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REFINEMENT OF TECHNIQUES FOR WATER DEMAND FORECASTING:

A REVIEW OF SOME CANADIAN CONTRIBUTIONS

W.R. Derrick Sewell & Stephen B. McClellan

The devélopment of accurate forecasts of future demands
is one of the most important tasks in water planning, but
until recently it has been one of the most neglected. 1In
part, this has been the result of the traditional supply—‘
orientation of the water industry, partiéularly in countries
where supplies are plentiful and there is no shortage of
capital for development. In contrast with the situation in
many other resource industries, such as petroleum, natural
gas, or agriculture, relatively little effort has been
devoted towards the development and application of sophisti-
cated techniques for forecasting water demands.

A number of recent discoveries, however, have underlined
the need to remedy this deficiency. Amongst these are the
anticipated major water scarcities in several regions of the
United States (U.S. National Water Commission, 1973), the
United Kingdom (Water Resources Board, 1974), and elsewhere
(White, 1976) by the end of the century. Another is the
recognition that capital requirements for. water development
projects are likely to skyrocket in the next few decades

(sewell, 1976). Both discoveries emphasize the need for a
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shift from the traditional "extensive" approach in water
management to a more."intensive" one in which demand is the
primary focus in planning. |

The need for improved techniques for water demand fore-
casting has beenlrecognized by scholars, -administrators and
policy-makers in several countries. Major efforts have been
made to identify and measure the facters underlying demands
for particular water uses, and to deVelop aggregate models
covering water use as a whole. While most.of the~research
has been done_iﬁ the United States,>there have been some
impertant*contributions in several other countries, including
the United Kingdom, Hungary, and Canada. The United Nations
Secretariat has also undertaken some valuable work in this
regard (United Nations, 1976). - |

This paper presents a review'of'attempts.to refine water
demand forecasting techniéues, particularly in conneetiOn
with residential, industrial, agricultural and recreational
water use. The review begins with a description of major
trends in the field, based particularlylonAerk undertaken
in the United Stateé; It then turns to a discussion of
contributions of Canadian researchers, particularly since
the publication of the volume on Forecasting the Demands for
Water in 1968 (Seweil & Bower, 1968). The present paper is
intended aé a complement to a much more detailed discussion

' by Tate (1977).
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Major Trends in the Field

The search for improved techniques for water demand
forecasting in the past decade has shown some important
shifts in approach, an increasing sophistication in research
methodology, and some major progress with respect to fore-

casting of demands in certain sectors.

Changing Approaches

The traditional approach to water demand forecasting
has been to prepare a simple linear projection of past
experience of per capita consumption or consumption per unit
of product. More refined versions take into account such
factors as per capita income, the level of saturation of
water-using devicés, or costs of supplying given volumes of
water.

The requiremenﬁs épproach is widely used throughout the
wéter industry and by water resource planners. It is used
in the preparation 6f specific proposals for the expansion of
water supply systems, electric power schemes, waste disposal
facilities or irrigation schemes. It is the main method
employed in developing forecasts of aggregate water uses at
the national level. 1Illustrations include the forecasts
prepared by Wollman for the United States (Wollman & Bonem,
1971) and the Watef Resources Board for the United Kingdom

(Water Resources Board, 1974).



. - Sewell/McClellan 4

Several researchers in recent years have criticized the
requirements approach to forecasting on the grounds that it
fails to recognize the influence of price-on demand (Milliman,
1963). They charge that this failure may have led to the
over-expansion of water systems and serious social costs
resulting from foregone opportunitié; for the resources
devoted to their development (Hanké & Davis, 1974). Several
attempts have been made to overcome these deficiencies, such
as those by Boland and Mallory (1973) who apply a computerized
model to estimate the components of municipal water demand.
It estimates demand on the basis.of forecésted values of a
number of water use parameters. These are derived from
projections based on historical data, corrélations, and
independent forecasts. Price is included as a variable in
the forecasts of residential water use 6nly. Other stﬁdies
tqking price intb account includé Dafr,‘Feldman and Kamen
(1976) , Berry and Bonem (1974), ana Katzman (1977)..

Thus far the major emphasis'in demand forecasting has
been on individual sectors, such as residential, industriél,
or irrigation demand. Work by Grima (1972) on residential
demand, Mercer and Morgan (1972) and Rees (1969) on commer-
cial and industrial water use, and Ruttan (1965) on agricul-
tural water uses 1is illustrative. Recently, however, there
has been a trend towards the development of multi-sectoral
analyses. Some of these studies héve-used highly sophisti-

cated techniques of linear programming and input-output
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analysts. An interesting example is thé study by Haines
and Nainis (1974).

Another trend is the shift in sophistication of analysis
in regional and national forecasts. Most of the initial work
was devoted fo the improvement of models for forecasting of
demands at the local level. The research of Headley (1963),
Gottlieb (1963), ana Wong (1972) is typical.l,Researchérs
commonly attempted to extrapolate co-efficients derived at
the local level to the regional and national levels. Such a
practice, of course, is highly suspect_and nay lead'to erroneous
conclusions and predictions. Conditions (climatié, social
and economic) vary conéiderably'from one area to another.
Conflicts in water use also vary, thus giving rise to differ-
ences in shadow prices. .Attempté to overcome the lack of
sophistication in regional and national forecasts include
the work of Heady (1974) who utilized a programming model to
estimate the extent to which land could be substituted for
water and vice versa, in developing estimates of water
required for irrigation in the nation as a whole. Other
attempts at deﬁeloping more sophisticated regional and
national forecasting methods include Haines and Nainis

(1974) and Gray and McKean (1976).

Refining Techniques
There has also been progress in the refinement of tech-

niques of analysis. The most popular technique is that of



Séwell/Mcclellan 6

multiple regression. Linaweaver and his colleagues at Johns
Hopkins University appear'to have been one of the earliest
users of the technique in the water demand forecasting field.
Théir study of residential water demandé in Baltimore, Mary-
land remains a classic (Linaweavér, 1967). The approach has
been:widely adopted in studies élsewhefe, particularly with
respect to the forecasting of residential water demands.
Illustrations include the work of Grima (1972), Katzman
(1977), and Wong (1972).

There have been attempts'to'refine the technique, par-
ticularly through the use of féctor analysis, the latter
making it possible to take accoﬁnt of a much larger number
of variables. Particular use of the combined.teéhhiques
has occurred in forecasting_the‘demanas for water—based
recreation. The research of Gum and Martin'(1977) and
Sewell and Rostron (1970) iS'vexemplary.' Despite its
apparent usefulness, the multiple regression factor analysis
approach appears to have had limited applicétion to other
water demand sectors.

The most significant developments in technique refine-
ment appear to have taken place iﬁ connection with linear
programﬁing. The specificétion of an objective function,
subjec£ to various constraints (such asvpricé, technology,
costs, étc;) seems gspeciallyvappropriaté in forecasting
demands in conneCtidn with theiindustrial and-agriéultural

sectors.. Thompson and Young (1973) have described some of
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the developments in‘the use of the technique in this regard.
Some researqhers,such as Haines and Nainis (1974) and Gray
and McKean (1976) have coupled. linear programming and the
use of input-output models. Most importantly, a number of
researchers have extended thie'application of the technique
by allying it with computer models. The work of Haines and

Nainis (1974), again, is illustrative.

Developments in Various Sectors

Among the various sectors of water use, residential, or
more commonly, municipal, aéplications have received by far
the largest attentién in the development of forecasting
methodologies. \Mﬁnicipal studies are typified by those
undertaken by Berry and Bonem (1974) while residential inves-
tigations are illustrated by those Qf"wae and Linaweaver
(1967) and Grima (1972). The basic thrust of these studies
has been to identify the various faétors which influence
municipal water demands. Per capita income, price, and
climatological variables have been given particular attention.

While most of the initial work in this field was under-
taken in North America, there has been growing interest in
it elsewhere, notably in Europe and in a number of Third
World countries. The work of Herrington (1973) in the U.K.
and case studies cited in the U.N. report (United Nations,
1976) offer exampies of the research being done in Europe.

Darr, Feldman and Kamen (1976) have done innovative work in
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this regard in Israel. Studies by Katzman (1977) in Malaysia,
and Reid and Muiga (1976) of water demandg in a number of
developing countries indicate the mounting intérest in water
demand forecasting elsewhere.

There has also been important work in industrial Wate:
demand forecaéting. Studies by Thompson and Young (1973),
using linear prbgramming models to derive estimates of demands
for water for electrical generation, and by de Rooy (1974),
employing multiple regression technigues to derive-functions
for various water uses.(notably, cooling, electrical genera-
tion and processing). The energy crisis, and the fevived
interest in coal production and hydro-electric power develop-
ment have sparkgd further interest in the development of
techniques.for industrial water demand forecasting (e.g.,
Englebert,.1973).

In most regions Commercial_watef-use is of.rélativély>
minor importance, and this probably_accounts fo# the fact
that it has engendered'little interest among researchers.
There have been only a few studies in North Ameriéa since the
pioneering work at Johns Hopkins University. The research
of Mercer and Mbrgan (1974) which tried to take specific
account of commercial water use in developing estimateé for
local areas, and of McCuen, Sutherland and Kim (1975) who
used multiple regression techniqués to develop predictive
equations from a study of four shopping centres offers an

interesting exception to this generalization.
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There has been a good deal of usefﬁl work in the
development of techniques to estimate water demands in
agriculture. While mueh of the early research was based on
physical requirements for given levels of production, more
recent studies have taken specific account of price, irri-
gation efficiency,.and shifts in technology. Heavy reliance
has been placed on linear programminé medeis. Examples
include Young (1970) and-CraddOck (1974).

The past.decade-has witnessed a growing interest in
water-based recreation;’a'uSe where estimates of future
demands are difficult to make.becaﬁse there is no simple
way to determine the valges derived. ,This is because, in_
contrast with mos£ other water uses, typically a price is
not charged for the.service; AProgress has been made, however,
in developing~surregate meaéﬁres of Values. Much of this
work has been based.on the_methode developed by-Claweon
(1963) and Knetsch (1966), using exéendirures on travel as
a measure of Qalues derived. This has-been.supplemented by
research which has tried to identify motivations for partici-
pation (Sewell & Rostron, 1970) or the role of such variables

as social status (Wesfy 1977).
Cenadian Contributions

In sponsoring the seminar on Methodologies for Forecast-
ing Water Demands in 1967, the Department of Lnergy, Mines

and Resources hoped not only to provide a state of the art
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review‘of available methodologies, :and the types of tech¥r
niques then in use by government agencies in Canada, but
also to stimulate an interest in the development and use of
more sophisticated approaches. It was clear that there was
a major gap between theory and practice, and that most
methods then in use were relatively crude. For the most
part, forecasting was little more than straight line extrapo-
lation of past experience. Imprdvement of the situation
hinged upon an éxpénsion of the résearch effort to provide
more sophisticatéd methods, a major expansion in theléollécf
tion of data oﬁ'water demand, and & shift in the attitude of
water planngré'to'give greater'attentidn to this dimension
of the planning task. The ensuring ten years have witneséed
some important progress in each of these connéctions.j:

On the research side, the fedéral.government.offered
much larger funds than had previously been availablé-fof
economic and social studies in water research (Sewell, Judy
& Ouellet, 1969) and this encouraged the development of_
expertise in water forecasting methodologies at several
universities across the country. At:the same time, the
federal government, particularly throﬁgh the Socio-Economic
Studies.Section of the Inland Waters Directorate, began to
devote more attention to this fiela. Several important
developments followed, notably reports describing improved
methodologies (Lee,'1972; Tate &”Rdbicﬁaud, 1973; Kitchen,

1975); attempts to expand the data base relating to water
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use, and the specific inclusion of water demand forecasts

in the major river basin planning efforts ¢to-sponsored by

the federal governmeﬁt and the.various'probincial governments.
The studies undértaken in connection with the Okanagan Basiﬁ
(Caﬁada—B.C. Okanagan. River Basin Consultative Board, 1974)

provide a useful illustration.

Approaches

In common with the progress in the United States, there
has been a growing tendehcy to move beyond the strict "require-
ments" approach to forecasts based on considerations of price,
technology, and economic structure. As in the United States,
most of this effort has been devoted tovthe local levei,
rather than the regional, state (provincial),'or natidnai

levels.

Techniques

There has been a modest but useful effort towards the
development and refinemeht of techniques of water demand
forecasting in Canada in the past decade. Perhaps the most
significant contribution is thét of Tate and Robichaud (1973)
‘who devised a water demand simulation modei focﬁssing upon
the industrial sector, but which could be readily adapted
for forecasting of other sectors as well. This model includes
several critical variables such as economic activity, tech-
nology and extent of recirculation, and takes account of

negative water demands and positive water demands. While
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imaginative 'in concept, it suffered in application from

limitations of data availability.

Developments in Sectoral Estimating

There have also been some useful Canadian contributions
to the development of techniques for estimating demands in
the various sectors. This has been'especially so in the
residential and municipal sector. The work of Grima (1972)
is notable in this regard. ‘He has undertaken studies in
southern Ontario, focussed-on the identification of residen-
tial water use and the level of the related investment in
water supply. Using a multiple regréssion technique, he
found that the price elasticity for winter use was -0.75,
while that for the summer was -1.07. The results of the
study also suggested that metering per se has little impact
on the level of residential water use. To be effective, it
must be accompanied by significantly large increases in
price.

There have also been a number of micro studies, aimed
at establishing income and price elasticities. An investi-
gation by Sewell aﬁd Roueche (1974) analyzed water demand
(annual, peak, off—éeak and mid-peak) in terms of independent
variables (price, income, averagé summer temperature and
average summer precipitation). The results indicated an
annual demand.function pricé elasticity of -0.395, and an

off-peak price elésticity of -0.579, an elasticity higher
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than that for the.peak (-0.116). The latter result was
especially interesting as it is opposite to what other
studies have suggested.' The relative.insénsitivity of summer
water consumption to price changes in Victoria may be the
consequence of a "green lawn syndfome" which characterizes
that city. The residents of the.area place a very high value
on having green lawns and beautiful flowers, and are prepared.
to pay high prices to overcome the.aridity which often char-
acterizes the summer months.

A more recént study by Mitchell and Leighton (1977)
"used a multivariate approach to forecast water demands in
Barrie, Ontario. They checked the results with data derived
from records of water consumption,in*two metered sub-divisions
in the area. They also prepared a trend forecast and then
compared the findings of the two techniques. They led to
broadly similar results but the multivariate technique proved
to be somewhat more precise.

There have also been some useful developments in connec-
tion with the estimation of water-based recreation demands.
Much of this work has been focussed upon the improvement of
surrogate measures of values derived by recreationists from
various activities. This research has been feviewed in some
detail elsewhere (Pearse, 1968a; Pearse & Bowden, 1969).
There have been a number of attempts to estimate values from
the expenditures by recreationists in getﬁing to a recreation

site, and in pursuing various activities while they are there.
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The work of Pearse (1968b), Cheung (1972), Knetsch and Cheung
(1976), and Laub (1974) provides some interesting.illustra-
tions.

While travel-costs or other expenditures do furnish a
useful measure of recreational values in some fofms of
recreation, this may not be so for all types. From the
results of an investigation of salt water sports fishermen
in British Columbia, at least; it seems that thefe‘ié reason
to doubt such a direct connection. Using multiple regression
and factor analysis techniques, Sewell and Rostron (1970)
showed that numerous factors condition the decision whether
to go fishing, and that cost is not always one of the.most‘
important. The study also indicated that the connection
between the mbtivation to go fishing and the values derived
is a tenuous one. The prospect of catching a fish may be
required to encourage the fisherman to go fishiné bu£ once at
the fishing site, other factors appear to take on equal or
even greater importance.

While only a few of these studies of outdoof recreation
haQe focussed on water-based pursuits, and although they are
not concerned with forecasting of demands per se, their
findings are of considerable value iﬁ'the development of
methods for the latter.

Even though irrigation.- is an importaht coﬁponent of
Canadian agriculture, there has been Surprisingly litfle

effort devoted towards the developmént of sophisticated
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techniques for estimating demands in that sector. A useful
assessment of the state of the art a decade ago was prepared
by Capel (1968). Since then, .there have been one or two
attempts to refine methodologies. Amongst the more notable
are the studies of Craddock and his colleagues at the
University of Manitoba (Craddock, 1974) in developing and
refining linear programming techniques. According to Tate
(1977), however, it seems that lack of appropriate data
severely limits the broad application of such methods on the
Canadian scene.

As is the case wifh agriculture, there has been only
modest progress in improving methods for forecasting indus-
trial water demands in Canada. Only a few studies have been
undertaken, most notablv those of Tate and Robichaud carried
out under the auspices of the Inland Waters Directorate of
Environment Canada. In one study, noted earlier in £his
paper, they developed a simulation model, using general
co-efficients, and taking into account shifts in economic
;activity levels, technology, water re-circulation, and the
application of effluent discharge standards. The model was
simple but flekiblé, allowing for modifications as the data

base in Canada is improved.
Priorities for Future Action

It is evident that there has been some important progress

in refining water demand forecasting methodologies in several
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parts of the past decade. It is also clear that there

remain some important gaps in understanding and in the facil-
ity for operationalizing some of the téchniques that have
been developed so far.

There are a number of initiatives now underway in Canada
for overcoming these deficiencies. Attempts are being made
to refine methods for forecasting demands in certain sectors
of particular importance to the Canadian économy, notably
industry, agricultﬁre, effluent discharge, and outdoor recre-
ation. The research effort, however, is small in comparison
to the need. Lack of appropriate data has hémpered the
application of several techniques, notably in the fields Sf
industrial and agricultural water demands. The federal
government, particularly through‘StatisticsACanada, and
Environment Canada, is making efforts to eﬁpand the data
base (Tate, 1977). Finally, there is a growing interest in
the development of regional models for forecasting. Studies
undertaken in connection with federal-provincial river basin
planning agreements offer illustrations of the kinds of
investigation being carried out.

In short, there has been significant progress in develop-
ing water demand forecasting techniques in Canada in the past
decade. But there is still a long way to go before accurate
estimates can be expected in many of the sectors or for most

of Canada's regions.



Sewell/McClellan 17

References

Berry, D. W. & Bonem, G. W. "Predicting the Municipal Demand
for Water," Water Resources Research, vol. 10, no. 6
(1974), 1239-1242. ' o

Boland, J. J. & Mallory, C. W. "Comments on Residential
Water Demand Forecasting,” Water Resources Research,
vol. 9, no. 3 (1973), 768-770.

Canada-B.C Okanagan River Basin Consultative Board.
Technical Supplements X and VII. Penticton, B.C., 1974.

Capel, R. E. "Agricultural Irrigation Water Demands," in
W.R.D. Sewell & Blair T. Bower, Forecasting the Demands
for Water, Dept. of Energy, Mines and Resources.
Ottawa: Queen's Printer, 1968, pp. 134-148.

Cheung, H. K. "A Day-Use Park Visitation Model." Journal
of Leisure Research, vql. 4, no. 2 (1972), 139-156.

Clawson, M. Land and Water for Recreation. Chicago: Rand
McNally & Co., 1963.

Craddock, W. J. "Irrigation Demand," in The Allocative
Conflicts in Water Resource Management. Agassiz Centre
for Wwater Studies, University of Manitoba, Winnipeg,
1974.

Darr, P., Feldman, S. L. & Kamen, C. The Demand for Urban
Water. Studies in Applied Regional Science, vol. 6,
Martinus Nijhoff Social Sciences Division, Leiden, 1976.

de Rooy, J. "Price ResponsiVeness of the Industrial Demand
for Water." Water Resources Research, vol. 10, no. 3
(1974), 403-406.

Englebert, E. A. "The Role of Water in the Energy Crisis."
Proceedings of a Conference at Lincoln, Nebraska,
October 23-24, 1973. "Water Resources Research Institute
Publication, 1973.

Gottlieb, M. "Urban Domestic Demand for Water: A Kansas
Case Study." Land Economics, -vol. 39, no. 2 (1963),
204-210.

Gum, R. L. & Martin, W. E. "Structure of Demand for Outdoor
Recreation." Land Economics, vol. 53, no. 1 (1977),
43-55, :



Sewell/McClellan , 18

Gray, S. L. & McKean, J. R. "The Development of Water
Multiplier Impacts from Input-Output Analysis: An
Empirical Example from Boulder, Larimer, and Wald .
Counties, Colorado." Water Résources Research, vol. 12,
no. 2 (1976).

Grima, A. D. Residential Water Demand: Alternative Choices
for Management. Dept. of Geography, University of
Toronto. Toronto: University of Toronto Press, 1972.

Haines, Y. Y. & Nainis, W. S. "Coordination of Regional
Water Resource Supply and Demand Planning Models."
Water Resources Research, vol. 10, no. 6 (1974), 1051-
1059. : :

Hanke, Steven H. & Davis, Robert K. "New Strategies for .
Water Resource Planning and Management," in F. M. Lever-
sedge (ed.), Priorities in Water Management. Western
Geographical Series. Victoria, B.C.: University of
Victoria, 1974, pp. 117-140. ‘

Headley, J. C. "The Relation of Family Income and Use of
Water for Residential and Commercial Purposes in the
San Francisco-Oakland Metropolitan Area." Land Economics,
vol. 39, no. 4 (1963), 441-449. -

Heady, E. O., et al. "National and Interregional Models of
Water Demand, Land Use, and Agricultural Policies."”
Water Resources Research, vol. 9, no. 4 (1974), 777-791.

Herrington, B. R. FWater Demand Study: Final Report. Report
prepared for Water Resources Board. University of
Leicester, Dept. of Economics, July 1973.

Howe, C. W. & Linaweaver, F. P., Jr. "The Impact of Price on
Residential Water Demand and its Realtion to System
Design and Price Structure." Water Resources Research,

vol. 3, no. 1 (1967), 13-32.

Katzman, M. T. "Income and Price Elasticities of Demand for
Water in Developing Countries." Water Resources Bulletin,
vol. 13, no. 1 (1977), 47-56.

Kitchen, H. M. A Statistical Estimation of a Demand Function
for Residential Water. Social Science Series No. 11,
Inland Waters Directorate. Ottawa: Information Canada,
1975. ' o

Knetsch, J. L. Economics of Outdoor Recreation. Baltimore,
Md.: Johns Hopkins Press, 1966.



Sewell/McClellan 19

Knetsch, J. L. & Cheung, H. K. "Economic Value of Recreation
Areas: The Case of Saskatchewan Parks." Canadian Journal
of Agricultural Economics, vol. 24, no. 1 (1976), 67-71.

Laub, M. E. "Economic Evaluation of Outdoor Recreation," in
Agassiz Centre for Water Studies, The Allocative Con-
fliets in Water Use Management, University of Manitoba,
1974, pp. 207-226. .

Lee, T. R. Approaches to Water Requirement Forecasting: A
Canadian Perspective. Social Science Series No. 9.
Canada Centre for Inland Waters, Burlington, Ontario,
1972. '

Linaweaver, F. P., Jr., Geyer, J. C. & Wolf, J. B. 4 Study
of Residential Water Use. Washington, D.C.: Government
Printing Office, 1967.

McCuen, R. H., Sutherland, R. C. & Kim, J. R. "Forecasting
Urban Water Use: Commercial Establishments,"™ Journal
of American Waterworks Assoctiation (AWWA), vol. 65,
no. 5 (1975), 239-244.

Mercer, L. J. & Morgan, W. D. "Estimation of Commercial,
Industrial and Governmental Water Use for Local Areas."
Water Resources Bulletin, vol. 10, no. 4 (1974), 794-801.

Milliman, J. W. "Policy Horizons for Future Urban Water
Supply." Land Economics, vol. 39, no. 2 (1963), 109-132.

Mitchell, B. & Leighton,'P. H. "A Comparison of Multivariate
and Trend Forecasting Estimates with Actual Water Use."
Water Resources Bulletin, vol. 13, no. 4 (1977), 817-824.

Pearse, P. H. "Water-Based Recreation Demands," in W.R.D.
Sewell & Blair T. Bower, Forecasting the Demands for
Water, Dept. of Energy, Mines and Resources. Ottawa:
Queen's Printer, 1968a, pp. 161-188.

Pearse, P. H. "A New Approach to the Evaluation of Non-
Priced Recreational Resources." Land Economies, vol. 44,
no. 1 (1968b), 87-99. '

Pearse, P. H. & Bowden, G. K. "Economic Evaluation of
Recreational Resources: Problems and Prospects."
Transactions of the Thirty-Fourth North American Wild-
life and Natural Resources Conference, Washington, D.C.,
March 1969.

Rees, Judith. Industrial Demand for Water: A Study of
Southeast England. London: Weidenfeld & Nicolson, 1969.



Sewell/McClellan 20

Reid, G. W. & Muiga, M. I. "“Aggregate Modelling of Water
Demands for Developing Countries Utilizing Socio-
Economic Growth Patterns," in River Basin Development:
Policies and Planning, vol. 1 of Proceedings of the
U.N. Interregional Seminar on Riveér BAsin and Interbasin
Development, New York-Budapest, 1976.

' Ruttan, V. W. The Economic Demand for Irrigated Acreage.
Baltimore, Md.: Johns Hopkins Press, 1965.°

Sewell, W.R. Derrick & Bower, B. T., et al. Forecasting the
Demands for Water. Policy and Planning Branch, Dept. of
Energy, Mines and Resources. Ottawa: Queen's Printer, -
1968. '

Sewell, W.R.D., Judy, R. W. & Ouellétt,'L. Water Management
Research: Social Science Priorities. Ottawa: Queen's
Printer, 1969.

Sewell, W.R.D. & Rostron, J. Recreational Fishing Evaluation.
Dept. of Fisheries and Forestry. Ottawa: Queen's Printer,
1970.

Sewell, W.R.D. & Roueche, L. "The Potential Impact of Peak
Load Pricing on Urban Water Demands: Victoria, B.C., a
Case Study," in F. M. Leverseddge (ed.); Priorities in
Water Management. Western Geographical Series, vol. 8.
Victoria, B.C.: University of Victoria, 1974, pp. 141-161.

Sewell, W.R. Derrick. "The Changing Context of Water Resources
Planning: The Next 25 Years." WNatural Resources Journal,
vol. 16, no. 4 (1976), 791-806. ' '

Tate, Donald M. Water Use and Demand Forecasting in Canada:
A Review. Prepared for IIASA, Inland Waters Directorate,
Water Planning and Management Branch, Ottawa, September
1977 (unpublished). -

Tate, D. M. &’Robichaud, R. Industrial Water Demand Forecast-
ing, Social Science Series No. 10, Inland Water Director-
ate. Ottawa: Information Canada, 1973.

Thompson, R. G. & Young, H. P. "“Forecasting Water Use for
Policy Making: A Review." FWater Resources Research,
vol. 9, no. 4 (1973), 792-799.

United Nations, Dept. of Economic and Social Affairs. The
Demand for Water: Procedures and Methodologies for
Projecting Water Demands in the Context of Regional and
National Planning. Natural Resources, Water Series
no. 3, New York, 1976.



Sewell/McClellan 21

United States National Water Commission. Water Policies for
the Future. Washington, D.C.: Government Printing
Office, 1973.

~Water Resources Board. Water Resources in England and Waleu.
London: Her Ma]esty s Stationery Office, 1974.

West, P. C. A Status Group Dynamic Approach to Predicting
Participation Rates in Regional Recreation Demand
Studies." [Land Economies, vol. 53, no. 2 (1977), 196-211.

White, Gilbert F. "World Trends and Need." WNatural Resources
Journal, vol. 16, no. 4 (1976), 737-741.

Wollman, N. & Bonem, G. W. The Outlook for Water Quality,
Quantity and National Growth. Washington, D.C.: Resources
for the Future, 1971.

Wong, S. T. "A Model on Municipal Water Demands: A Case
Study of Northeastern Illinois," Land Economics, vol. 48
(1972), 34-44.

Young, R. A. "Public Policy, Technology, and Agricultural
Water Use," in C. W. Howe, C. S. Russell & R. A. Young,
Future Water Demands: The Impacts of Technological '
Change, Public Policies, and Changing Market Conditions
on Water Use Patterns of Selected Sectors of *he U.S.
Economy. "Resources for the Future, 1970.




