hope that you can
participate but for some reason have not been able to respond to our
earlier approach. If you are able to help us would you please complete
the enclosed form and return it in the reply-paid envelope provided?

The research project was initiated, not because of particular
problems in Newcastle, but because of general pressures on water
supplies which we believe are emerging throughout Australia. The
results of our study are intended to help water managers in tackling
these emerging problems. Since starting the project the particular
problems of Newcastle, with which you are no'doubt familiar, emerged.
Both the Hunter District Water Board and the Hunter District Water
Board Consumer's Committee see our study as being important in tackling
the water problem of Newcastle and they are strongly supporting the
project. Your support of the project would also be most helpful. I
should be most grateful if you could assist by participating in a brief
interview at your home at a time which is convenient to you.

I look forward to hearing from you.

Yours sincerely,

Warren Musgrave,
Professor of Agricultural Economics
and Head of Department.

Encl.
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This appendix is devoted to a review of the statistical methods and
test statistics used in the present study. The appendix is divided into
five sections. In the first, the least-squares regression model is
presented and some of the statistical problems which are likely to arise
in empirical demand analysis are discussed. The test statistics reported
in Chapter 4 are also outlined. In the second section, the Box—-Cox
regression framework is described. In the third, tests of the
statistical significance of estimated elasticities are outlined and in
the fourth, tests of the statistical significance of the difference
between two means are outlined, In the final section, details of a

procedure for testing for homogeneity of degree zero are presented.

C.l1 The Least-squares Model

Least-squares regression is a technique which produces best (minimum
variance) linear unbiased estimates of parameters. The general form of a

single regression equation may be written in matrix notation as follows:

Y=XB +u
where Y = (nxl) column vector containing the values of
the dependent variable at each observation y;:
X = (nxk) matrix of explanatory variables (x,; represents
the it" observation on the j** variable);
B = (kx1l) column vector of parameters, B;: and
u = (nxl) column vector of disurbances u;,

The estimation procedure involves minimising the sum of squares of

the residuals (estimated disturbances), defined as:

ey = Yy ~ Xxé
- ?i

Y (i=1,2,...,n)

row vector of explanatory variables:

1]

where X,

o
1

column vector of estimated coefficients; and

predicted value of y,.

[
It
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The sum of squares of the residuals is defined as:

RSS = ) e;?2

E~ (y; - X;é)z

{=1

This is minimised by setting to zero the first-order derivatives with

respect to é, yvielding the estimating equation:

B = (XX)-t X'Y.

There are four major assumptions upon which least-squares regression

analysis is based:

(a) the expected (or mean) value of the disturbances is zero:

(b) disturbances are uncorrelated:

(c) disturbance variance is constant (that is, homoscedastic):and
(d) the matrix of explanatory variables is fixed and has a rank of

k, equal to the number of explanatory variables.

C.1.1 Heteroscedasticity

Heteroscedasticity violates the assumption that variances of the
stochastic disturbance term are finite and constant over the sample.
Heteroscedasticity causes estimates to be inefficient in the sense that

they are no longer minimum-variance estimators. Estimates are also

biased so that t tests and F tests are invalid.

Essentially, traditional testing for heteroscedasticity involves the
dividing of large samples into several sub-samples, based on the level of
a relevant explanatory variable, and calculation of the variances of each
sub-sample. If the wvariances of each sub-sample differ markedly, then
heteroscedasticity is evident. The Goldfeld-Quandt test (Goldfeld and
Quandt 1965) is based on such a procedure.
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The test used in this study was the Breusch-Pagan test (Breusch and
Pagan 1979) which does not require the ordering of data, although it is a

powerful test for heteroscedasticity (Judge et al. 1980, p.l1l46), In
this test it is assumed that:

ng = f(Z, "a)

where s;? = variance of the residuals;

a function independent of the observation,i:

a vector of unknown parameters: and

()
i

"

Z; a vector of non-stochastic variables which may be identical

to, or a function of, the regression variables.

Under the null hypothesis of homoscedasticity and the assumption that the
recsiduals are distributed normally, the Breusch~Pagan test requires that

half of the regression sum of squares from

e ?/s? = z,"'a + v;

is distributed as x? with (K-1) degrees of freedom, where e; are the

residuals from the preferred regression model and

Overcoming the problem of heteroscedasticity involves the scaling or
weighting of observations by the use of generalised least-squares
estimation. The weighting procedure makes use of estimates of s;, which
are not constant, In matrix notation, the homoscedastic model is

specified eas:

B = (X'X)-tX'Y.

However, the heteroscedastic model makes use of.
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P=1]1/s, 0 0
0 1/s, 0
0 0 1/51
Y* = PY: and
X* = XP.

(X*'X*)= Xy
(X'P"PX)~*X'P’PY
(X'Q7* X)71X'Q 'Y

Therefore, B

where P'P = Q-1 = 1/842 0 0
0 1/s,2 0 ¢ and
0 0 1/8,2

COv(B) = (X'Q-1X)-1X.

Unfortunately the true error variances are urknown 1in empirical
studies. Therefore, estimates must be made, These estimates are
obtained from hypothesised relationships between the variance of the
residuals and particular explanatory variables. In cross-sectional
analysis of consumption, it is likely that the income variable will be
related to residual wvariances (Intriligator 1978, p.156). The
Breusch-Pagan test is suitable for detecting this type of
heteroscedasticity. If the relationship is of a simple linear type, then

the matrix, P, will contain non-zero diagonal elements 1/x;.

C.1.2 Autocorrelation

One of the assumptions underlying least-squares regression analysis
is that the disturbances are uncorrelated. This implies that successive
disturbances are drawn independently of previous values, Therefore, it

is necessary to test estimated models to ascertain whether or not this
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assumption is violated. That is, one must test for the presence of
autocorrelation, the condition of correlated disturbances, since such a

condition results in a loss in the efficiency of parameter estimation and

under-estimated sampling variances (Johnston 1963, p.179),

The test used for the detection of autocorrelation in the present
study was that of Durbin and Watson (1951). This test is detailed in
many econometric texts, including Johnston (1960), Judge et al. (1980,
Theil (1971) and Pindyck and Rubinfeld (1981), The test statistic, 4, is

defined as:

N N
d=§:(ei"'ei_1)2/3812

=2 1=1

where e, = residual (estimated disturbance) at

observation i,

This statistic lies between zero and four, with a value of approximately
two indicating the absence of first-order autocorrelation (Pindyck and
Rubinfeld 1981, p.159%9).

In cases where a lagged dependent variable is included in the
regressor set, however, the Durbin-Watson statistic cannot be used. In

such cases the ‘h’ statistic (Durbin 1970) should be wutilised (Pindyck
and Rubinfeld 1981, p.194). This is defined as:

h=(1-d/2) (N / 1-N[sg21)0:53
where d = Durbin-Watson statistic;
= number of cbservations; and
ss?2 = variance of the estimated coefficient of the lagged

dependent variable.
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The h statistic is approximately normally distributed with unit
variance, Therefore, with reasonably large samples, as in the present
study, h statistics which fall between -2 and 2 indicate that first-order
autocorrelation is not apparent., The h statistics have been reported in
Chapter 4 because the use of a variable describing the previous vyear’'s
water use in the preferred model formulation is analogous to using a

lagged dependent variable.

C.1.3 Normality of the Residuals

Least-squares regression analysis is not dependent upon disturbances
being drawn from a normal distribution, However, normally distributed
disturbances are necessary for the appearance of unbiased ressults from
tests of significance (Judge et al. 1980, p.300; Jarque and Bera 1980,
p.255).

Since the t and F tests rest on the assumption that the stochastic
disturbances are normally distributed, such tests can be valid only when
that assumption holds. A test for normality in the residuals will,
therefore, be a gquide to the relevance of the assumption for the
particular set of data being examined. If the assumption of normality is
viclated, then it may be necessary to transform the data or to apply a

type of analysis other than least-squares regression,

A widespread test for normality is the chi-square ‘goocdness-of-fit’
test. The Shapiro-Wilk statistic 1is also used widely in empirical
econaomic studies, In addition, coefficients of skewness and kurtosis and
the Jarque-Bera chi-square test (Jarque and Bera 1980) provide valuable

guidance as to the normality or otherwise of the disturbances,

The chi-square test involves the grouping of the residuals into
classes so that a frequency distribution is formed and the mean and
standard deviation calculated. Given the mean and standard deviation, a
normal distribution is fitted and expected frequencies (f,’) in each
class are obtained. The test criterion is (Snedecor and Cochrane 1967,
pp.84-5);
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chnlc = X (fi - fi’)z/fi' -~ sz-’l—r

{=1

where k = number of classes:
f; = observed frequencies; and
r = nunber of parameters estimated.

The Shapiro-Wilk statistic (Shapiro and Wilk 1965) which involves
the use of best linear unbiased with scalar covariance matrix (BLUS)
residuals, also enables one to test for normality in the disturbances,?

It is defined as:

h n

W= C]amlem-te1r ~ e, 1D/ ] (ecy, = e)?
{=1 {=1
where n = number of observations minus the number
of parameters in the regression equation:
€1y < 82y <...< €¢n, = ordered BLUS residuals;
e:: z é(x)/n;
{i=1
h = n/2 or (n-1)/2 according to whether n is even
or odd: and
ajn, = coefficients tabulated by Shapiro and

Wilk (1965).

The test for normality uses the null hypothesis that the disturbances are
normally distributed, with the critical region given by low W values,
Significant points are tabulated in Shapiro and Wilk (1965).

The Jarque-Bera asymptotic LM normality test statistic was outlined

*A detailed treatment of BLUS residuals is given by Judge et al. (1980)
and by Theil (1972). The mathematical details of their derivation are
beyond the scope of this study but it 1is appropriate to note their
characteristics: a set of BLUS residuals is a linear function of the
dependent variable; is unbiased: is homoscedastic: and 1is not
autocorrelated (Judge et al. 198G, p.120).
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by Bera and Jarque (1981), The author in the present study was able to
use this statistic because it was included in the output of the
programme, SHAZAM, which was used to obtain the results reported in
Chapter 4. It is inappropriate to present the full details of the test
in the present study, although it is pertinent to point out that the test
statistic is asymptotically distributed as chi square.

Finally, consider normality in terms of the skewness and kurtosis of
the distribution, A measure of the amount of skewness in a sample is
given by the value of the third moment about the mean. The coefficient

of skewness is calculated as:
gs = m3z/(mzy/ m2)

where m: = z(e; - e)3/n: and

m, = 2(81 - E)z/n.

If the sample is drawn from a normal population, g, 1s approximately
normally distributed with a mean of zero and a standard deviation of

(6/n)°-3, Therefore, if |g,| exceeds approximately 2. (6/n)°-%, normality
is rejected at the .05 probability level {(Snedecor and Cochran 1967, p.86).

The coefficient of kurtosis may be calculated as:

= (ml,/mzz) - 3

Q
N
l

where m, = 3{e; —€)/n.

If the result is positive, the distribution is peaked compared to the
normal distribution and if it is negative, the distribution is relatively
flat topped (Snedecor and Cochran 1967, p.87).

In relation to test statistics derived from regressions which vyield
non-normal residuals, it has long been ‘common belief’ that if the
residuals do not diverge widely from a normal distribution, that is,

provided the residuals form an essentially bell-shaped histogram, then t
and F test statistics are likely to be robust, Such a ‘'rule-of-thumb’
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follows from the work of such researchers as Pearson (1331) and Box and
Watson (1962).

C.1.4 Multicollinearity

The rank condition, that the rank of X (the matrix of regressor
variables) equals k, ensures that no column is a linear combination of
another, If one column is a linear combination of another and,
therefore, the rank condition is violated, there exists perfect
multicollinearity, 1If such is the case the required inverse matrix does

not exist.

A much more frequent problem, and one which is more difficult to
detect and rectify, 1is where one column of the X matrix is almost a
linear combination of another. If the value of the determinant of X'X is
almost zero, then (X'X)-! will tend to have large diagonal elements, thus
resulting in large standard errors of estimated coefficients. In
addition, the R? may be high, as may be the calculated F statistic. Such
results show that the explanatory variables, as a set, may be correct but
the separate effects of each are indistinguishable,. As well, the
omission of variables may have severe effects on the explanatory power of
the model,

Essentially, the problem is one of experimental design and data
deficiency, leading to a lack of sufficient information and ambiguity of
statistical results. This occurs in economic analyses because of the
frequent existence of relationships among the set of explanatory
variables. For example, in demand studies, wealth and income appear
frequently in regression equations. However, these variables are likely
to be related in a strongly positive way in cross—-sectional studies.
Such collinearity results in the problems outlined above.

Detection of multicollinearity is generally afforded by the wuse of
‘rules-of-thumb’, although these rules are largely ineffective (Judge et
al., 1980, p.458). One guide is the relative size of simple correlations
among regressors. If the correlation coefficient is greater than 0.8

and/or greater than the R? for the equation, then multicollinearity may
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be a problem. Another guide to be used is that obtained from regressing
the dependent variable on sub-groups of explanatory variables and
detecting by how much R? values differ. If the difference is small when
a variable is omitted, then multicollinearity, or model

mis-specification, may be a problem,

The relative sizes of F, R? and t statistics also offer guidance as
to the presence of multicollinearity. It is suggested that an indication
of the problem is given when F and R? statistics are high but t-values
are low, A fifth method of detection relates to the relative size of the
determinant of the X'X matrix, although Judge et al. (1880, p.46l>
dismiss this method as largely irrelevant to applied workers. A sixth
technique, although not amenable to the separation of inter-relationships
among independent wvariables, 1is to regress each of the independent
variables upon all other explanatory variables. If the R? 1is high for
these auxiliary regressions, near-linear dependence between regressors is
indicated, Following from this technique, is that using the ‘variance
inflation factor” which makes use of the diagonal elements of the (X'X)-1
matrix for the auxiliary regressions, but which is the subject of the
criticism that it is of little use to applied researchers (Judge et al,
1980, p.462).

Solution of the problem of multicollinearity can be difficult,
although several alternative paths are canvassed in the literature. The
most obvious solution is to obtain additional data with which the
explanatory power of each variable can be distinguished. Another is to
apply linear constraints upon the parameters, or combinations of
parameters, based on theoretical considerations, or to give some
coefficients particular values, derived from other empirical studies.
Careful exclusion of offending variables may also be of value, although

ad hoc selection of variables should be avoided.
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C.1.5 The Coefficient of Multiple Determination

The coefficient of multiple determination (R?) measures the
proportion of total variance which is explained by the regression. That

is:

R2 =1 -)e.2/)y;? (0<R2<1)

where Eyiz sum of squares of deviations from the mean

Eeiz

of the dependent variable: and

residual sum of squares,

This is a measure of the explanatory power of the regression, Comparison
of equations wusing R? is wvalid when the same data are used for the
estimation of each, the same dependent variable appears in each and the
same number of explanatory variables appears in each. Since the addition
of explanatory variables will always increase the wvalue of R2, it is
invalid to compare equations with differing numbers of explanatory
variables, unless the adjusted coefficient of variation (R?) 1is used.
This statistic takes account of the change in the number of degrees of
+

freedom which results from altering the number of variables in the

regressor set:

R? = R%Z - (k-1)(1-R2)/(n-k)
where k = number of elements in the vector of regression
coefficients: and
n = number of observations on each variable.

An R? of above 0.5 is considered to be reascnable for cross—sectional

data (Intriligator 1978, p.127).

Unfortunately, these coefficients of multiple determination are not
comparable across models unless the same dependent variable is used in
each model. Therefore, it is necessary to transform the R?2 so that

comparisons across models are possible, This was done in the present
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study. The procedure adopted to adjust the R? for the heteroscedastic

and Box-Cox models may be illustrated with respect to equation 4.5, using

the following stepwise procedure:

(i) regress the dependent variable on the independent variables:

(X/H)B

(Y/H)

where H = the vector of "heteroscedasticity
correction factors’ as reported in

Chapter 4:
(1i1) save the vector of predicted values of Y (that is, ?): and

(1ii) multiply the vector of predicted values of Y by the wvector of
heteroscedasticity correction factors and regress the result on

the vector of actual opservations on Y:

The R? calculated for this regression is that reported in Chapter 4. It
provides a comparable measure of the explanatory power of each

regression.

C.2 Box—-Cox Rearession

Regression analysis is usually justified by assuming that residuals
are uncorrelated and drawn from a normal distribution with constant
variance (Box and Cox 1964), However, for some statistical models these

assumptions may be violated and it is sometimes possible to transform the

dependent and/or independent variable(s) so that the residuals are

nermally distributed and homoscedastic.

The Box-Cox transformation invalves searching for a value of lambda

which transforms the dependent variable such that:

Y, (M) = X,'B + e,
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where A = the transformation constant:
A
Yi(A) = (Y - 1)/
Y, = observation, i, on the dependent variable:
X; = observation, i, on the vector of explanatory variables:

B = vector of estimated regression coefficients: and

e; = residual, i,

This transformation has been used as a device for generalising the
functional form of econometric models and may be applied to the
independent variables as well as the dependent wvariable, either
separately or in combination., At the limit, as lambda approaches zero,
the lcogarithmic transformation is approximated, while, as lambde
approaches unity, the variables remain untransformed (Judge et al. 1980,
p.30%-10), Lambda, in the above ejuaticn, can be estimated, directly or
indirsctly, using the maximum likelihood technigque which utilises the lcg

of the likelihood function:

L = const — (N ln s2)/2 - (YA - st)’(YA - Xﬁ)/Zs2
N

+(x-1D Y 1lny,

i{=1

where Y =(ys , Y2, oo , ¥Yn I
"= (X4, X2, ... ., Xx), and
s?2 = estimated variance.

To estimate the appropriate values for lambda and other parameters, this
likelihood function = can be maximised directly by simultaneocusly setting
all first-order partial derivatives equal to zero (and checking the
second order condition), Alternatively, the concentrated likelihood

function
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LCX) = = N In s82(r)/2

can be used to choose the set of estimates for which s8*(}) is a minimum,
where s2( X ) 1is the estimated variance, conditional on lambda., This
involves using a search procedure to establish the appropriate value for

lambda (Judge et al., 1980, p.310).

C.3 Testing the Significance of Elasticities

Elasticites of demard were defined in Chapter 2 as:
E, = (3Y/3X,)+(X,/¥Y) = B(X.,/XB),

In order to test the significance of an elasticity estimate, it 1is
neceasary to determine its estimated variance. This is achieved by
making use of the product and quotient rules for variance calculatiaon
(Mood, Graybill and Boes 1974, p. 180~1) and the information available

from the regression analysis.
The relevant formula is as follows:
Var(E,) = (X,/X8)2 Var(B)

+ [(B,X,)/(XB)212 var(xB)
- 2B, [X,2/(XB)?] Cov(B,,XB)

where E; = elasticity of demand with respect to the i‘" variable;

mean value of the it" variable:

i
=B
1l I

vector of mean values of variables:
= vector of estimated coefficients;
var (8B) = X'var(B)X ;
Cov (é,,?ﬁ) = Rtt; and
Ci = 1i'" column of the covariance matrix

of estimated coefficients.
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[Var(Ep21°-% = Sg, = 0.049.

C.3.2 The significance of the price elasticitvy of demand

The testing of hypothesis (a) from Chapter 1 requires the execution
of two hypothesis tests. First, the null hypothesis that price

elasticity of demand (E,) is equal to or less than -1 should be examined
against the alternative hypothesis that E, is greater than -1. Second,
the null hypothesis that E, is greater than or equal to zero should be
examined against the alternative hypothesis that E, is less than zero.
In the present study t tests are appropriate, assuming that E, is drawn

from a normal distribution, and these were performed as follows.

(a) Ho : Ep < -1
H1 . Ep > _1

t = (-0.181 + 1)/0.049 = 16.71

Therefere, in view of the tabulated critical t wvalues of 1.96 for a
two-tailed test and 1.65 for a one-tailed test (at the 0.05 level of

probability), the null hypothesis is rejected and it is concluded that E,
is greater than -1 (that is, |E.| is smaller than |1]).

(b) He :
Hq

1

L] °
A IV
o o

t = (-0.181 - 0)>/0.049 = 3,69

Therefore, the null hypothesis is rejected and it is concluded that E,. is

less than zero.

C.3.3 The variance of the income elasticity of demand

With the exception of two components, the calculation of the
variance of estimation of the income elasticity of demand (E,) is as for
establishing the variance of estimation of E,. The exceptions are as

follows:
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Xy

15.363; and

"

Var (B,) = 0.022.

Therefore, using the formula presented above,

Var (E.) = 1.85 x 10°%; and
[VAr(E.1°-3 = Se¢, = 0.0136.

C.3.4 The sianificance of the income elasticity of demand

The tests which applied to testing the significance of the estimate
of E, are equally applicable to testing the significance of the estimate

of E.. These were performed as follows,

(a) H,
Hy ¢

11 m
]

AV
—t

t = (0.073 - 1>/0.0136 = 68.19

Therefore, the null hypothesis is rejected and it is concluded that E. is

less than 1.

(b Heo :
Hy :

QI )]
]

vV IA

o o

t = (0.073 - 05>/0.0136 = 5.37

Therefore, the null hypothesis is rejected and it is concluded that E. is

greater than zero.

€.3.5 Conclusion

As a result of consideration of the above hypothesis tests it is
concluded that, in the Lower Hunter Valley, for the period of the study
and based on the chosen sample, the price elasticity of annual
residential demand for water lies between 0 and -1 and the income

elasticity lies between 0 and 1. Hence, hypothesis (a) of Chapter 1 is
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accepted,

C.4 Tests of Significant Difference Between Means

The results of six t tests of the difference between means of
particular variables, for the survey sample and the population, have been
reported in Chapter 5. These tests follow Snedecor and Cochran (1968,

Ch.4) and are reported below.

C.4.]1 Water use in 1981/82: respondents vs non-respondents

+
1]

(X, = Xn)/(s.2/n. + 8,2/Nn,00-53
(231.7 - 210.99)/0(130.6>2/415 + (145,87)2/1185]°+3
2.7

[l

]

C.4.2 UCV: respondents vs non-respondents

(8205.1 - 7301.3)/0(3831.5)2/415 + (3459,9>2/1185]0-%
4.238

+
i

C.4.3 Water use in 1981/82; respondents vs population

o+
"

X+ = Xp)/(s.2/n,2°-%
(223.7 - 214.3)/0(130.16)2/415]°-73
2.723

il

C.4.4 Water use in 1981/82: non-respondents vs population

(216.45 - 210.99)/0(145.87>2/1185]°-%
1.289

pus
i

C.4.5 Water use by all interviewed households: USE82 vs

WTPUSE

t = (245,2 - 235.2)/0(145.87)2/1185]°"-"%
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= 1.289

C.4.6 Water use by final usable sub-sample: USE82 vs WTPUSE

(231.7 - 229.6)/0(130.2)2/415 + (122.7)%2/415]°-3
0.239

e
i

1

C.4.7 Conclusion

On consideration of the above tests of significant difference
between means and in view of the tabulated critical t value of 1,96 for a
two-tailed test (at the 0.05 level of probability), it is concluded that:

(a) there is a significant difference between respondents and
non-respondents regarding mean water use in 1981/82 and mean
Ucv:

(b) there is a significant difference between respondents and the
population reqgarding mean water use in 1981/82: and

(c) there is no significant difference between the non-respondents

and the population regarding mean water use in 1981/82,

C.5 Homogeneity of Deqree Zero

As indicated in Chapter 5, utility theory implicitly assumes that
demand functions are homogenous of degree zero in prices and income.

This assumption is tested readily by means of an F test.

The preferred model in the present study is given by equation 4.5:

WTPUSE = Bg + B,UCV + B,USE82 + B;RES83
+ B,Puw + BSHEADINC + B,D, .

Estimation of this (unconstrained) equation yielded a residual sum of

squares (RSS) of 37,665,
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The homogeneity condition implies the null hypothesis:

PuB, = -(UCTV B, + HEADINC Bs).

This leads to the constrained equation:

WIPUSE = Bo + B,UCV + B,USE82 + BaRES83
- (U{:Y By + -B%’;—QINQ B;)Pu + BsHEADING + B,D,
L] []
or
ey
WIPUSE = B, + B,(UCV - . Pu) + B,USEB2 + B,RES83

+ Bs(HEADING - HEADINC p,) + B,D,

Py

which, when estimated in the present study, yielded an RSS of 3v.094,

After estimating the RSS for both the unconstrained equation
[RSS(H,)] and the constrained equation [RSS(Hy)], the following F test
(Pindyck and Rubinfeld 1981, p. 118) was undertaken:

[RSS(Hg) - RSS(H,)1/M

F =
RSS(H, )/ (N-K-1)
where M = number of constraints:
N = number of observations: and
K = number of parameters.

For the present study:

3
1

(39.094 - 37,665) / (37.665/408)
15.48

.09

which compares with F?,‘o, ~ 3.86 and Ffj;%; - 6.7, Hence, the null
hypothesis is rejected and homogeneity of degree zero in price, income

and wealth is not applicable to the preferred model (equation 4.5),
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The data used in the estimation of the preferred model (equation
4.5) are presented in Table D.1. Each row of data corresponds to a

particular household, Collumn headings correspond to the wvariables

specified in

WTPUSE

ucv

USE82

RES83

HEADINC

Ds

equation 4.5 and are defined as follows:

1

N

intended water use at a particular price, elicited from

consumers using question 13 of the survey questionnaire;

unimproved capital value of the dwelling in thousands of

dollars:

actual water use in 1981/82, as measured by HDWB water

meters:
number of residents per household in 1982/83:
water price in dollars per kilolitre:

income of household head in thousands of dollars per

annum: and

dummy variable taking the value one for households with

septic tanks.

The mean value and standard deviation af each of these wvariables

appear in Table D.2,



Data Used in Estimation of the Preferred Model

Table D.1

WTPUSE Ucv USE82 RESE&3 P. HEADINC D,
447 6000 447 .5 S .30 14000 0
500 6500 510.4 4 .60 26000 0
300 5000 338.4 4 .90 3200 0
150 6000 166.7 2 1.20 10000 1
372 5000 372.8 S 30 18000 0
150 6000 191.6 2 .60 10000 0
150 6750 95.4 1 9@ 32000 0
200 7000 264.5 4 1.20 26000 0
200 4500 193.5 2 30 6000 0
150 3000 123.0 4 .60 22000 0
146 4000 162.6 2 1.20 6000 0
100 3300 107.8 2 .30 10000 1
344 5750 343.6 5 .60 18000 0
250 5500 329.6 4 .90 10000 0

80 6000 74.7 2 .30 18000 0
220 6500 241.38 4 60 32000 0
150 5500 253.3 4 .90 10000 0
350 5750 420.0 4 1.20 26000 0
400 6250 359.3 6 30 22000 0
205 1750 205.0 4 .60 22000 0
250 6000 318.3 2 .90 14000 0
211 6250 211.4 3 1.20 32000 0
338 6000 238.1 4 30 14000 0
201 6000 200.38 2 60 6000 ¢
200 6500 294.0 4 90 18000 0
208 6000 207.6 2 30 6000 0
197 6000 197.0 5 .60 14000 0

76 6000 76.7 2 .90 3200 0
200 6000 171.4 5 .30 22000 0
218 6000 202.5 2 .60 32000 0
400 7000 415.6 4 .90 32000 0

35 7500 39.0 1 1.20 3200 0
250 6500 193.1 2 .30 10000 0
150 6750 133.8 2 1.20 14000 0
150 6750 143.8 4 .30 22000 0
300 7000 174.1 2 .60 32000 0
200 6500 165.6 2 .30 18000 0
250 5250 325.1 2 1.20 6000 0
300 8000 362.0 3 .30 32000 0]
250 6250 253.7 3 .60 18000 ]
169 6500 168.9 5 .90 14000 0
300 4000 204.0 5 .30 14000 0
200 6000 165.7 3 60 6000 0

90 6000 88.8 1 .90 6000 0
150 4250 236.0 3 1.20 10000 0
350 2600 352.1 6 .60 6000 0
100 4500 98.3 1 .30 3200 0
300 6000 299.5 4 60 18000 0
200 6000 186.5 2 30 14000 0
100 6000 102.6 1 .30 3200 0
250 6500 294.2 2 .60 6000 0
170 1800 169.5 3 .90 18000 1
300 4000 334.0 6 1.20 14000 0

50 3250 23.1 P 30 3200 Q
300 5500 276.8 4 60 18000 0
200 2600 267.9 2 1.20 6000 1

cont./
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Table D.1-- Continued

150 6250 I61.0 4 90 18000 1
100 6750 124.4 3 L2 10000 1
400 5750 546.9 5 90 3200 0
100 6500 68.9 2 20 22000 0
500 6750 466.0 5 30 18000 0
200 16000 51,7 4 90 32000 0
100 5500 165.6 4 .20 22000 0
328 7500 328.5 3 .60 18000 0
200 6000 218.0 2 .90 26000 0
350 10500 264, 1 4 .30 26000 0
400 3500 257 .6 3 .30 22000 0
150 5500 121.,7 3 .60 14000 0
100 4600 60.2 2 .90 10000 0
50 5500 157.9 2 .20 3200 0
250 5250 255, 3 3 30 18000 0
300 4800 332.8 5 o 26000 0
150 3600 100.5 1 .Ja 14000 0
150 4300 225.6 2 .60 3200 0
200 6000 115.4 4 .90 10000 0
150 4500 120.9 2 .20 14000 0
50 4800 4.4 2 .30 3200 0
100 7250 154.8 3 .60 18000 0
300 6250 420.6 2 90 6000 0
100 4500 126.5 1 .20 3200 0
99 13500 99,2 1 .60 26000 0
2993 16500 299 .1 2 60 14000 Q
180 12000 167.4 4 90 32000 1
100 7250 59.2 i 30 6000 0
186 3000 177.6 4 .60 2200 0
56 6500 56.0 3 .90 £000 0
239 7250 239.5 1 .30 3200 0
150 6250 237.6 2 60 3200 0
150 6250 249 .9 4 .2 14000 0
200 12000 141 .96 2 30 18000 0
240 7000 REX: | 2 .60 6000 0
100 6750 148.2 1 .90 3200 0
45 8750 49.8 1 .20 3200 0
334 9250 333.¢9 2 30 18000 0
180 6250 217.3 1 60 3200 0
450 8750 611.6 4 .90 32000 0
70 5500 62.0 4 .60 6000 0
300 5750 392.7 6 .90 18000 0
200 5750 215.5 4 .20 3200 0
315 7250 315.6 3 .30 26000 0
300 7500 295.2 5 .60 32000 0
397 7000 397.7 8 90 18000 0
400 3000 531.7 5 60 10000 0
400 8500 308.8 5 .30 22000 0
300 8000 287 .6 2 .60 14000 0
600 16000 785, 3 4 .20 32000 ]
177 10000 177.0 2 .60 6000 0
578 12000 578.9 2 .90 3200 1
150 7750 92.5 4 20 14000 1
275 7500 275.5 4 60 10000 1
560 10500 560.5 2 an 14000 0
225 7250 249.8 3 .2 14000 1
83 6500 82.7 1 30 3200 0
270 7500 276.0 1 60 3200 0
160 250 188.6 1 90 6000 0
150 6000 188.8 S 20 14000 0

cant./
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Table D.1-- Continued

150 7500 132.1 2 90 14000 0
224 5500 224.0 4 .90 3200 0
50 3600 121.3 2 1.20 6000 0
500 7750 396.1 5 .30 18000 0
200 6500 181.5 3 .60 3200 0
150 8500 184.0 3 90 14000 0
100 5500 168.0 1 1.2 3200 0
100 7500 87.2 1 .60 3200 0
150 10000 104.0 3 .90 3200 0
400 9750 414.0 4 .30 18000 0
70 4700 80.6 1 .60 3200 D
100 4600 100.0 2 .90 3200 0
134 5250 133.6 2 1.20 3200 0
400 7750 369.5 4 30 32000 0
49 7250 50,1 2 60 18000 0
300 7000 J41.6 3 .90 22000 0
200 8750 321.2 7 1.20 22000 0
211 6250 211.5 2 30 10000 0
214 4500 224.6 4 .60 14000 2
260 6750 304.7 4 .90 14000 0
150 30040 234.4 1 1.2 6000 0
55 3000 56.2 2 .30 22000 0
312 7250 319.2 4 50 18000 0
45 6250 44,4 3 90 3200 0
150 8500 119.1 3 30 6000 0
247 7500 247.0 2 60 22000 0
7 7750 75.3 g a0 14000 0
44 8250 44,1 3 1.20 14000 0
40 8250 33.4 1 .3 26000 0
200 8000 217.0 4 .60 14000 0
130 6500 160.0 2 a0 22000 ]
180 7000 167.9 3 30 6000 0
170 7250 170.8 2 60 14000 0
136 8500 136.6 4 90 18000 ]
30 7250 95.7 2 1.20 3200 0
120 8500 118.3 2 .30 22000 0
300 7000 300.5 2 .60 3200 0
50 6500 75.9 1 90 6000 ]
380 4750 379.9 5 1.2 10000 0
57 15000 56.5 2 .30 14000 0
150 12500 194.5 1 .60 6000 0
150 6750 130,8 3 .90 14000 0
232 6000 232.3 2 .30 3200 1
208 6000 311.4 2 .60 3200 1
14 6750 28.2 2 .90 3200 1
200 5750 270.0 4 1.20 22000 0
140 5500 140.4 2 .30 18000 0
264 10500 264.9 4 .60 14000 1
250 5500 211.1 4 .30 14000 0
250 7500 161.7 3 .60 32000 1
340 4500 339.9 2 .30 3200 1
197 7750 197.40 3 1.20 22000 1
435 10500 433.8 2 60 14000 0
104 14000 104.0 2 90 3200 1
75 23000 40.8 1 90 3200 1
400 23000 400.1 9 1.20 32000 1
400 11000 415.0 1 .30 3200 0
160 10000 160.8 2 .60 6000 0
71 25000 70.9 1 .20 10000 1
220 5250 219.8 3 60 22000 0

cont./
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Table D.1-- Conti

50 7750 125.0 1 1.20 3200 0
250 8000 175.9 2 30 £000 0
300 8250 311.0 4 1.2 32000 0
308 10000 308.7 2 30 18000 0
&0 11500 80.1 1 30 22000 0
400 9000 509.3 3 .30 32000 0
342 8750 342.1 3 .60 18000 0
150 6500 220.4 2 ag 6000 o]
300 10000 264.3 4 1.20 32000 0
171 2500 171.6 3 30 22000 0
190 4300 189.7 1 50 3200 0
12 9000 143.9 2 Q0 32000 0
225 3000 307 .6 3 1.2 32000 0
130 6500 130.2 1 RIY 6000 0
200 6500 189.7 2 60 22000 0
400 8000 501.4 4 1.20 16000 8]
416 11000 416.5 3 3 10000 0
150 7750 135.7 2 &0 22000 0
50 7750 67 .4 2 30 3200 0
350 7250 377.7 4 1.2 14000 0
250 3000 276.3 4 30 18000 0
110 6750 108.7 2 650 6000 al
200 6750 234.9 2 apQ 6000 0
210 3750 209.7 2 .3 26000 0
84 8500 77.8 2 60 3200 0
100 8000 136.2 2 1.20 3200 0
236 5250 271.7 2 30 3200 0
200 7780 305.3 4 650 14000 0
300 2500 315.4 6 2 22000 0
100 7000 52.7 2 1.:20 32000 0
175 7250 188.8 5 20 22000 0
250 6500 221.5 4 Q0 10000 0
150 6500 120.5 2 30 14000 0
250 6250 273.5 8 50 10000 0
100 6250 76.5 5 1.20 22000 0
410 7250 410.8 2 30 26000 0
270 8750 274.3 2 60 6000 0
200 7000 246 .8 4 S0 10000 0
300 7500 296.3 4 .30 26000 0
S0 3000 57.2 6 .60 18000 0
60 £500 20.0 1 .90 32000 N
160 7750 168.0 4 1.20 6000 0
200 5750 117.0 4 60 32000 0
200 7500 254.9 2 1.20 6000 0
250 15000 228.3 2 30 6000 0
500 11500 523.0 5 60 6000 0
75 14000 73.4 2 90 22000 0
200 14500 235.5 2 1.2 26000 0
100 9250 67.1 1 30 3200 0
420 18000 422.3 6 .60 J2000 ]
50 12500 34,7 3 90 32000 0
300 13000 231.4 3 30 22000 0
300 11500 380.6 4 60 14000 0
70 8500 70.0 1 90 3200 0
270 18500 271.2 4 1.2 32000 0
250 13000 236.5 2 30 100600 [
200 12500 198.,3 2 60 18000 0
75 15000 91.5 3 S0 18000 ¢
J20 12500 327.89 1 30 6000 C
127 7250 126.9 2 60 26000 c
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Table D.1-- Continued

305 5750 305.5 5 .60 18000 0
70 5750 69.5 1 .90 6000 )]
200 6000 299,06 5 1.20 18000 0
400 6750 371.6 3 30 18000 0
130 13000 130.1 1 60 10000 0
100 6000 160,0 2 ag 18000 0
400 7250 346.2 3 30 6000 0
292 8250 292.0 4 90 26000 0
195 6500 195.4 2 1.2 18000 0
207 6750 207.8 1 .30 3200 0
101 6750 101.4 3 .90 6000 0
300 7500 403.6 ) 1.20 32000 0
422 5750 422.3 2 .30 10000 C
264 7000 264.5 4 .60 22000 C
150 14500 225.2 2 .90 18000 1
241 7250 241.1 q 1.20 26000 C
118 6500 118.3 5 .30 14000 0
259 6500 259.0 4 60 18000 a
261 5500 261.8 5 .90 18000 a
150 4750 190.8 2 1.20 22000 0
179 6750 179.1 2 .30 14000 0
225 6250 25.0 4 .60 18000 0
317 7500 317.3 3 .90 32000 0
200 8000 268.5 2 1.20 14000 0
275 250 275.1 4 .30 14000 0
71 4700 71.0 2 .60 6000 0
150 8250 217.2 ) 1.20 22000 0
130 anGo 130, 4 1 30 18000 0
416 asoo 416 .6 2 60 3200 0
253 2500 253.4 3 .30 14G00 0
297 8500 297 .1 4 1.20 18000 0
526 3250 526.5 5 .30 14000 0
214 6250 214.9 1 .60 10000 0
320 7250 320.8 ) .90 10000 0
150 8500 216.0 7 1.20 18000 0
297 4200 297.1 5 .30 22000 1
257 7250 257.5 2 .60 6000 J
623 7750 623.1 7 .90 22000 0
100 7000 193.3 2 1.20 3200 0
450 7500 450.0 2 30 10000 0
222 7250 222.4 2 60 6000 0
100 6500 98,1 3 .90 3200 0
250 50060 311.1 4 1.20 14000 0
120 7250 120.5 2 30 10000 0
56 §250 56,6 4 60 14000 0
106 §250 106.2 1 .90 3200 0
300 7750 310.8 6 1.20 26000 0
219 8500 219.2 2 30 6000 0
238 3000 238.4 3 60 32000 0
132 7000 162.6 4 .90 18000 0
307 8000 307.2 2 1.2 10000 0
344 7500 344.0 3 .30 18000 0
412 6750 412.4 4 .60 26000 0
225 11000 222.3 3 .90 18000 0
300 6250 302.0 4 30 3200 0
400 3500 347.5 5 .90 14000 0
150 3250 65.5 4 1.2 18000 0
450 10500 438.8 ) 30 32000 0
195 §500 195.0 3 60 10000 0
150 8750 233.9 2 30 26000 0
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Table D.1-- Continued

400
157
200
339
32
182
150
150
90
120
103
150
250
355
300
165
90
190
481
300
112
106
400
150
200
548
100
206
104
150

229
Ll

541
426
195
12

100
400
150
200
100
150
295

==

77
150
200
131
200

100
oo
219
150
268
350

75
455
200
366
350

74

S0GO
4750
8000
7750
11000
16000
7000
5000
8750
7000
17500
3000
8500
5750
13000
6250
10500
8500
20000
13000
20000
12000
11000
7000
6300
35000
6250
7250
8250
16500
7750
26000
7500
5000
5300
8000
6500
11000
g80oa
4600
3000
3500
5250
6500
7500
8500
25000
4300
7500
8000
7750
6000
7750
7500
6750
18000
7000
14000
8000
5750

443.
157,
199,
339.
320.
182.
133.
115.
131.
141,
103.
170,
311,
355.
168,
165,

200.
481,
348,
132.
116.
358.
193.
163.

167.
243.
131.
250.

/.

81.
269,
219.
194.
268.
429.

85.
455,
119.
366,
350.

74.
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14000
10000
180600
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22000

6000
18000
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6000
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10000
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14000

6000
18600

6000
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22000
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6000
22000
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6000

6000
22000
22000
32000
14000
22000
180060

3200
18000
14000
10000
18000

6000

6000

6000
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6000
14000

6000
14000

5000
22000
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18000
18000
14000
18000
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22000
13000
18000
32000
14000
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Table D.1-- Continued

50 5250 114.3 1 .30 6000 1
147 5250 147.5 7 .60 14000 1
50 5500 128.3 1 .90 10000 1
400 5500 306.3 2 .30 26000 1
600 20000 788.7 2 60 6000 1
47 11000 47 .5 1 90 3200 1
200 5750 273.2 5 1.2 18000 1
317 5000 317.0 3 .30 10000 1
250 9750 259.4 2 .60 26000 1
150 14500 205.6 3 30 14000 1
50 6500 129.7 2 1.20 10000 0
150 5750 139.4 5 30 26000 0
400 5250 474.7 4 .60 22000 0
200 6750 236.8 2 .90 18000 0
50 4800 149.8 1 1.20 3200 0
130 6500 29.7 1 .30 10000 0
500 3000 532.9 2 .60 18000 0
250 7000 J22.4 3 .90 22000 0
150 8750 164.8 1 1.20 3200 0
230 7000 230.7 2 .30 18000 0
250 7250 279.,2 2 60 26000 0
250 9000 232.8 4 .90 14000 0
460 7250 460.6 3 .30 32000 Q
150 6750 219.2 4 60 18000 0
75 8000 3.6 2 90 3200 0
250 7250 271.3 2 1.20 26000 0
500 §250 471.8 4 .30 26000 0
300 8500 J19.1 5 50 22000 0
95 250 182.7 5 .80 18C00 0
70 5000 77,9 4 1.20 140090 0
380 10500 3J61.6 4 .30 18000 0
400 11500 3J%6.3 2 .60 26000 0
120 Q000 84.1 3 .9G 18000 0
100 10000 120.7 2 1.20 10000 0
250 16500 209.7 2 .30 32000 1
300 6250 328.8 4 60 22000 0
500 25500 522 .4 6 60 32000 0
420 20000 Je7.2 2 90 32000 0
200 8750 310.8 3 1.20 14000 0
250 7250 203.4 3 .30 18000 0
500 8250 479.8 6 .30 18000 0
250 §250 246 .9 4 60 14000 0
225 9000 224.8 4 30 26000 0
s0 9250 56.9 2 30 10000 0
400 8000 313.2 5 .60 22000 0
400 3560 480.5 J .90 18000 0
100 8000 24.5 1 1.20 26000 0
200 8000 133.3 4 .30 26000 0
150 10000 226.4 3 .90 14000 0
300 14500 324.9 2 .30 22000 0
500 7000 425.8 2 60 320600 1
350 10000 344.4 b 90 18000 0
200 12000 234.3 2 1.20 26000 0
250 7500 250.9 1 .30 6000 0
300 11000 176.0 6 60 32000 0
125 8250 22.4 5 .90 22000 0
100 9250 35.8 2 1.20 18000 0
400 9250 292.4 4 .30 14000 0
200 39500 223.8 2 .60 18000 0
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Table D.2

Means and Standard Deviations of Reqression Variables

Mean Standard deviation
WTPUSE 223.41 123,86
ucv 8.21 3.86
USE82 231.70 130.16
RES83 2.99 1.49
P, 0.72 0.33
HEADINC 15.36 8.86
D, 0.12 0.32
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