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ABSTRACT

This report discusses the criteria and methodology
for evaluating water management plans according to the
multiple goals of economic growth, environmental quality
and social well-being. An evaluation matrix is devised
whéreby the impacts (positive and negative) of water
management alternatives can be assessed in terms of the

criteria associated with these multiple goals.

A conceptual analysis of the evaluation process is
presented in the report (only) and it has been applied
with some modifications to a selection of water quantity
alternatives in the mainstem Okanagan (Okanagan Lake and
Okanagan River) The report will form the basis for
evaluating a number of comprehensive framework plans
towards the end of the Study.
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' Sumnagx

This paper is the first part of a two-part study of the

‘ evaluation process. that will be used to evaluate alternative plans in

. the Okanagan Basin:Study. The paper describes the main principles that

‘ affeot the process of ‘evaluation and indicates in theory how an evaluation

matrix can be established to choose between alternative plans. The second

‘paper, due in June 1971 will show how this evaluation matrix will operate

" in practice. @he main findings of this first report are summarized below:

1.

The Okanagan Ba31n Study representseaaneWYstrategy for riverfbasin

o planning in Canada, based upon the concept of multiple;obaective -

2,

3.

'mnltiple means planning.

'The multiple obgectives of the study are not clearly and precisely
_stated in the Agreement, but appear to include eoonomic development,

environmental quality'and social well-being objectives. More precise

definitionsvof-these oﬁﬁectives together with the measurement parameters
required to assess them are presented.

The paper recognizes that water resource management is only one policy
alternative for achiev1ng the multiple objectives of the study. A
number of proposed water resource targets or management means are |
defined whichoean_contributé.to all or part of the multiple objective
gunction. o | . o | | - -

Benefits and'cogtsmof aIternativepglansgéreédiredtli;55lated%tottne;
defined multiple7onjectives. Thefeforentnere'may}beveconomic, environ-
mental and social.benefits and costs relatedvto each water management

alternative,



e

6.

7.

8.

. 9.'

When possible, all benefits and costs will be quantified, but only .
those directly related to the economic opjective will be expressed

in dollar values.1*Hewever, social and environmental benefits and .

v' costs will be explicitly accounted in the evaluation matrix;

The spatial v1ewp01nt from- which the impacts of plan development can
be evaluated is 1mportant and the implications of ch051ng the Okanagan

region, Britishkgblumbia or Canada as a whole are discussed, '

The distribution'of benefits and costs of alternativepplans between

individuals and groﬁps in the valley is discussed and a system.of

-,

weighting the distribition of these gains and losses) is emphasized.

A theoretical evalhation matrix which can account the economic, social

- and env1ronmental benefits and costs of alternative water management

plans is described and discussed. \The paper empha51ses that this tool
is required:to replace the traditional benefit-cost analysis 1f the

multiple objectives of this study are all to be achieved.

. The 1mp11cation5‘of the use of an evaluatien matrix upon decision

making are broughtxgutffaﬁdfthe crﬁéial importanee of devising a rational

'>A

weighting system with which to trade-off between the multiple objectives

is emphasized.



Preface

0 Because some of the terminology used throughout this paper
is placed in a context which may differ from that which the reader is
accustomed, it seems appropriate at the onset to present the'definition

of certain terms that appear frequently in the text.

Objective .
| A major policy goal set by the highest decision-making body

in government; ‘An objéctiVe has instruméntél value because it§i§ads to

a higher valued goal, thatAof improving social Welfare. The statement

of objective§‘should include measurement parameters to indicate the degree
to which theyvaré achieved and to eﬁsure that the objectives do not,overlép.

Examples of objectives include increased economic growth (regionally'and/or

gﬁéﬁiggéii&){:}q§rovéd‘environmental quality and an equitable distribution

.of opportunity.

In this paper; the ierm target refers to a specific means of
aliocating resources to achieve one or more of the planned objectives. In
the casé of the-Okanagan Study, targets will be expressed in terms of water
mandgement goals. For example the planning objective of achieving econoﬁic
growth in the Okanagan‘basin might be achieved through the targét of supply-
ing'water in the region for agricultural needs to 2020. Similarly,'the
planning objective of improving environmental quality might be partially
met by the target of providing water Quality.standards consistent with body-

contact recreational sports.

(1)



Sub-Targets

Sub-targets‘relete targets to sbecifieovweter reeource demands
in a study. For exemple, a sub-target felated to the target of improving
water quality might be<to improve tEelueter qualltyb}n %upartlcular lake or |
- reservoir to a.SPGleled water quality standard. Of course, the declslon

whether or not a sub-target should be achieved will depend upon a rigorous

analeis of the benefits and costs associated with achieving this target.

-Benefits
Benefits are defined as positive contributione to achieving
objectives through.meeting specified targets or suthargets. When

' possible,.the benefits aseociatediwith each.target will be categorized into
the multiple objectives. Becauserf the inter-linkages between objectives,

‘ aggregsted or joint beneflts w1ll arise, which w111 requlre spe01a1 consider-
ation to avoid double-countlng. When p0551b1e, aggregated beneflts will be
dlstlngulshed from separable beneflts, as the latter can be fully ‘attributed
to a particular obJect1Ve. |

tIn the case of the agricultural water.supply target, direct benefits
associated with the ecouomic'growth objective.could include increased or
more efficient production of agficultural outputs, while indirect or secondafy

_ beneflts might 1nvolve the benefits stemming from the locatlon of a new
fruit proce551ng plant,» In terms of the env1ronmental quallty obgectlve,
such factors as eesthic appeal due to landscape diversity or the psychic
enjoyment of p1ck1ng fresh fru1t may be p051t1vely valued by the society

and therefore accounted as beneflts.

‘(ii)



Costs are deflned as negatlve contrlbutlons to: obJectlves 3

* through meetlng speclfled targets or sub-targets. ,Not only are there
Aeconomlc costs assoc1ated with actual monetary expendltures, but. there
"may be env1ronmental costs such as the loss of recreatlonal experlence

and SOClal well-belng costs such as an 1ncrease§1n flood rlsk for a certaln
communlty.v lee beneflts, 301nt costs may occur and must be treated w1th

'caution to av01d double-countlng. f‘
Project '
A project refers?to anj alternative means for achieving'a

.spec1f1ed water resource target or sub-target.t Thus, a proJect may refer

o to a structural alternatlve such as a new reserv01r or canal or 1t may refer

to a water management alternatlve such as meterlng and’ prlclng water supplles
or landuse zonlng, Because of thelr nature, prOJects are usually a35001ated

dlrectly w1th sub-targets. S

'Comprehensiwe Planﬁ

An -array’ of water quantlty and water quallty progects whlch
comblned, form a’ complete comprehen51ve ‘water. management plan._ Thus, while
projects are déslgned to achleve targets and sub—targets, a comprehen51ve

plan is de51gned to achleve the multlple obJectlves of the study.;

(141)



_Introduction’

The 0kanagan Basin Study represents a new strategy for river -
basin planning in Canada. ~ Therefore the adequacy of the.present planning
'oapproaches to water resource management in Canadauto meet therchallenge B

of this-new strategy ‘should be assessed at the onset of the study. In

________

levels of.planning shouid be'scrutinized in-this rev1ew, but because the
Socio-Economic Task Force.is mainly concerned with»the evaluation process;
only the the evaluation procedures will be con31dered in depth in this
report. However, the 1mplications of the required changes 1n the evaluation
process upon other dimen51ons of the planning process are 1nd1eated through-

out the paper.

One of the basic tenents.in any planning study is that a ch01ce
will have to’ be made between a number of ‘water resource management '
alternatives for achiev1ng the obgectives oﬁhthe study Decision on the
choice of alternatives is based on. those that best meet the obaectives of
| the study.: Thus the evaluation process which leads up. to the point of
decision-making is 1ntimately connected to clear and precise definitions

of the study objectives.

This paper reviews the basic principles for evaluating alternative
plans and develops'the'concept of using an evaluation matrix in the evaluation
process. The paper 1s the first part of a two-part description of  the

~~evaluation process that uill be used in. the Okanagan Basin Study and s1mply



‘éuflines a number of lmportant principles.that Willxbe.taken ‘J';nt.o.~

-account byithe Socio-Economic group When-evaluating;altefnatlue{plans;

The second papef, now SCheduled for'completion“inllune,A1971'will

indicate now fhese princinles will be implenented‘du?ingVthe_sﬁudy
'and-specifically»how the evaluation mAtriwiillfbe used to enable rational |

‘decisions to be made.

Although this paper concentrates ifs attention,on the‘eﬁaluation
process, it does attempt uoireview-this evaluation process wiuhin‘the whole
perspecfive of comprehensive basin planning. The paper beglns by deflnlng
the 'scope of comprehen51ve basin planning through a rev1ew of the historlcal
sequence of plannlng“straﬁegles. Then the complete’ planning process is

‘briefly‘discussed to indicate the inter;relationships between:itsAfhnee S
major'components - the evaluaﬁion process,’basic planning‘activioles and
-the institution structure.. The main part of the paper examines 1n some
detall each of the prlnclple ssteps in the evaluation process, leadlng to

a descriptlon of a conceptual model of the evaluation matrlx. Finally,§

" the impl1cations of this evaluation matrix upon declsion-making are discussed.



The Concept_of Comprehensive River Basin Planning

- The concept of comprehensive river basin planning is perhaps best
defined by reviewing the historical sequence of strategies in water resource

development and planning. Four strategies have: been identified (White,fi969).

The first is single-purpose development»and:is,exemplified by private schemes
for irrigation water supply or the buildihg of canals to improve inland
néviggble waterways. These projects were usﬁally small in scale and local-
jzed in their impact upon the economic, social aﬁd‘physical envifénment.

The main purpose of this type. of development was to promdfe economic
growth, Scale economies were soon recognized'by'planﬁers and led to larger
'seale projects which were'multi;pufpo;e iﬁ néfﬁre. _Begause_of their éizé
(and”otherireasons) such multi-purpose projects wene’undertakeﬁ at public
expénsé and have their:QQst notabie-example in the T.V.A. deﬁelopment, which
producgd water powér, watéf supply and recreation.benefits; 'Althéﬁgh this- .
strategy is classified as multi-purpose, it had eSséniialiy a.siggie objéqtiié,
-thai of increasing national and'in‘some cases regioﬂal income;_ Economic
efficienéy criteria nged:on:the‘technique of.beﬁefit-éost.ahalysis ﬁere
developed to eval#ate pfojeéts ;nd aid decision;making.

As;agaihﬁaavailable‘water résourcesvwére utiiized, and new éngineering
tedhniques'developed, éianners devised more ambifioﬁs projects-inéluding‘largé-
scale diversions from one watershed to anofhef; Sucﬁ:éche@és produéed ma jor |
impacts on the economic -and phyéical'environment'giving rise’to,a growing
public concern for protéctidn of thé natural environﬁént, particularl§ the
ecofsyétems that were threatened by such large-séhle interventibns.' The
'incréasing cosfs of water resource deVelopment in both finéncial and énvironmental
terms ushered in a third Strategy of-mulﬁiple'@géﬁﬁ}— Mulﬁipuﬁposé<river basin

planning (National.Acideny of, Stiences, 1966).

s A



Thiststrategy;explicltl& increased the range‘of alternatives:to solve
water supply problems, encouraglng more efflclent use of water through proper ..
management as an alternatlve to large-scale d1ver51on. For example, land o
use zonlng or flood prooflng of buildings were.examlned.as alternatives to
constructlng dams or- dykes, water meterlng was 1ntroduoed to reduce demands,
and waste treatment was encouraged instead of 1ncrea51ng water supplles to
~ dilute wastes.
I would llke to empha51ze at thls polnt that thelmaln obJectlve

f all of these strategles I have mentloned so far 1s to -develop and/or
.manage the water resource to stimulate economlc.growth So essentially
there was a 31ngle obJectlve - economi.c development which was realized by
'lseveral purposes - supply for 1rr1gat10n, 1ndustry, populatlon growth, flood
‘control hydro power and nav1gat10n. But,-people weze also becomlng aware
that water is an 1mportant constltuent of the environment - 1t is plea51ng
to look at, to swim in, to boat upon, to support valuable fish and wildlife
resources. In addltlon, water can play a magor role in communlty l1fe and
-development as I thlnk it does in the Okanagan Valley in British Columbia.

| Thls awareness of the - env1ronmental role of water has required
that the‘obJect;vesiof.plannlng must be expanded.to 1nclude env1ronmental
and sociallgoa1s~in‘addition-to the traditional economic one. This has

resulted in a fourth strateay, whlch I term multiple obJectlve - multlple means_

.or comprehens1ve plannlng and it is thi’s, strategy that we are. developlng in
the Okanagan Study. Comprehen31ve plannlng represents a new strategy in water
resource management in Canada, bullt upon the well‘tested strategles of the
past but because 1t is new it requlres fresh approaches to evaluatlon, to

declslondmaklng and to multl-agency co-operatlon.,

1
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This paper outlines.a broader, and, I believe, a more'aépropriate approach

to evaluation of comprehensive plans than has been used .in the past.

The>0kanagan Basin Study

| VWith ﬁhig historical review in mind, I think that it is now

pertinent to examine the Okanagan Agreement and check hoﬁ it matches up tp‘

the strategy of multiple-objécfive, multiple means planning. The Agreement

explicitly states that there are at least two majof objectives to the study:
f...The purpose of the Agreement is to develop a comprehensive framework

plan for the development and management of water resources for the

social betféfméntAand economic_growth of the Okanagan Basin..."
The Agreement élso‘strésses that multiple means, i;e. a wide range
of alternatives will be examined to meet theséﬂobjectives,“when it states
that the study will:
"...focus_on-the evaluatioh of economic, engineeripg, ecﬁlogical, financial
and organizational alternatives for watér resougéevutilizétion..."
- Further, social valués as well as economic values must Ee takeh ihtp account
for the Agreement aeciares that the pﬁblic will Be inVolvéd in the planning
process: o |
M. ..to enable thé’éompréhensive plan to-be truly reéponsivg to'the wishes
of the peOple'for which it is designed...m> -
Ciearly, then,the Agreément fit$ into the strategy of comprehensi&e planning.
But, as 2 result, the broéd scope of the study ha$ its impiications. Firstly,
it costs more - up to $2 million can‘be sbent for the planning phase of the
study, which means that more money will be spent when we implément our plans,.
Secondly, the planning process is more complex - more disciplines are involved
and more work is feqﬁired to integrate the resﬁlts of the various compénents

of the study.



Whereas planning in British Columbia used to be undertaken by engineers,

in this study we have biologists, ecologists, economists, sociologists as
well as engineers working on the problem. Thirdly, the scope of the study
may expand geographically. OShould the planners indicate that water must

be brought into the basin from another watershed, then we would be required
to examine in detail all the economic, social and environmental repercussions

of such a diversion before a decision could be made.

The Planning Process

To understand the comprehensive approach to the evaluation process,
I must first place it in context of the overall planning process. The
description of planning presented here is based upon the concept that planning
is a process of social change (Bishop, 1970). There are basically three

components to the planning process:

1. The Evaluation Process - The evaluation process is based upon a hierachal

structure of objectives from those of broad policy goals down to detailed

water resource sub-targets.

2. Sequencial Structure of Planning Activities. The sequential structure of

planning activities represents the main planning activities and decisions

throughout the planning period.

3. The Institutional Structure - The Planning Participants - The institutional

structure identifies all the interest groups both in the three levels of
government and the general public and indicates how the decision-makers

interact at any point in the planning process.



Comprehensive

The interectioe of these thfee compbnents can. perhaps best be’
‘visuslized with the aid of a three dimensional dlagram (Figure 1) This
' flgure is presented tollndlcate that plannlng is a hlghly dynamlc process, -
- which passes through a series of logically related steps (often repeating
the cy@}e several.times), and that-at each step in the'plenning process a
Nnumber of'hierachally related deeisions must be made by fhe complex.
' institutipnal'stfucture.
FIGURE 1 = . ’ _ o A.THREE\DIMENSIONAL PLANNING SPACE
o ' ' (after Bishop, 1970)
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When discussing the evaluation process, I reéémmend;that the reader refer
to the above diagram so that he can understand hdﬁ'each step’ of the -

evaluation. process 1nteracts w1th the approprlate steps in the other two

components of the plannlng process.
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The Evaluation Process

‘ Asris‘tne;aase fdr ail components of the planning;pfocesa, the‘
'avaluation procesa.éan ba atratified-into a hierachy according to the level
of detszil required at any particular point of time in the planning proceas.
Each element in;tna pfddess'can be decomposed into,varions subjects down
to the smallest eléﬁgnt}in the evaluation process which is called ﬁhe sub-
:target i.e. a speclfled water use for a partmcular locatlon in the study

. region. A general helrachal structure of the evaluation process with key
‘llnkages to elements of the other components is indicated in Figure 2.
The diagram shdws‘that objgctives are decomposed into‘targets and then
,sub-tafgets wheré particular problems are studied -and then the‘sub—targets'
(and. related prOJects) are aggragated into 1ntegrated plannlng alternatives.
The whole process should be re-lterated for review and modlflcatlon ‘as time -
and_monay‘perm;ts.

 ,The remainder of this paper is devoted £0'a diacussion'of each
of the'hieracnal_séquence of steps in,the'evaluationjproqess as shown in
Figure 2. The readér is aaked'to review the definition‘of terms"iaf the
beglnnlng of thls paper as many terms are, used in a rather special context e
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FIGURE 2

 Simplified.Evaluation Process. '
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The~@bj;étives of COmpreHehéive Rivér Basin Pianninéﬁ‘

"_f fhe cbmﬁ9niy stétéd idealized goal in water fesource p1anning is‘
to maximize_sqcial_welfaré. GéneraliyAspeakihg; a person's welfare.is
.' increa§ed_if:he ié Soméh§w better off as é_fesﬁlt'of'éome aétion thaf he
Vwés pafdre; Bﬁ£>ﬁhe objebtive must bé mofé precisely defined ahd include
‘%peéific measuféméht'ériteria befbre‘the decision-maker can be certain he has

achieved this idééi'goal., | | : “

Until"fécéhﬁly,.weifare was usually measu:ed'ih.monefary.térms and
welfare wa; said_fo-bé inéreased if a person'é net private cqhsumption ofl
goods“and-se?vic;snﬁasﬂiﬁcréased. deay, thé‘v;lues asébciated with welfare
~appear to have bféédened:to include '"the quality of life' as well as a more
equitéble diétributioh éf opportunity. _Thefefore‘we mgst be,more'explicit'
Aiﬁ,our definition of_soéial weifare if we are to include gll'relevént human
_ values. | B |

I have produced a hierachal system Qf goals in Figure 3 to helplé;»

definé the'relationship between thezéifferent levels of goals in cqmpfehensi?é'
~planning. The figure indicateé thatvsqcial welfare can be aéhiévéd by '
meeting é»nﬁmbér‘of'brOgd cbjecﬁi%es. These,6bjecti§QS‘ére§aéjor policy
goals, set by fhe-highest?aecision;making body in_the government‘andiare
thefefore instfﬁmehtal for achieving thé ﬁighef véluéd goal ;f improving -

' social qglfare. It is importént,lthat these objectives are explicitly

defihedwand,shéwn tﬁ be non¥overlapping (though they may confiict) and thatf::
fhéir defiﬁitioﬁ,include measurement parameters to indicate how resource
'alioéation decisions may échiéve them. | | |

| The terﬁs soéial betterment and economié‘gfowth used in the.

VOkénagan Agreement are examples of broad objecfiveé. Hdwever, they are

" eET0=,
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ambiguously stated and although the decision-makers at the policy level
of the Federﬁx%and Pfovincial governmentsili;hggiﬁ ultimately be responsible
for more precise definitions, it is perhaps fhe role of us planners to
recommend such definitions to the Consultaﬁive Board.v In this context, 1
have iaentified fhree ebjectives for the Okanagén'Study end‘define them
.eccordingly. , | |
1. To increase economic development in the Okanagan and'surrounding regions
as measured{by its net regional income i.e.lthe net value'of incomes,
goods and ser&ices. The geogfaphic boundaries of the fegiop will be
drawn.wide enough to encompass all significant project effects.
2. To enhance environmental qualitj by management' preserﬁatien and improve-
“ment of certaln natural and cultural resources ‘and ecologlcal systems.
A social preference index net of costs requlred to produce a sp901fled
level of envirehmental quality will be developed.as a measurement parameter.
3. Te enhance social well-being by creating avmofe equitable distribution of
opportunity as heasured by net>per capita incomes, employm§§ff§nd'
population densities, and by consributing to security of‘life, health
and property. | | | A | :

There are§§El§fégf§Ember of economic and social measures that can
be chosenrte achieye one or more of these broad objectives and thereby the
ultimate goellof improving social welfare in the Okanagan, for example grants
for industrial expansion, man-power retraining centres, subsidies for the
agricultural industry. It is importantvfo understand that water resource
management is only one means of allocating resources to achieve these objeetives.
Ideally,‘comprehehsive regional planning sﬁouid examine a wide range of these‘
social and ecenomié§a§§§s to achieVe'improﬁed social welfare and allocate
resources so that the ﬁarginal value of beﬁefits (in terms of ﬁet social
'welfare) is the same for all 5001al and economic programmes.

1 In the Okanagan Study, the pollcyxlevel 1s represented by the Canada-B.C.

Consultative Board. ¢ :
- 12 =



In fact only water»resource'management was specified in the Agreement and

therefore all targets are specified in water resource management:ternms;

Identification of Water Resource Targets

The next step in the evaluation nrocesshis to specify:how water
‘resource management measures can aehieve the preuiously stated multiple
objectives. For this purpose water resounce manaéement means or’target .
must be defined and agaln the definitions should “include measurement parameters
*that are compatlble w1th those of the broad obJectlves so that the decision-
maker can evaluate the degree to which these objectives ‘have been achieved.
Although each water resource management target is prlmarlly concelved as a
means of ach1ev1ng one ‘or other of the multlple obJectlves, any target could
also contrlbute to other obJectlves. For example, the target'of increasing
: water supply tovlncrease the net value of agricultural.production in the
Okanagan ohviously'eontributes to the economic.development objective, but -
also may contrihﬁte to:environmenta; quality through the preservation of
green spaces (diversification of landscapes).and to thejsocial well-being
objectime through maintaining emoloyment and thefefore incomes to family'
farmers. h ' | |

It is importantdto understand at this time that the merit of
achieving the water resource targets listed below should be evaluated in .
terms of all of the multlple obJect1Ves.> Under the more traditional benefit-
cost analy51s,-targets were evaluated 51mply in economic terms,‘i.e. whether
they contrlbuted to an 1ncrease in net reglonal (or natlonal) income, and

dec151ons were based upon the performance crlterlon of max1m121ng net beneflts.



Under multiple;objeetive planning, each target shoﬁld be‘evaluated;in

\terms of economic growth, env1ronmental quallty and 8001a1 well—belng,

~@nd d60131ons w1ll have to be based upon a compllcated trade-off performance

criteria whlch hopefully will max1mize “het social welfare (see_section on_

decision-making). .

Listed below is:a preliminary statement of water resource management

targets, all of which are explicitly or implicitly stated in the Okanagan

Agreement.

1.

2.

3.

5.

60

To meet agricultural watertsupply needs in the'Okanagaanasin to

the year 2020.

‘To meet domestic and municipal water supply‘neede in the Okanagan

basin in the year 2020,

To ﬁeet‘indqstpiel water supply needs'in the Okanagan basin to the

year 2020, | o

To provide adeduate”water quantity aﬁd Watef,quality_to satisfy water-
ofientated recreatiodéi demande.fpr the Qkanagan basin‘to.the year 2020,
To provide all communitiesiahd individuals: in the Ckanagan basin with
adéguate protection from fioods te the year42020‘ |

To prov1de adequate lake and river levels 1n the Okanagan ba51n to
support Water based transportatlon. |

To preserve, protect, manage and enhance'fishefjband wildlife resources

in the Okanagan basin to meet the commercial sport and aesthetic demands

‘of the people in the basin.

To preserVe, protect:andVéiﬁénce_natural.and cﬁltpral landscapes in the

" Okanagan to meet the aesthetic demands of the people.in the basin.

U



ngCjTo proﬁide optimum water quality standards ih;the Okanagan basin
to meet the needs and desires_of the people -in the basin.
10. To prevent and protect against water induced erosion in the

Okanagan basin to the year 2020.

In.efféct fheh, water resource targets répresent all relevant -
uses of water fesources in the Okanagaﬁ basin which may ultimately contribute
,t% the achievement of the multiple objectives. Thus, targets should not be
identified until the Consultative Boa?d has agreed to a set of precisély
.stated, non-overlapping multiple o?ﬁéctives. I:see it as a function of the
strategic level of decision méking, represented'by_the Okanagan Study
Committee to decide upon targefs and for them to obtéin'feedback on these

targets from the local agencies and organized groups in the Okanagan.

Specify Sub;Targéts and Water Requirements

As defined ét the beginning of fhis'paper,’sﬁb-targets are specifiéd
* elements of targets and are usually related to spatial components of the

water resource.sjstem. Figure 2 indicates that an array of‘sub-targets_can
only be specified once economic growth studies and other demand studies have
.‘been ‘completed éndv the capabilitj of the exié:ii?ﬁg resource base to meet these
demands has béen assessed. For‘exampie, thefe may well be a need to improve
water quality iﬁ tﬁe Okanagan basin, but that need will likely véry from one
lake to ahother-andvtherefore specified water Quality sub;targets may have

to be_establishedito look at each cdmponent of the water resource.
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‘Each sub-target must contain specified water éﬁantity~and water
quality criteria and én'éppropriate time dimension. Possibie qualitativé
examplés of the éssociated water quantit&, water quality, time and space
requiremenfs are indicated in Table 1. In the case of many targets such
as i;iigation,.recreation and fish and wildlife management, important related
land requirements should also be sfecified.'vbf éoﬁrse, the physical criteria
outlined in Table i.only represent part of the gvalﬁatiéh process, for each
sub-térgét would also Ee evaluated in terms of the.multiple objectives to
enable trade-offs to be deﬁerﬁined when conflicts for scarce resources occur,
The crucial steprof”eﬁaluatiggfgyb—targeﬁs in terms of the'multiplejobjectivés
leads me to a discussion of the concept df benefits and costs, delt with in

the following section.

 Identification ofABenefits and Costs

Once the sub-targets have been specified;in terms of water fequire-
ments, pr@jects can be devised under the pianning cdmponent Whérever the
existing water &gnd related land) resource cannot meefithese'requirements.

As defined'eafliér,.érojects represen£ any water fesourcé management means,
either structural or non-structural to meet a éub-target.

Associated with each project are a number of benefits and costs
each expressed in terms of one or more of the mﬁltipie objectives. The
important concept of benefits and costs in comprehensive planning is that
they only héve méaning when they ¢learly relate to the mulﬁiple,objectives.
Benefits are defined as'pésitive contributions:to the attainment of objectiQes

and costs are defihed_asrnegative contributions to specified objectives.



TABLE 1

EXAMPLES OF WATER QUANTITY<\WATER QUALITY SRACE

WATER RESOURCE TARGETS

AND TIME DIMENSIONS ASSOCIATED WITH

Water Quantity '

Water Quality

: ‘ Spatial Time -
Target .'Requirements Requirements Requirements Requirements
Agricultural appropriate water . Monthly irriga-
Water Supply acre feet quality standard Sub-basin tion season
Industrlal : | appropriate water , " monthly
“Water Supply acre feet qqality standard - ‘Sub-basin all year
Domestic & ' appropriate water
Municipal : quality standard . Sub-basin all year
Water Supply acre feet ' ‘
Recfeatibn ' lake levels, appropriate water major basins monthly
' stream flows : .quality standard Sub-basin all year
Flood Control lske levels, " N/A Sub-basin daily all
stream flows . year
Navigation .-lake levels, N/A Sub-basin daily
' stream flows . L all year
Fish & lake levels, ' appropriate water daily
Wildlife stream flows’ . quality standard - Sub~basin all year
Erosion lake levels,. - : - monthly
Control stream flows - Sediment loads Sub-basin all year
Water lake levels, appropriate’. for , daily
Quality stream flows . iall uses.. - s Sub-basin " all year
Scenic lake levels, " ippropriaté daily
Aesthetics  stream flows, water quality all year
' related land for aesthetic
' Sub-basin

resource.

demands.




Z%hgs'there canvbe economic development benefits and costs, environmental

' quality benefits and costs and social well-being benefits and costs.

Using the example of an agricultural water supply target and its
sub:target of -supply X acre feet of Y water quality to the Mission Creek
sub-basin in the Okanagan, several possible projects may be conceived to

-meet this demand. For each project, economic benefits may be identified'
as the‘net value'of agricultural.production returned to the additional
.water supply. In addition, the sub—target will create a. number of acres
of 1rr1gated landscape, which might be valued by the local public as
environmental benefits. On the other hand, if the water in Mission Creek-

. was able to support a sportjfishery should no diversion for ifrigation take
place, the loss of this fishery must be accounted as an environmental cost
and'as'such<weighed against the economic benefits (and other benefits)
accruing’to irrigation deveiopment. Examples of benefits and costsb(expressed
in qualitativetterns at this stage) for possible targets are shown in Table 2.

| From the example qugted above, it should be realized that not all
of the consequences of alternative projects will be duantified in economic
terms, but that there w1ll be other consequences assocﬁated with the
env1ronmental and social well-being objectives that are often referred to as
1ntang1b1e, non—quantifiable, aesthetic or social impacts. To date these
benefits and costs have ééfély been explicitly 1ncluded in decision maklng
because they have not been quantified in monetary terms and: therefore have not
appeared in the benefit-cost analysis. Indeed, in many cases, it seems
inappropriate tO'quantify such’intangibles in monetary terms. Therefore,

Atraditional benefit-cost analysis has not been able to weight all the pertinent

information in decision-making and while it may maximize economic returns in

resource investment decision, it does not necessarily maximize net social welfare.
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- TABIE 2

EXAMPLES.(F EENEFITS AND COSTS ASSOCIATED WITH WATER RESOURCE TARGETS

Target

Economic Growth

Environmental Quality \

Social Well Being

Agricultural
Water Supply

Industrial
Water Supply
Municipal

Water Supply

Hecreation

Flood Control
and Management

Navigation

Pover

. Fishery and
Wildlife Protection
_ and/or Management

‘| production of agricultural
| output;. secondary benefits.

'Expenditures'pf>fecfeation—
ists; commercial value of

.productity; economic
opportunity costs. -

Increased or more efficient

Increaéed‘or more efficient
industrual output; '
secondary benefits.

Service to increased.
population; land value
enhancement.,

Expenditure impact on regional]
economy; land value
enhancement.

Reduction of flood damage
to existing and future
facilities; land value
enhancement; secondary
benefits; economic
opportunity costs..

More efficient
transportation of goods.

Market value of power
supplies. '

fishery and wildlife resource;
more efficient resource

land scape diversitys;
fruit picking

experience; eco-system

management, -

water quali@yideter-
ioration; saesthetic
benefits or costs.

lawn sprinkling;

golf courses; open
spaces; urban parks;
water quality deter-
ioration :

aesthetics of

recreation enjoyment;

expansion of
recreational choice;
overcrowding of
facilities.

"erosion controlj

aesthetic value of

| land-zoning; impacts

upon eco-systems.

Impact on eco-systems.

aesthetic impacts;

-impacts on eco-systems.

aesthetic value of‘
hunting and fishing;
wilderness values;

land scape diversity.

[

diversified economy;

family farm income;
rural development;
stabilization of

incomes.

benefits accruing
to identified
disadvantaged groups

‘urban crowding;
health and
sanitation costs.

1 increased opportunit

for identified
-disadvantaged groups

increased feeling of
-security; stabiliza-
tion of incomes and
opportunity.

stabilization of
incomes of certain

groups.

inecreased recreatioﬁ
al opportunity for
certain disadvantage

_groups; more divers-

ified economy; optioc
values. -

continuedo . o esecoce




TABLE 2 (coﬁtinued)

Target

Economic Growth

Environmental Quality

Social Well Being

‘Erosion Control

Preservation or

.Enhancement of.
Aesthetic Land
‘ scapes.'

Water. Quality
Standards

Improved resource S
productivity; land

enhancement.

vEconomlc opportunity

costs forgone;

recreatlonal expendltures.“

‘Economic opportunlty costs-g
increased resource
- productivity.

water quality
“improvement; aesthetic

impacts; land scape
diversity.

aesthetic enhancement;
wilderness values;

land-scape diversity.

aesthetic_impacts;f
increased choice of
watér-uses.»

‘option' values.

health haiard contro

‘increased opportunit:

for 'latent'
recreational demand
for certain groups.



 Depending upon the definition of the obJective, benefits and costs
: may be. expressed 1n one of the follow1ng categories.
N 1 benefits and costs that are ordinarily valued on the market andn
can be expressed in monetary terms. |
2. benefits and costs that‘are not valued on'the market but'can be
expressed in quantitative units eg. phyﬁical units (number'of fish)
: or'social unitr (employment opportunities) |
. 3. benefits and costs that. cannot eas1ly be quantified and are}eXpressed'
| by qualitatiye description or a social preference 1ndex;.
Obviously, in a comprehensive analysis of the effects of water
:resources development, some basis must be:established for evaluatiné ands
,fcommunicating to the decis1on maker both the monetary and non-monetary

"consequences of alternative prOJects and ultimately of alternative comprehen51ve
‘plans. - To establish_this, four important aspects of the problem should be

‘;considered. .These are (a) the quantification and separation of monetary and
non monetary consequences measured in terms of the multlple obJectives,

f(b) the v1ewp01nt of the decision—makers' (c) the 1nter-personal distribution
_of benefits and costs and (d) the time period of analy51s.

~(a) Quantification- Ir alternatives are to4be compared in a rational

manner, their relative advantages and disadvantages must be quantified.
As has been;stated before,-the units for quantification should‘be stated
"in’ the multiple obJectives and impacts of each alternative should be
'measured and evaluated 1n these units wherever p0551ble. This paper does
not detailphow the env1ronmental and,SOCial Well-being units should be
defined,:but Bishop (1970) has developedaa'scheme of 'factor profiles'

which enable the monetary and non-monetary'conseq4§nces to be weighted

against each other and to allow trade-offs between alternatives.



(b) V1e2201nt The Spatlal viewpoint from Whlch progect ‘and compre-
hen51ve plan 1mpacts are evaluated is- of fundamental 1mportance,
especially as the comprehenslve rlver basan agreements undertaken
under'therCanada'Water'Actwinvolve both federal and;brovincial_govern%
f-ments;A The viewpoint, for'evaluating'the positlve.(benefits).and
negatire (costs)-impacts of water‘resource plans may(ﬁell differ
between the reglonal, prov1n01al and federal levels of government.
‘For example, 1f, as . the direct result of augmentlng the supply of
water 1nto the.Okanagan Valley, a pulp mill was to locate in the basin,
. then from a reglonal v1ewp01nt, the economic and soc1al beneflts and costs
”to the reglonal economy stemmlné from the mlll should be attrlbutable
to the 1ncreased water supply.’ Ir, however,lthe mlll would have located
elseWhere in British éolﬁmbia, then.from a Provincial viewpoint no
beneflts or costs accrue to the Okanagan as’ the de0151on of the mlll to
locate in the Okanagan 51mply becomes a re-allocat1on of resources. with-
1n the Prov1nce. Slmllarly, from a natlonal v1ewp01nt, 1f the alternative
' locatlon of a mill would occur elsewhere 1n Canada, then agaln the
dec1s1on‘to locate'ln Brltlsh Columbla reoresents only a re-allocatlon :
of resources,“ |
» The problem of v1ewp01nt may also ‘be 1mportant at a regional
level as. the Okanagan Ba51n Agreement exp11c1tly states that the
evaluatlon of alternatlves will be expandedvto,cover impacts on neigh-
'bonring arease Thus,'if improved water quality stimulates the recreation
'botential of the Okanagan basln and captﬁres a demand that mould other-
vwise have momed to the Shuswap Watershed, then these recreational
opportunities.foregone.in the Shuswap shouldlbe included as a cost in

the evaluation matrlx.

" The Okanagan Ba51n Agreement was signed in October. 1969 prior

to that of the Canada Water Act which came 1nto effect in May 1970.
. . 22/_ ’ :



tIt is also likely that as the viewpoint adopted invthe analysis broadens,

some of the secondary effects tend to cancel each other out. For

~jexample, secondary benefits accruing to 1ncreased agricultural production

()

"such as an expansion 1n fruit processing 1ndustry may be a re-allocation

of resources that . may >otherwise have 1ocated in the Niagra Peninsula
in Ontario. Generally speaking, as the spatial scope of the analy31s
increases, evaluation ofpplans tends to rest more directly with primgry

benefits and costs and is less concerned with secondary effects.

Inter-Personel histribntion'of Benefits and Costs The distribution of
benefits and costs from any project and the redistiibgtion of opportunities
are important considerations:especially because the multiple objective

function explicitly identifies these, impacts in terns;of per capita’net

_ income, employment and other opportunities. Not only should these re- .

distribution. effects be 1dent1f1ed and quantified however,,but the“dec151on-

makers must measure what value society places upon the distribution of

gains and losses. This principle emphasizes the importance of a broadly

‘based institutional structure interacting on decision-making. If the

analysis were to be restricted only to the local level, Okanagan residents
will obviously prefer any plan that increases their welfare at the expense
of other-regions. Thus,_this spproach willlrepresent the weighting placed
on redistribntion of opportﬁnity by Okanagan residents, but not'by all
British Columbiens or by all Canadians.' Obyiously, provincial and federal
decision-makers will have to provide their oﬁn.weightings from their

respective viewpoints before a decision can be made.
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‘(d) The Time Period -When analysing the alternatives the oistributiOn‘

.of benefits and costs over time should alsone taken ihto account
(6'Riorden, 1970) An appropriate discount rete must‘be oetermined
-and applled to all beneflts and costs, though changes in the relative
value of outputs should be given special con31deration. The time period
of ane1y51s-should be carefully chosen to avoid b1a51ng either short<

“or lohgtterm effects unduiy.

It is worth mentloning here that. both the spatlaluviewp01nt and
tlme period or hormzon w1ll drastlcally affect the analysis in selectlng
and evaluatlng the beneflts and costs of alternative plans, Both of these
variables need to be clearly specified before.the’yarlables aretquantified,
aud probably a.complete'evaluetionAwill'require‘sensitivity anéi&sis in
which a mmber of ahalyses’are performed for each plan using different

_ viewpoints and planning horizons,

Evaluation of Alternative Plans .

" Once a numberlof projects have been‘identified‘and their impects on
the water-resource and social systeﬁ ofbthe Okanagan assessed, the institutional

agencies should aggregate a number of projects 1nto a comprehen51ve plan that A

lrepresents an 1ntegratlon of water management and development alternatlves to
achieve the multiple obJectlves. At thls point; an eyaluatlon matrix, based

on the gOals;achievement hatrix deueloped by_Hill (1967) islproposed as_the

necessary tool to implement comprehensive evaluation anelysis of.alternatives.'-

2 -
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. A conceptual model of an evaluation matrix for one alternative

| plan isvnow presented (Table 3). To develop the model, the following

information is required:

1.

2.

3.

.5.

_7f

A set of functional objectives 0;, 02, 03 ........;Oi
An;agreed system of weights for each objective

Wy, Woy WaeeeaoadW (see section on decision;naking).

A set of targets and complimentary yater resources needs tox
achieve the objectives T1,T2,T3ee0cseTy

A set of sub-targets to achieve each.target

Tll’TlZOOQQOQTij; TZl’ T2200.0T2m000toTil’TizooooooTin

A set of water resource projects to achieve one or more sub-targets.
(P1315P1320 -+ Pyjic)s ete. |

A complete account of benefits and costs measured in terms of the

achievement of a target for each objective (B111s BllZ"°Bijk)

(Clllo XX .Cijk)

'In some cases, benefits and costs may be represented by expected

values or a'range of values to account for risk and uncertalnty.

The 1ncidence of benefits and costs on each relevant group in

the communlty and the relative weight attached to each group.

In the table, a vector of targets (I;) is established to achieve.

all of the multiple objectives to be attained by water resource management;

-For.example; one such target, say Tl, might be to meet demand for agricultural

Awater supply in the Okanagan basin to the year 2020,
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Theré may be a humber of sub—ta:gets (Tij) to meet sub-basin:reQuiremehts
for Ty, such as the devélopmeht of agficuitural water supply in the Mission

Creek watershed to meet future agricultural water demands in that watershed.

For each sﬁb—target, le, there may be a number alterﬁ#tive methods 
éf supplying the water, Eothlstructural solutions (reservoirs, groundwater
wells) and for managerial solutions (pricing éf‘ﬁater; watervlicence‘transfers),
These altérnativefmethodssare»repreéented by a vector of projects (P11k) for
target Til and Qéétor (Plzi) for target Ty and so on. Associated with each
projecf are beﬁefits and éosts, which may be defined in monetary, other
quantitativefunits or in qualitative terms as appropriate. The vector (Bilk)
,represénfs the Eenefité aéquiéfed with projects (Pllk) required to meet
sub-target Tll and'the vecfor (Cy7x) represents the costs associated with _

implementing these prqjects;

.The'externaliand/or joint benefits and costs associated with any
project that directly or'indirectly affect values associated with other
objectives are also noted in the evaluation'matrix.. In the examplé describéd
abové, Tyy was defined as the need tovsupply agricultural water in>the'Missi6n
Creek suB;basin; P111,1P112 """Pllk. are various storage reservoirs and
groundwater wells thafbpould be developed fo supply the water;'Blll,Bliz....Bllk
are bénefits due to inéréased or more éfficient agricultural production,
Clll,'ailz.....cllk are>the costs of constructing and operating the reservoirs
or wells and C2111 is the external cost resulting from the fact that project

Plll,deStroys a potential sports fishing resource.
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| A;l direct and indirect social costs and benefits are(reéorded
Haccording t6 thevro1eVant objoctive. A dash in a cell implies‘thatvno
| cost or benefit 1s relatetho'that objective if the assdciétéd project
18 implemented. The major advantage of this qccoﬁnting system is that
ail;étfects --intérﬁai and external-- are éxplicitiy Shown,accorQing_tq
their'apprppriate objéc?iié.;.ﬁlihoﬁgh for éeftainvobjectives all benefifs
and costs might be in thévsame uﬁiﬁs~and therefore can bé summed and éompared,
in.most cases, the benefits ahdvcosts will be in different units which will
make a grand benefit-cost,qumﬁation impossibie.
»An.evaluation;matrii such as tﬁe one‘shown,qonceﬁtually in

Table 3 should. be. prepared for each’alternétive.plan. Beca@ge thg méasure-
~ment units of benefits and costs ih eagh cell will Be similar; it should be

possible to directly compare and therefore, rank these alternative plans.

Decision-Making in Multiple Objective Planning

The application 6f the evaluation matrix approach in“comprehensife ‘
planning has_q nuhber.of important implications on the institutional compohent
of the planning_pfbcess,vthe,most important being the need to develop a new
. strategy for dec‘i‘sion-making. In the past, under cost-eff ect:.lv:enes_s and
benefit-cost analysis, decision-making was effected by the choige_of;the

least costly alternative or by the l&rgest bqhefit-cost.ratio and few add-
itional factors were taken into consideration. Even under the more elaboraie'
economic analysis undertaken'for multi-purpose planning, deéisidn—makers were
asked to compafeAand.’trgda-qff’ between different outputsv(irfigatioh; flood-

control, etc. ), all of which were expressed in the same unit, namely dollars.
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This concept of multiple-objective planning complicates the :
j decision making process beceuse economic benefits expressed in monetary
terms have to be compared and weighed against social and environmental

benefits uhich are not necessarily expressed in monetary values. Thus

'--the key to plan evaluation is to devise a rational weighting system 80

'that all objectives can be compared simultaneously. In addition, the decision
making strategy should also accomodate incremental analysis whereby the‘ |
decision-naker can assess the impact.of msrginalladjustments in project

size or resource use, In like manner, provision should be made in.the
evaluation of each. major alternative plan to assess the contribution of

each individual project to the achievement of objectives on a sequential

or incremental basis. In this way, various contributions of . projects could

be examined to determine which combination uill make the largest contribution
to net soclal welfare,

Theoretical trade-off functions_have heen developeddby some
economists (Marglin 1967, Major, 1970), but in practice it is doubtful
whether these can actually be established. Furthermore, because:decision—
making will involve .both senior levels of govermment, thevlocalplevels
of government and the pnblic itself. it seems inappropriste,to‘attempt.to
devise complex trade-off functions. A more.practical‘strateéy based‘on
the theory of games appears to be more appropriste whereby, eech‘participant
in the decision-making process develops his own weighting systen and'then
approaches the other participants with a bargaining position. .In the likely}
event that the different levels of government will present different weighting
functions, a process of bargaining should be initiated to resolve this_initial
conflict, based on the principle that all sides may have to give ground in

order to gain ground.
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Gains are made incrementally and realized only slowly with the objective
of the game to achiéve what is desirable by searching for consensus between
all parties (Chevalier, 1969).

| This approach tb decision-making is‘relativeLy,untried in basiﬁ

planning and will féquire a great deal of commitment and understanding oh

the part of the decision-makers as well as a strongvlinkage with the publie
through a well-organized publié participation progrémme before it will be

effective.

Conclusion

Social welfare is defined in this paper as a combination of
‘economic, environmental and social objectives. The traditional concept_

of benefit-cost analysis based upon the superiority of the market place

" under competitive conditions as a dominant measure ofivélua will not be

a suitable péfformandé criterion to achieve maiimﬁm.§o¢ial welfare. I£'i$
most likely to approximate the achievemenﬁ of maximum economic welfare for
those ptojects whose outputs ha#e‘uall—defiﬁed benefits and costs subject

to monetary evaluation, but itv appears likelj to be an inefficient resource

allocation tool for those projeété.wherg environmentai and social well-

being objectives ara'explicitly stated.

Because society has a definable welfare.fnnction-vhen its values

can be expressed according to the market mechanism (real or simuiated),

‘benefits and costs will be quantified #n monetary terms ﬁherever possible.

But it is recognized'thht.society does not have a clearly defined welfare
function for certain ehvironmantal quality aﬁd other social values, . as

indicated by conflicts over'local recreational and environmental issues,
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The professional anélyst has no right to dictate these values, butlinstead
must attomptAto determino.ﬁbre'accurately-sociéty's Hell being aﬁd' |
environmental pquefencéévﬁndlvalues. Optimum social welfare can be
hchieved.tﬁrough sﬁccess;vé trad;-offs,betﬁeenthé thfeé broad objsctives
according to economic, sociql ﬁnﬂ political criferié.A.

| The evaluation.and.deciéion-making,proéeés is complex, but that
is in keoping withlthe-concépt of comprehénsive planning. FWhile the appfoach
chosen in this paper does not result in a single numbér outcome, as in the
case of the more traditional benefit-cost anaiysis,itfis'méré responsible

to the complexity of the copsequeﬁces 6f comprehensive river basin planning.
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