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La croissance de la population et des revenus de méme que le réchauffement de la planéte contribuent a la
préoccupation grandissante au sujet de la disponibilité des réserves d’eau potable au Canada. Alors que
certaines provinces ont déja introduit des frais pour les permis nécessaires au retrait direct de I'eau, d'autres
distribuent ces permis gratuitement. L'article évalue les effets probables de I'introduction d’un prix pour les
permis d’eau basé sur la quantité d’eau utilisée et les colts de production des principaux secteurs consom-
mateurs d’eau en Ontario. Ces effets sont mesurés a I'aide d’une analyse numérique basée sur des modéles
économétriques de ['utilisation de I'eau. L'analyse indique qu'en imposant des frais pour les permis de
retrait de I'eau le gouvernement peut encourager la conservation de I'eau et générer de nouveaux revenus
tout en augmentant trés peu les codts de l'industrie.

Population and income growth and global warming have contributed to a growing concern regarding the
availability of potable water supplies in Canada. While a number of provinces have already introduced fees
for the permits required for direct water withdrawals, others give these permitsgaatésy The paper
assesses the likely impacts of introducing a charge for water permits upon the water use and production
costs of the major water-using sectors in Ontario. These impacts are quantified by using a numerical analy-
sis based upon econometric models of water use. The analysis indicates that by charging for water with-
drawal permits the government can encourage water conservation and bring in new revenues, while doing
relatively little to raise the industry’s costs.

INTRODUCTION require that a fee be paid for this licence or permit.
Despite the fact that a number of provinces levy
he regulation of fresh water use is primarily a charges for the permits needed to withdraw water,
provincial responsibility under the Canadian there has been no systematic analysis of the various
constitution (Percy 1988). Almost all provinces re- impacts of these charges upon water-users. As a re-
quire major water-users such as thermal electric gensult, it is not known whether these charges encourage
erating facilities, municipal water utilities, mines, water conservation and/or raise water-users’ costs.
and manufacturing plants to obtain a licence or per-
mit before they may withdraw water from the natu- In order to consider these issues, this paper
ral environment. In addition, a number of provinces examines the potential impacts of a two-part charge
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for water permits in Ontario. Under current regula- The third section examines the potential impacts of
tions, these permits are available free of charge tantroducing a charge for water permits, while the
individuals and corporations that directly withdraw fourth section describes the numerical simulations
water from streams, rivers, lakes and groundwatetthat are used to assess the impacts of such a charge.
sources (Ontario: Ministry of Environment 1990). The fifth section presents the principal findings of
In our study, the first part of the two-part charge isthe simulations, and the final section provides con-
an annual permit fee, while the second part is a volu¢lusions. The Appendix contains a detailed descrip-
metric charge based on the quantity of water with-tion of the simulation methodology.
drawn. The merits of introducing a charge for a water
permit (which we will subsequently call a Provin-
cial Water Use Charge, or PWC) are its potential toBACKGROUND
improve the efficiency of water allocation, to im-
prove water quality, to increase government rev-The province of Ontario is blessed with an apparent
enues, and to improve the government’s knowledgeabundance of freshwater. Indeed, there was a time
base regarding water use. The major possible drawwhen these supplies were thought to be without
back of the charge is its potential to raise water-limit. That perception, and the policies and regula-
users’ costs. tions that followed from it, influenced the types of
technologies that were adopted in industrial facili-
In order to assess the impact of a PWC upon wateties, the ways in which cities were developed and
use, firms’ costs of operation, and government rev-the means by which human waste, industrial by-
enues a numerical simulation analysis is conductegroducts and other residuals from modern society
with data collected from the province of Ontario in were disposed. The assumption of limitless fresh-
19911 Results demonstrate that the introduction ofwater supplies is no longer valid. The combination
the PWC for the right to withdraw water will en- of population growth, rising incomes, urban devel-
courage water conservation and bring in new rev-opment, global warming, and environmental pollu-
enues to the government while having relatively tion implies that the gap between reliable supplies
small impacts on water-users’ production costs. Inof potable water and demands for freshwater is
our sensitivity analysis we use a range of values forshrinking. On the supply side, the potential impact
a PWC. For example, the volumetric charge range®f global climate change on the Great Lakes basin
from $0.000 to $0.005/fon water intake, while is particularly worrisome. According to a recent re-
the annual fee for each water user ranges from $0 tport (Farid, Jackson and Clark 1997) which sum-
$2,500. As a result of these charges, the predictedharizes the available studies on this topic:
decreases in non-hydroelectric water intake range
between 1.21 percent and 8.27 perdebepending Great Lakes' water levels will decrease due to
upon the particular combination of charges used, the increased evapotranspiration because of higher
introduction of a PWC would also lead to one-time  temperatures and decreased runoff. Runoff to the
increases in water-users’ costs ranging between 0.01 Great Lakes will decrease by 23 to 51 percent.
percent and 0.22 percent and a net increase in gov- Overall the Great Lakes will drop by a half me-
ernment revenues of between $15.6 and $126.2 tre to one metre (ibid., p. 74).
million.3
Furthermore, a recent Environment Canada report
The next section provides information on current concludes that, “the average level of the Great Lakes
and forecasted water use in Ontario and the regulaeould decline to record lows by the latter part of the
tory framework governing water use in that province. 215 century” (Canada. Environment Canada 1997).
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On the demand side, there is evidence of rapidlythe area surrounding Metropolitan Toronto where
growing withdrawals in the Great Lakes basin. Theurban growth has come into conflict with rural and
Great Lakes Commission estimated that water with-agricultural demands for water supplies. Indeed, it
drawals in the Great Lakes basin were 30,798 mil-was observed 25 years ago that, “in the more devel-
lion cubic metres in 1992 (Vandierendonck 1995, oped parts of the province, water supplies are neither
Table 23).4 This level of water use represents an costless to acquire, nor can they be had without ef-
increase of 50 percent over the level of withdrawalsfect on other uses” (Campbat al. 1974, p. 500).
recorded in 1981 (Pearse Bertrand and MacLarenThus, there is an opportunity cost to water use in
1985, Table 4.6).These figures regarding rates of much of southern Ontario.
change of water use do not indicate how the level of
demand for freshwater compares to the reliable sup- Second, it must be recognized that the decisions
ply in the Great Lakes basin. The Royal Commis-being made today regarding the design of, and
sion on Federal Water Policy estimated that reliableamount of water, to be used in manufacturing fa-
annual flows of surface water into the Great Lakescilities, electrical power plants, and municipal water-
were 75,780 million rflyear. If it is assumed that, supply systems will determine water use for decades
first, Farid, Jackson and Clark’s (1997) forecast re-to come® These investment decisions may not con-
garding the decrease in reliable inflows is accuratesider the possibility of growing future water scar-
and second, that growth rates in water withdrawalscity because there are currently few, if any, signals
continue at the pace set during the 1980s, then waef impending scarcity. The problem for policy-
ter withdrawals in the Great Lakes basin will equal makers, then, is to weigh the net benefits of a PWC
reliable inflows early in the next century. As one introduced today against the net benefits of retrofit-
reviewer notes, the bulk of these withdrawals remainting and redesigning water-using capital stocks some
in the Great Lakes basin, and once the water is retime in the near future. Finally, if it is believed that
turned to the environment, it becomes available forthe opportunity costs of water use differ by region,
subsequent use. At each round of use, however, ithe PWC can be designed to reflect differing regional
can be expected that some proportion of water issupply-demand balances. For example, one simula-
lost to the Great Lakes basin — what is referred totion done in this paper examines the impact of a
as “water consumption” — due to evaporation or PWC that is designed to have a positive volumetric
incorporation into final products. This possibility charge only in the southern Great Lakes basin (where
means that there is a pressing need to examine thwater conflicts are more common) and a volumetric
regulations and practices governing water withdraw-charge of zero for the rest of the province.
als in order to determine whether they promote sus-
tainable and efficient water use. Regulatory Framework in Ontario

Any major direct withdrawal of surface water or

It might be argued that Ontario still possessesgroundwater in Ontario may be made only after the
abundant supplies of freshwater and a province-wideprovincial government has granted a permit to al-
charge for water permits would induce firms to sub-low that withdrawal. Direct water withdrawals oc-
stitute costly labour and capital in order to conservecur for a number of reasons. For example, firms and
on a resource whose opportunity cost is effectivelyfarms withdraw water in order to apply it in some
zero. This position can be addressed in several waygroduction process; water utilities withdraw water
First, there are already numerous instances of confor the purpose of delivering it to households, insti-
flicts over water resources in the southern parts oftutions, and firms connected to the system; and
the Great Lakes basin. Most frequently, these havéntario Hydro facilities (thermal and hydroelectric)
occurred in areas such as the Grand River basin owithdraw water in order to produce electricity. It
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should be noted that many firms, mining operations,for the use of the water resource itself. Water per-
and farms rely on both self-supplied water and pub-mits may not be traded after they have been issued.
licly supplied water. Table 1 provides the most re- While permits provide water users the opportunity
cent data available on water withdrawals and theto withdraw a specified quantity of water, conflicts
expenditures related to these water withdrawals inbetween permit-holders can occur during periods of
Ontario. reduced lake levels or stream flows or falling
groundwater levels when not all permitted withdraw-
The water permit system was established in On-als can be met. Th@®ntario Water Resources Act
tario in the early 1960s to replace the riparian doc-provides significant discretionary power to the ad-
trine’ that governed water use up until that time. ministrators of the permit system in determining
The purpose of the original legislation was “to pro- whether a shortage of water exists and how water
mote efficient development and beneficial use ofwithdrawals are to be reduced in the event of a
surface and groundwaterOgtario Water Resources shortage.
Act, R.S.0. 1990, section 1). Permits are issued on
a first-come, first-serve basis at the discretion of the The permit system to allocate water resources in
government with little analysis of the relative ben- Ontario may be criticized on several grounds. First,
efits associated with the proposed use (Percy 1988because no fee is charged for a water permit, the
No fee is levied for the application for a permit nor system of regulating water use fails to extract any
of the economic rents that are associated with using
water® This situation stands in contrast to estab-
lished policies concerning other natural resources
such as timber, fish or aggregates where users must
pay a fee to acquire the right to harvest or use the
resource. Second, the permit system provides only

TasLe 1
Ontario Water Withdrawals and Expenditures, 1991

Water limited and poorly defined property rights to permit-

Sector Withdrawals ~ Expenditures ~ holders. An important shortcoming in this regard

concerns the lack of security of withdrawals during
Manufacturing 9,592 203,546 times of conflicts, especially during drought periods.
Ontario Hydro (Thermal) 63,154 9,620
Agriculture (Crop) 293 36,315 . I . .
Agriculture (Livestock) 168 6.150 Finally, the §>.<|st|ng pernm system does little to
Mining 233 41137 ensure the efficient allocation of water resources.
Municipal Water Utilities 4,543 407,542 In the first place, water rights are not allocated ac-
TOTALS 77.983 704,312 cording to the relative net benef|t§ of proposed wa-

ter use nor are they allocated with a clear under-
Notes: standing of the opportunity cost of the proposed

. . water use. Moreover, if there are changes in the rela-
1. Water withdrawals are measured in thousands of . | f al . I . f
cubic metres per day. tlv_e values of alternative a ocgtlo_ns of water, pgr-
2. Expenditures represent expenditures on water intake mits cannot be traded after being issued. According

and treatment prior to use and are measured in to the Ontario government’s own guidelines, the goal
thousands of 1991 dollars (Renzetti and Dupont of its water quantity management program is not to
1997). obtain an efficient allocation of water resources.

3. The totals do not include water withdrawals by the s . .
hydroelectric division of Ontario Hydro (see Rather, the goal is “to ensure the fair sharing of the

endnote 2). available supply of water to protect both withdrawal
Source: Data are from Tate and Scharf (1995). and in-place uses of water” (Ontario Ministry of
Environment and Energy 1994).
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ASSESSMENTOF THE ProVINCIAL WATER UsE technology. In this way, the impact of the inefficient
CHARGE price of the resource becomes embedded in the stock
of industrial capital and in the design of municipal
As indicated in the introduction, a number of prov- water utility systems (Tate, Renzetti and Shaw 1992;
inces (including British Columbia, Manitoba, Sas- Renzetti 1999).
katchewan, and Nova Scotia) currently have in place
a charge or set of charges on direct water withdraw- A second impact of the PWC has to do with dis-
als? Furthermore, the governments of Saskatch-tributional issues. By allowing industry, public utili-
ewan, Ontario, and Newfoundland have shown aties, and farming operations free access to water
renewed interest in the value and allocation of wa-resources, a provincial government is undertaking
ter resources (Saskatchewan Water Corporatioran implicit and poorly understood redistribution of
1998; Watershed Planning Implementation Projectwealth. This is because, by failing to capture some
Management Committee 1997; ADI Nolan Davis of the economic value created by the application of
1996). Unfortunately, there is relatively little analy- water in production processes, a governnaenfiacto
sis of province-wide water-use charges to be foundallows that value to be directed toward those indi-
in the literaturel® The paper by Tate and Rivers viduals and groups which have gained access to the
(1990) is an exception. In that paper, the authorsuse of freshwater resourcEsThis is reinforced by
consider the impact of introducing a province-wide the fact that some water-users return water to the
charge on self-supplied water intake. Their analy-basin in a degraded state, thereby imposing costs
sis, however, does not consider the impacts on elecapon other users.
tricity prices or on water users’ costs.
It seems reasonable to argue that, as the owner
The introduction of a province-wide water-use of a scarce and productive natural resource, the
charge is anticipated to have a variety of impacts.Crown is entitled to share in the economic value
The first is to effect the efficient allocation of wa- created by the application of water in industrial pro-
ter, since prices play the important role of inform- cesses. fiis has certainly been the position taken by
ing users of the opportunity costs associated withprovincial governments with respect to the use of other
using any productive resource. If users of a resourceaatural resources, e.g., forests. As indicated above, a
such as water do not know the opportunity costs ofnumber of other provincial governments already levy
their decisions, then it is not possible to concludesome type of charge for direct water withdrawals.
in general that the benefits of their water use ex-
ceed the costs. Thus, to the extent that a PWC can By the same token, it would seem fair to expect
be designed to reflect these costs, then users of wassers to pay a reasonable fee in order to secure the
ter will possess more information regarding the con-use of a natural resource that contributes to their
sequences of their actions and will be capable ofprofitability. This point is reinforced by the obser-
making efficient decisions. vation that the provincial government provides in-
frastructure (such as dams and flood protection) and
The price of any resource is an influential factor services (such as water quality and hydrologic in-
in the decision to use other inputs as well. Thus, thormation) that increase the value of water to users.
fact that water permits are underpriced (or not priced
at all) can be expected to distort not only decisions A third potential effect of the PWC is its impact
with respect to water use but also decisions regardupon water quality. By reducing water use, a charge
ing other inputs as well. For example, this type of for water permits may also have a beneficial impact
distortion can extend to decisions related to the deon water quality. In many industrial applications of
sired level of investment and the preferred form ofwater, the total quantity of pollutants emitted
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depends on the quantity of water used. For exam- The introduction of a charge for water permits
ple, in cases where water must be chemically treatedoes not come without costs. For example, such a
prior to it being used in a manufacturing process,charge may increase the costs to water-users.
lowered water intake would translate into fewer Whether costs increase will depend on a variety of
polluting inputs being used and, as a result, fewerfactors, including the ability of users to substitute
pollutants being released into the environment. Thisaway from water use, water’s share in total costs,
need to treat water prior to its use is the case for thand the ability of users to pass on higher costs in
production of photographic film, some food and the form of either lower wages or higher output
beverage products, and also the provision of potaprices. However, to the extent that Ontario firms’
ble water by municipal water utilities. costs rise and those of their competitors in other
provinces or other countries do not, the PWC has
A fourth beneficial aspect of the introduction of the potential to affect adversely the competitiveness
a PWC is the potential that it has to contribute toof Ontario firms.
the collection of information about the state of the
water resource. A number of authors have criticized: The argument that the PWC might adversely af-
(a) the limited amount of water-use data that is col-fect competitiveness, however, should be interpreted
lected by the federal and provincial governments,with caution. As is the case in Ontario, most self-
and (b) that water resource allocation decisions haveupplied water use in Canada is available freely or
been made on the basis of incomplete hydrologicat very low cost. If water’s value to society exceeds
knowledge (Books and Peters 1988; Vandierendonckthe price paid by water-users, then those users are
1996; Zachariah 1999). One of the benefits of areceiving an implicit subsidy. Furthermore, this sub-
water permit system that includes a fee based orsidy provides water-users with an artificial advan-
the volume of water withdrawn is that permit- tage over their competitors in other jurisdictions
holders are required to record and report their wa-where charges more closely reflect the value of wa-
ter use. This set of data would provide the govern-er. In this light, the introduction of a charge for a
ment with a comprehensive and up-to-date picturewater permit would not imply a reduction in com-
of aggregate and regional water withdrawals. Thispetitiveness but rather the removal of an inefficient
type of information would be particularly valuable and distortionary subsidy.
for modelling the use of groundwater resources on
a watershed basis. A second type of cost associated with the intro-
duction of the PWC has to do with its administra-
A final beneficial effect of a PWC may be in the tion. There is already a bureaucratic structure within
area of revenue generation. The current system ofhe Ontario government that is responsible for the
permit issuance generates no revenue in Ontario. Bapdministration of the water permit system. The in-
way of contrast, the fees from water-use permitstroduction of a set of fees for those permits would
earned the British Columbia government $264 mil-require an expansion of that administrative struc-
lion in 1996-97 (British Columbia Ministry of Fi- ture. Fortin (Ecologistics 1989) considers a similar
nance 1998). As the results of the numericalwater-use charge and suggests that the cost of
simulations indicate below, the PWC has the poten-expanding the existing water permit system would
tial to generate revenue for the Ontario governmente approximately $5-6 million annually. There
that approaches the level of revenues in British Co-would also be costs imposed on those water-users
lumbia. These revenues could be used to reduce diswho do not currently measure their water.
torting taxes or to support water-related programs
(such as wetlands preservation, flood control, and A final comment regarding the PWC is in order.
pollution reduction). It can be argued that, in itself, a PWC does not
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constitute a water conservation strategy. In order to A final conclusion regarding the relative merits
be fully effective, the charge would be comple- of the introduction of a PWC will clearly depend
mented with other programs to promote a set of goalsipon a variety of factors. One of these is its impact
which could include water conservation, improved upon the economy. We turn next to an analysis of
water quality, wetlands preservation, and flood man-the quantifiable impacts upon water use and water-
agement. These programs would include educationysers of the introduction of such a charge in Ontario.
research, improved integration of land-use and
water-use regulations, etc.
SIMULATION ANALYSIS

A separate line of reasoning would argue that if
the water permit system were to be reformed, a prefOverview of Methodology
erable route would be to make the permits trade-There are two types of impacts associated with the
able. This would then allow a permit's price to be introduction of a charge for water permits. The di-
determined by market forces rather than by govern+ect impact results in an increase in the price of di-
ment decree. In theory, a competitive market wouldrect water withdrawals for self-supplied firms, mu-
ensure that water permits are allocated efficientlynicipal water utilities, and Ontario Hydf8.Two
and that the price of a permit reflects its value todifferent indirect impacts result. First, assuming that
society (Campbelét al. 1974). There are, however, water utilities pass on some portion of the PWC to
a number of concerns surrounding the implementa-end users, municipal water-users will face higher
tion of tradeable water permits. First, Canadianprices for publicly supplied water. Second, electric-
governments have little experience implementingity users (both firms and households) will face
and administering markets for tradeable permits.higher electricity prices if Ontario Hydro chooses
Second, even in jurisdictions such as the Unitedto increase the price of electricity in response to the
States, where tradeable permits have been impleintroduction of the PWC. Thus, the predicted change
mented to regulate air pollution, recent research inin water use is a function of the percentage change
dicates that the presence of non-competitive markein input prices that confront each user and the sen-
structures and high transactions costs have led taitivity of those users to input price changes (see
smaller efficiency gains than were anticipated equation A-1 in the Appendix). Having calculated
(Stavins 1997). In addition, Zilberman, Chakravorty the expected changes in input usage, the simulations
and Shah (1997) simulate the transition from a “first-then calculate the associated changes in production
come, first-capture” allocation rule to a tradeable costs that firms will experience. These cost changes
water-rights market and find that this transition may are functions of water and electricity’s cost shares
reduce welfare if transactions and information costsand price elasticities, as well as the structure of
are sufficiently high. Finally, the preceding point markets in which firms operate (see equation A-5 in
regarding the importance of having a competitivethe Appendix).
market in which permits are to be traded is particu-
larly important to the case of Ontario. This is be- The simulations adopt a method of analysis that
cause direct water withdrawals in Ontario are domi-lies between a partial equilibrium model and a gen-
nated by a small number of very large thermal powereral equilibrium model. Given the paucity of detailed
generating stations and manufacturing facilities. data available for describing the role of water in the
This indicates that the market for water permitseconomy, a general equilibrium model that consid-
would be non-competitive and that the political pro- ers the interactions of all of the economy’s markets
cess of designing markets may be open to influencevhen assessing the impact of a PWC is not possi-
from large water-users. ble. A more detailed description of the methodol-

ogy is presented in the Appendix.
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It is assumed that the charge for a water permitcentage increases in unit costs for different indus-
has two parts: an annual fee and a charge based dries. (Data and parameter values used in this analy-
the annual quantity of water withdrawn from the sis are available from the authors upon request.)
environment. The annual fee generates revenue to
cover administration and program costs. The prin- With the exception of Ontario Hydro and the
ciple role for the volumetric charge is to encouragemunicipal water utility sectors, it is assumed that

water conservation. the PWC does not lead to changes in the level of
output produced. Two reasons support this assump-

The Effect of the PWC upon Water tion. First, recent research (Caves 1990) indicates

Withdrawals that the principle determinant of output level for

The introduction of the PWC raises the average costost Ontario industries is the price received for
of self-supplied water intake. It will also raise the output (which is largely determined in world mar-
operating costs of municipal water utilities and On- kets), rgher than input costs. Second, water expendi-
tario Hydro and, as a result, will lead to an increasetures form a very small share of total production costs.
in the price of publicly supplied water intake and Preliminary simulations showed the impact of the PWC
an increase in the price of electricity. In all but one on costs (and, hence, output decisions) to be small.
of the numerical simulations, electricity users are
also assumed to experience an increase in the price In contrast, it is expected that output levels for
of electricity due to the PWE& Ontario Hydro and the water utilities will fall
slightly after they increase their prices. This means
In most of the numerical simulations, water-usersthat their responses to the PWC will be a combina-
face a possible total of three price increases: an intion of a substitution effect (decreased water intake
crease in the price of self-supplied water, an increassince it is more expensive) and an output effect (de-
in the price of publicly-supplied water, and an in- creased water intake because the firms are produc-
crease in the price of electricity. The impact of theseing less output).
various price changes upon self-supplied water in-
take depends upon a number of factors. These inThe Impact of the PWC upon Costs
clude the responsiveness of both self- and publiclyThere are several factors that determine the PWC’s
supplied water demands and electricity demands tdmpact on users’ costs. The first is the sensitivity of
their own prices and on the relationship betweenthe user’s water and electricity demands to prices.
water intake and electricity. These demandIn general, the larger the price elasticity of demand,
elasticities are estimated from observed responsethe larger will be the reduction in input use and, as
to variations in water intake costs for two-digit SIC a result, the smaller will be the increase in costs.
manufacturing sectors, the mining industry, OntarioThe second factor is the share in total costs ac-
Hydro’s thermal generating facilities, municipal counted for by water and electricity use. As the cost
water utilities and household$Demand elasticities share grows, then a given increase in the input’s price
differ across these sectors due to differences in prowill have a greater impact upon the user’s total costs.
duction technologies, the uses to which water is put,The third factor concerns the structure of output
and the ability of firms to recirculate water. Another markets for water-users. If water-users exist in a
important factor is the level of water and electricity market environment which allows them to pass on
unit/average costs facing users prior to the intro-some portion of the increase in their input costs (to
duction of the charge. Different industries have dif- consumers in the form of higher prices or to input
ferent unit costs of self-supplied water and electric-suppliers in the form of lower input prices), then
ity and, as a result, a given charge level (for exam-his will reduce the final burden of the PWC-related
ple, $0.001/cubic metre) will imply different per- price increase upon the water-user.
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The Impact of the PWC upon Government enues to different levels of the two components of
Revenue the PWC. It should be noted that Simulation 2 uses
The revenue from the PWC is composed of the anthe same values and parameters as Simulation 1.
nual payment for the water permit and payments thaHowever, Simulation 2 is the only simulation that
stem from the volume of water withdrawn. In order assumes that Ontario Hydro does not pass on higher
to calculate the change in government revenues duwater costs in the form of higher electricity prices.
to the introduction of the PWC, three components
must be deducted from this amount. The first re- The final simulation considers the implications
lates to the costs of administering the PWC, whichof a PWC defined to differ across regions of On-
are estimated to be approximately $5 million tario. This is done to allow the PWC to reflect dif-
(Ecologistics 1989). The second relates to a decreaskering regional supply-demand patterns across the
in corporate income taxes. This results from firmsprovince. Specifically, Simulation 5 reproduces
being able to claim PWC-related payments as deSimulation 1 but sets the volumetric charge in the
ductions against taxable corporate incoAteThe  northern region (essentially all of Ontario outside
third component to be deducted is the amount ofthe Great lakes basin) to zero for all users. Water
$105 million that is already being paid to the Prov- users in the northern region pay only the annual
ince of Ontario by Ontario Hydro’s hydroelectric permit fee. Thendirect effects of the PWC are still
division for its use of water. Thus, revenues are deelt in the north as it is assumed that any change in
fined as the increase in government revenues fronelectricity prices occurs uniformly across the province.
the water permit charges once the decrease in cor-
porate income taxes, the administration costs, and Table 2 summarizes the major results of the
the revenues already collected from Ontario Hydro'ssimulations. The first column provides the values
hydroelectric division have been taken into account.for the components of the PWC. The second col-
umn measures the estimated average percentage
change in total self-supplied provincial water intake.
SIMULATION REsuLTs The third column indicates the estimated average
percentage change in costs for Ontario industry,
For the purposes of this study the following valueswater utilities, and households. Finally, the fourth
were chosen. The annual fee ranged from zero te@olumn indicates the estimated revenue collected
either $300 (for farms) or $2,500 (for firms and utili- from the PWC.
ties) 16 The volumetric charge on self-supplied wa-
ter intake varied between zero and $0.005 per cubic There are several interesting results in Table 2.
metre. With respect to the particular values choserThe first result is that the province-wide reductions
for the charge, there are no data available to indiin non-hydroelectric water intake range from 1.2
cate the opportunity cost of water use in Ontariopercent (when only an annual fee is charged) to 8.3
and we have not attempted to calculate that vilue. percent (when the volumetric fee is set at its high-
In the absence of such data we chose values for thest level). These responses are smaller than those
volumetric and annual charges that are comparabl@redicted in Tate and Rivers (1990) because they
to charges in use in other provinces. use higher PWC charge levels and their assumed
elasticities of water demand are larger. In addition,
The results of five simulations are reported herethey do not take into account any cross-price effects
and shown in Table 2. The first four simulations between water and electricity. The second result is
model the impact of the PWC as it is applied to thethat increases in cost range from a high of 0.22 per-
entire province and allow us to do a sensitivity analy-cent (corresponding to the components of the PWC
sis of water use, firms’ costs, and government rev-being set at their highest levels) to a low of 0.01
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TABLE 2
Simulation Results
Sim. Parameter Values % Change Intake Quantity % Change Costs Government Revenue®
1 t=0.0032
A=2500/300° -5.44 0.10 88.42
2 t=0.003
A=2500/300 -5.18 0.03 88.59

(electricity prices
kept constant)®

3 t=0
A=2500/300 -121 0.01 15.56

4 t=0.005
A=2500/300 -8.27 0.22 126.23

5 t=0.003
(South)d -4.82 South 0.15 South 75.56 South
t=0 (North) -0.01 North 0.02 North 13.72 North
A=2500/300

(all)

Notes:

8The symbol t represents the volumetric charge on water intake (measured in 1991 Canadian dollars per cubic metre).
b The symbol A represents the annual permit fee (measured in 1991 Canadian dollars).

¢ All simulations other than Simulation 2 allow electricity prices to adjust to the introduction of the PWC.

d South refers to the southern portion of Ontario and is defined according to Ontario Ministry of Natural Resources
secondary watersheds definitions. North refers to the remainder of the province.

€ Revenues are in millions of 1991 dollars.

percent (when only an annual fee is used). Therénighest values. (In each simulation, the government
are two reasons for the PWC's relatively small im- would also collect $105 million from Ontario Hy-
pact on costs. The first reason is that most waterdro’s hydroelectric generation plants as it did prior
using sectors are found to be able to reduce wateto the introduction of the PWC.) Thus, gross rev-
use to some degree in response to the PWC. Thenues across the simulations would range between
second reason is that water intake tends to accourd low of $120.6 million to a high of $231.2. Inter-
for a very small share of total costs. estingly, this latter figure is close to the revenue of
$264 million collected from water permits by the
The third result is that the revenues that the PWQBritish Columbia government in 1996-97 (British
generates vary significantly across the simulations.Columbia Ministry of Finance 1998).
Total revenues range from $15 million when only
an annual licence fee is charged to $126 million There are also some interesting differences
when the components of the PWC are set at theiamong the simulations. First, by comparing
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Simulations 3 and 4, the impact of an increase in The preceding discussion concerns the aggregate
the volumetric fee can be observed. The intake-impacts of introducing a charge for water permits.
related charge rises from $0.00/in Simulation 3  However, these results may obscure important dif-
to $0.005/m in Simulation 4. The increase in the ferences in the impact of the PWC across sectors of
volumetric charge leads to significantly larger re- the Ontario economy. In order to demonstrate this,
ductions in water use (8.27 percent versus 1.21 perTable 3 reports the sectoral impacts of the PWC
cent). It also leads to larger increases in costs (0.22sing the parameter values of Simulation 1.
percent versus 0.01 percent) and higher revenues
($42.23 million versus $20.53 million). It is clear from Table 3 that there are substantial
differences in the impact of the PWC across sec-
Second, the significance of the assumption re-tors. It is particularly interesting to examine the
garding whether Ontario Hydro raises its prices inimpact of the PWC on Ontario Hydro, the province’s
response to the PWC may be examined by comparlargest user of water. The thermal generating divi-
ing Simulations 1 and 2. Simulation 2 indicates thatsion of Ontario Hydro experiences both the largest
if Ontario Hydro does not pass on its cost increasedrop in water intake and also the largest net increase
in the form of higher electricity prices, then there is in costs. These results are largely due to the com-
a smaller degree of water conservation. This arisedined effects of the extremely low unit cost for in-
for two reasons. First, water demands respond onlytake water that Ontario Hydro enjoyed prior to the
to an increase in the price of water. In addition, PWC and the assumption that Ontario Hydro’s price
Ontario Hydro does not reduce its water use to theelasticity of water intake demand is quite small
same extent since its output has not fallen. There i§-0.01). With respect to the former, Ontario Hydro’s
also a smaller increase in costs for Ontario firmsthermal generating facilities have an average cost
because they only face a single price increase.  of intake of only $0.0004 per cubic metre compared
to an average cost of $0.058 per cubic metre for the
Third, the impact of designing the PWC to have manufacturing sector (Tate and Scharf 1995). This
only an annual fee can be seen in a comparison oflifference implies that a given level of the volumet-
Simulations 1 and 3. In the latter case, only an antic charge represents a much larger percentage
nual fee is used and the result is very little waterchange in average water intake costs for Ontario
conservation, little increase in costs and relativelyHydro’s thermal facilities than it does for most
little revenue generated. The small decrease in wamanufacturing plants. The thermal-generating divi-
ter intake is due to the small increase in the price okion of Ontario Hydro also makes the largest single
electricity caused by the annual fee. contribution to total revenues.

Another type of simulation result concerns the  The manufacturing and mining sectors also display
impact of a PWC that is set at different levels for fairly large reductions in the quantities of water in-
different geographic areas of the province. Not sur-take, but this leads them to have quite small increases
prisingly, a regionally differentiated PWC leads to in cost. Finally, the agricultural sector is modeled to
regionally differentiated impacts as shown in the lastbe quite insensitive to the unit cost of water intake. As
row of Table 2. Water-users in the south respond a result, it displays small decreases in the quantity of
they do in Simulation 1 — by reducing water intake water withdrawn and has relatively large increases in
and experiencing small increases in costs. Watercosts. It also makes quite large contributions to total
users in the north experience only small increasesevenues relative to its size in the Ontario economy.
in electricity prices. As a result, they demonstrateThis is primarily because there are a large number of
very small reductions in water intake and experi- self-supplied farm operators in Ontario and each of
ence equally small increases in costs. these would have to pay the annual permit fee.
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TABLE 3

Sectoral Impacts of the PWC under Simulation 1

Sector % Change Intake Quantity % Change Costs Government Revenue?
Manufacturing -7.04 0.08 10.10
Ontario Hydro - 10.67 1.50 56.73
(Thermal Generation)

Agriculture (Crop) -0.27 0.28 7.77
Agriculture -1.27 0.39 7.93
(Livestock)

Mining -10.40 0.08 0.29
Municipal Water Utilities -2.30 0.53 5.59

Note: @ Revenue is measured in millions of 1991 Canadian dollars.

ConcLusIons charge. These could include reduced international
competitiveness and premature reduction of water
There is a growing interest in the use of economicwithdrawals.
instruments to promote the efficient use of natural
resources. At the same time, a number of provinces The numerical simulations for Ontario demon-
already have in place a system of charges for thestrate that the Provincial Water Use Charge has the
permits needed to make use of freshwater resourcegotential to encourage water conservation and to
Despite the existence of these regulatory frame-bring in new revenues to the government while
works, there has been relatively little analysis of thehaving small but discernible impacts on production
merits of these charges or of the impacts of thesecosts. Beyond this general conclusion, a number of
charges on water use and water-users. The purposmore specific conclusions regarding the simulated
of this paper has been to assess this type of chargenpacts of the PWC are possible.
and to simulate the impact of its introduction in
Ontario, one of the provinces that does not currently  First, a PWC will temporarily offset growth in
charge for direct water withdrawals. water withdrawals. Direct water withdrawals grew
at an approximate annual rate of 4 percent over the
The qualitative analysis of the merits and draw- period 1981 to 1992 in the Great Lakes basin. How-
backs of a province-wide water charge highlights ever, the simulations show that the maximum reduc-
the potential for a number of beneficial impacts. tion in annual non-hydroelectric water intake is 8
These include encouraging efficient water use, im-percent when the intake charge is $0.005 per cubic
proving water quality and providing government metre. If this growth rate persists, then the PWC
with new revenues and improved information regard- would offset approximately two years’ growth in
ing water use. Conversely, there are some concernsaon-hydroelectric water withdrawals. As long as the
regarding the potential adverse effects of such apopulation and income continue to grow, there
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would be the need for the PWC charge to increaseern Agricultural and Resource Economists Association

over time in order to keep withdrawals in line with meetings. This research is based, in part, upon a project

reliable inflows. funded by the Ontario Ministry of Natural Resources. All
opinions, errors, and omissions remain the sole responsi-

Second, a PWC defined to include only an annuaP!ly of the authors.

licence fee will earn a limited amount of revenue  iThis is the most recent year for which there are com-
for the government and provide little or no incen- plete data.

tive to conserve on water withdrawals. ) . .
2Water use by Ontario Hydro’s hydroelectric facili-

. . . ties dominates water use in Ontario. In 1991, recorded
Third, the impact of the PWC depends in part ON\ater use by these facilities was 1.50 billion cubic metres/

how Ontario Hyfjro res.pc.)nds. This 'S. because theolay (20 times the total water withdrawals listed in
thermal generating facilities of Ontario Hydro are rapje 1).

the largest users of water in the province and be- ,

cause an increase in Ontario Hydro costs can trans- ~10tal (o gross) government revenues from such a

late into an increase in electricity prices for all On- charge would include the water fee of $105 m||'||on. "’Tl'
tario residents. If Ontario Hydro does not raise i,[Sreaoly collected from Ontario Hydro (hydroelectric divi-

. . 10 the PWC. then fi | sion), along with the net increase in revenues from firms
prices in response to the  then firms see only, . ' silities.
an increase in the price of water. As a result, there
is less overall water conservation, a smaller percent- “The Inquiry on Federal Water Policy commissioned

age increase in costs for Ontario and S“ghtly higherEnVirOnment Canada in 1985 to forecast water withdraw-
revenues. als until the year 2011. The “Low Estimate” and “High

Estimate” forecasts for annual withdrawals from the Great
Lakes basin in the year 2011 were 28,471 and 46,665

illion cubic metres, respectively (Pearse, Bertrand and

the PWC l_JpO,n, Water-usgrs has demonstrated th{%aacLaren 1985, Table 4.6). Based on available data, it
there are significant gaps in our knowledge of Waterappears that annual withdrawals in 1992 have already

use in Canada. The biggest gaps occur predomigmassed the lower estimate for annual withdrawals in
nantly with respect to thermal power and agricul- 2011. Furthermore, if growth trends continue, the “high
tural water-users’ responsiveness to change in unigstimate” of annual water withdrawals for the year 2011
costs of water, and the opportunity cost of the watewill be exceeded by the year 2002.
resources. Before any PWC could be established, it
would be necessary to determine the value of Wate[
resources and use this information to set the appro.
priate levels for the volumetric charge and for the
annual fee. ®Since the inception of the permit system, it was com-
mon practice for the Ontario Ministry of Environment and
Energy to issue water permits that contained expiration
dates (at which time the permit holder was obliged to re-
apply to have the permit continue). Recently, however,
The authors would like to thank Kari Heinrichs and the ministry began to issue open-ended permits with no
Andrew Gretzinger for providing invaluable research expiration date (Ontario Ministry of Agriculture, Food
assistance. We would also like to thank the following: and Rural Affairs, 1998).
John Kinkead, Douglass Legg, .B.en0|t Laplante., Lewis "Riparian rights allocated the right to use the water to
Soroka, and Tony Ward. In addition, we appreciate the .

. . the owner of the land adjacent to the water.
comments of the participants of the Canadian Resource
and Environmental Economics Study Group, the Cana- 8The exception to this last statement concerns a sepa-
dian Economics Association meetings, and the Northeastrate royalty paid by hydroelectric generating facilities in

Finally, the exercise of modeling the impact of

50ver the same period, real income per capita in On-
ario rose approximately 20 percent and population grew
21 percent (Statistics Canada 1996).

NoTES
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Ontario for their water use. Ontario Hydro’s facilities paid able. Estimates of price elasticity of intake water demand
approximately $105 million under this royalty in 1991. of 0.0 and —1.5 for livestock and crop operations, respec-

o ) _ tively, are taken from Ecologistics (1989).
9Fees can be quite simple, as in the case of Manito-

ba's one-time payment when the licence is issued, or com- Personal communication with Douglass Legg, On-
plicated, as the fee schedules found in British Colum-tario Ministry of Natural Resources, 17 April 1997.
bia’s regulations. In the latter case, fees depend upon the

16 - -
use to which the water is to be put, the characteristics Tr;]erzlare ? Iargﬁdnumber of ?mall scals f?”; oper:
and location of the agency or firm proposing the watertors who directly withdraw water from nearby lakes an

withdrawal, and the quantity of water to be withdrawn nver;. H;Jv:)ever, mOT‘It othel;watir;usmg sectors are c:ar-
(Driscoll and Kruger 1994). acterized by a small number of large water-users. The

annual fee was designed to reflect this difference in the
10Brooks and Peters (1988) are critical of provinces’ composition of firms across sectors.
failure to make use of water-use fees as a means of en-

17, i
couraging conservation. Muller (1985) calculated the approximate value of

water use in Canada. His estimates imply an average value

Mn a recentNews Releasentitled, “Do you Need a  of one cubic metre withdrawn from a lake or stream to
Permit to take Water?” the province of Ontario indicated range from $0.039 to $0.315 (in 1991 dollars).
that, “The taking of water has not been a major issue for
Ontario farmers. However, consider what might happen
if water use was in short supply. Having a valid permit REFERENCES
might be a highly valued commodity if a shortage should ADI Nolan Davis and Gardner Pinfold Consulting Econo-
ever arise, since it protects the permit holder by estab- mists (1996) Assessment of the Economic Value of
lishing the holder's interest in water in terms of date and |y and its Contribution to the Economy of New-
quantity” (Ontario Ministry of Agriculture, Food and foundland Report prepared for the Department of

Rural Affairs 1998). Environment, Government of Newfoundland and

12t is assumed that holders of water permits for very ~ Labrador. _
small water withdrawals (such as those needed for ruraPritish Columbia Ministry of Finance (1998), *1998
households or cottages) would be exempted from the Budget Reports: Revenue by Source,” www.fin.bc.ca/
charges discussed here. Under the regulations, these us- Pudget98/bgt_tbh5.htm _
ers are not required to hold permits for water withdrawals.Brooks, D. and R. Peters (1988)ater: The Potential
for Demand Managemer{Dttawa: Science Council
130ntario Hydro's hydroelectric generating facilities of Canada).
already pay a rental fee to the Ontario government base¢ampbell, R., P.H. Pearse, A. Scott and M. Uzelac (1974),
on their installed capacity and on their production of elec-  “water Management in Ontario: An Economic Evalu-
tricity. However, Ontario Hydro’s thermal power gener-  ation of Public Policy,’"Osgoode Hall Law Journal
ating stations do not pay for their water intake. Under the  12(3):475-526.
introduction of a charge for water permits, it is assumedCanada. Environment Canada (199Cgnada country
that the water rental fee paid by Ontario Hydro's hydro-  study: adapting to climate variability and change in
electric division is replaced by a charge on its permits  Ontario http://www.ec.gc.ca/ccs_b_e.htm.
(which generates the equivalent amount of currentCanada. National Round Table on the Environment and
revenue) and that the thermal electric division begins pay- the Economy (1996)State of the Debate: Water and
ing the PWC. Wastewater Services in Canaflattawa: Supply and
Services Canada).

14The values pertaining to manufacturing firms water . -
. . Canada. Task Force on Economic Instruments and Disin-
use are taken from Renzetti (1992), while the values per- . ) .
centives to Sound Environmental Practices (1994),

taining to residential household use are found in Renzetti " .
. . Final Report of the Task Ford®ttawa: Environment
(1998). Data on municipal and thermal use are found in Canada)

Renzetti and Dupont (1997). In the case of Agriculture, . .
X . o .Caves, R. E. (1990Adjustment to International Compe-
the data needed to estimate price elasticities are not avail-
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APPENDIX
M ETHODOLOGY AND ASSUMPTIONS

The purpose of this Appendix is to list the assumptions and describe the method used in conducting the
numerical simulations.

1. The level of output for the manufacturing, mining, and agricultural sectors is assumed to remain con-
stant throughout the simulations. The levels of output for Ontario Hydro and municipal water utilities, on
the other hand, are assumed to change in response to the PWC.

2. Water-using firms are expected to respond to the introduction of the volumetric charge by reducing
their water intake in the manner described below. However, there is assumed to be no behavioural response
to the introduction of the annual fee (e.g., firms do not leave the province).

3. The water use and expenditure data come from a variety of sources. Data for the manufacturing, min-
ing, and power-generating industries are from the 1991 Industrial Water Use Survey administered by Envi-
ronment Canada (Tate and Scharf 1995). Data on water use in the agricultural sector are from the Ontario
Ministry of Agriculture and Food (1992). Finally, data on municipal and residential water use are from
Environment Canada’s Municipal Water-Use Database (Vandierendonck 1996). Data on industrial output
levels are from Statistics Canada (1991, 1992); Ontario Ministry of Agriculture and Food (1992); and On-
tario Hydro (1995).

4. All price elasticities are assumed to be constant in the range of water and electricity prices considered.

The values of the elasticities and all other parameters used in the simulations are available from the authors
upon request.
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5. Forthe sectors which are assumed to keep their output constant, the impact of the PWC on the demand for
self-supplied intake water, publicly supplied intake water and electricity is described by the following equation:

AQ;=n -Ap+Y n,-Ap (A-1)

j#i

Recall, that a firm which is both a self-supplier of water and a user of publicly supplied water may face
three price increases upon the imposition of the PWC: an increase in the price of self-supplied water, an
increase in the price of publicly supplied water, and an increase in the price of electricity. Thus, the total
change in water demand by tifefirm is shown in the equation above. In this equation above the subscripts

i and j index three inputs: self-supplied intake water, publicly supplied intake water and electricity. The
symbolsn; andr]ij measure the own and cross price elasticities of demand for input i. The srirzb

cates thepercentage changm a variable.

In the cases where the sector’s output level is not assumed to be fixed (Ontario Hydro and municipal water
utilities), an additional term is required to represent how output changes and how that change induces a
further change in the demand for self-supplied and publicly supplied intake water and electricity:

AQ,=n,-Ap;+Y n, Dp+6, Ly (A-2)

j#i

whereAy is the percentage change in output &nis the output elasticity of thé"iinput. The expected
change in output due to the PWC is related to the anticipated percentage change in the utility’s output price
(Ap) which is in turn related to the changes in input prices induced by the PWC. These relationships are
expressed in the following two equations:

Ay:(SR.r]R-FSNR.r’NR) Ap (A-3)

whereAy is y the percentage change in output &pdis the percentage change in the utility’s price of
output. The terms Sand §; are the respective residential and non-residential shares in the utility’s output.
And, np andn, are the price elasticities of demand for residential and non-residential consumers of the
utility’s output.

The percentage change in output prige, must be related back to the changes in the prices of self-supplied
water and electricity as shown below.

1
Ap= (MC~y {Es'es'Aps + EE'OE'ApE} (A-4)

wherelp is the percentage change in the price. &he marginal cost of output and y is the quantity of
output. The variables Fand E are the expenditures by the utility on self-supplied water and electricity
respectively. The term@4 and6. are the output elasticities for self-supplied water and electricity. Finally,
the Apg andAp,. terms represent the percentage changes in the prices of self-supplied water and electricity.
This equation implicitly assumes that the utilities are using marginal cost pricing and is from Chambers

CaNADIAN PusLic PoLicy — ANALYSE DE POLITIQUES, VOL. XXV, NO. 3 1999



378 Steven Renzetti and Diane Dupont

(1988). The marginal cost estimates for Ontario Hydro and municipal water utilities are from Ontario Hydro
(1995) and Renzetti (1999), respectively.

6. It is assumed that all firms choose inputs in order to minimize the cost of producing an exogenously
determined level of output. Employing Sheppard’'s Lemma and some manipulation yields the following
expression for the impacts of PWC on each industry’s costs. The equation incorporates the approximate
effects of three input prices changing simultaneously (the prices of self-supplied water, publicly supplied
water, and electricity) and as well as the introduction of the annual fee:

AC=(Y S-(1+n)+YX XS -n;) bp+a (A-5)

i j#i

where the i index includes self-supplied water, publicly supplied water, and electricity and the jindex includes
labour and capital. Further, 8 the i" cost sharer), is the i" output constant price elasticity of demanﬁl,

is the output constant cross price elasticity of input j with respect to the price of idyiliahdAp, are the
percentage change in cost and thimput price, respectively aralis the impact of the annual fee expressed

as a percentage of total cost.
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