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. Executive Summary .

This study isin response to the Refarence
from the Governments of Canada and the United
States of August 1, 1986 which asked the Inter-
national Joint Commission “'to examine and

report upon methods of alleviating the adverse

consequences of fluctuating water levels in the
Great Lakes — St. Lawrence River Basin™. This
progress reportis Phase | of the study, which

-consists of this Exécutive Surmmary, the Main

Report, and seven subject-specific Annexes.

Among the valuable conclusions reached in
Phase |, the most significant discoveries arose in

* defining the problem, its ongins and its current

context. Whereas the study began with the aim,
generally, of exploring, analyzing and reporting
on ways of alleviating the adverse consequences
of fluctuating water levels, and, although it pro-
duced substantive results in this regard. it alsc
extended understanding and discovered new
dimensions of themes recocrmmended, but not
fully explored, in earlier reports of the Interna-
tional Joint Commission. These include that the
essence of the nature-human complex is ines-
capably systemic; that an ecalogical dynamism
daserves priority consideration before taking
any action on water level fluctuations; that mis-
perceptions and misunderstandings of the water
fluctuations phenomenon and of our ability to
affect it abound; and, that the extant bi-lateral
and hierarchical governance poses impediments
to concerted and coherent collaboration.

At a certain risk of oversimplification, the

- meaning and significance of these discoverias

can be summarized as follows:

* The systemic.esserice of the nature-human
complex means that specific measures aimed
at affecting system-wide water level fluctuations
are probably futile. It signifies the need for
a fundamental change in the conventional

.aporoach to alleviating adverse consequences,

. Ecoldgical dynamism means that the lakes
are not an infinite resource, which can be ex-
ploited without constraint, and that they are



sensmve to human activity, potenttally confound--

ngeven well- intended actions by,unexpécted
“and undesired side effects. It signifies the
_.need for greatly expanded analysis of ecologi-
cal. effects in the context of govefning acttvrtles
on the lakes:

R Mlsunderstandlng and mtsperceptlon of -
the problem mean that. governments.need 10

' undertake_broad and multifarious programmes ~

to inform, the public about water level fluctua-

" tions'and their consedquences. These misunder-

standings-and misperceptions signify that the
expectations and desires of public.and private -
interests, once informed, could change radtcally
. from-those. that prompted this study

_ .. Impedlrnents due to. the nature of Current
governance means great dlfftculty in réaching

‘agreement at any level on policy regarding’

measures to allewate adverse consequences of’

_ fluctuations, muchless in taktng concerted

bi:lateral or-multi- lateral action. They sngntfy
~theneed for a commaon strategy for the Great

- Lakes—St. Lawrence Ruver Basin and for new -

-and rnnovatrve fora to effect. polrcy andpro- .’

gramme forrnulatlon
Certain fund'amental factors are important '
to'a general understandtng of the nature of -

~the problem:, .

Levels and flows of the Great Lakes—St.

Lawrence River System are never constant. The're B

) have been record lows in the 1920’s, 1930's and
1960's and record highs in the 1950, 19705
‘and, mast recently, in"1986. The lakes also flug- -

 tuate seasonally Many studlies have indicated” .
“that human. interventions. have relatively minor

. impacts on fluctuations in comparison with-nat-.

“ural forces, and that storms induce-the most
drafatic changes in local levels.

By and large. static'levels are determined
by the differences between riet basin suppltes

(overlake prempttatton plus. |nflows minus evap-. '

oratlon) and outflows: Whennet supplues are
-larger than outflows, alake will-rise-and vice .

versa: Major chariges in levels require a trend
in supplies over months or years. Thé recent

- “highlevels of 1285 and 1986. for example, were
« caused by conStstentabove -average precaplta- ' _
tionin the Basin. Locallevels generated by storm '

" conditions, ofcourse oceur within hours. Pre-
dicting changes in Ievels is rade difficult, if not

|mpoesrble, by the Unrell_ablllty of long- term su_p-,

pl\r forecasts. Short-term forecasts, while more.

accurate, allow little time toreact, Also, short-term
forecasts are of:lit:tle help in either predicting or  ~
dealing withrlong term trends in fluctuations.

Shoreline erosion, of major concern to some

.interests, is the result of dynamtc natural pro-

cesses, somettmes exacerbated by human acti-
vities, such-as shoreline structures. They shape

_the contours of the'shore, accordtng toits geo-
-morphology These processes. are affected to

varying degrees by fl_uctuatlng water levels,
especially the local exaggerafions from storm

‘surges. For many shore types, however, fluctu- '
- ating water levels have little efféct on long-term.

recession rates. Better knowledge of shoreline - '
features would'enhance the ability to project
effects of changing levels and flows on erosion. -

. Besides the problem of erosion, fluctuations :

. affect: drfferent groups of people {heretnafter o
lnterests) in drﬁerent ways. ngh levels are feared
". by shoreline property owners. Low levels ham-

per recreation, constrain hydroelectnc power

“production and jeopardlze commercial shipping.
“-On'the other hand, fluctuatrons are considered .
3 beneficial for the énvironment. Further complt-

cating this: prcture is'the fact that mterests aré.

'dlfferently affected when levels are extremely
"high or Iow thatiis, outside a generally accepted

band: I\/Ioreover a par‘ttcular interest may have

-objectives at one location whtch may conflict
" with thelr objecttves at a dlfferent Iocatton

‘Currently,_govern'rnents 'Ia_c‘l< the tools to f‘- :
measure these effects oq.interests in a system: -

. atic way. Past atternpts, which have |nadequately -

considered the systemic. complex and ecosys--

tem dynamics in allewattng adverse conse-’

quences 1o a partlcular interest in a specific

locale, are construable as-futile in the systemic

perspec:tlve Also Iackrng is comprehensrve and
coherent agreement on how benefits and costs.

" - of government action should be distributed- -

and shared. A systemic approach, by contrast,
must encompass the interrelatedness of the ~

_-parts; dynamic change, and the inevitability
of new and unexpected concatenatrons of all

influential factors
T‘his 'study poses & watershed in understand-
ing of-the problem and’in evolving an approach

to concerted and Iogtcal actton

Ftrst Phase | |dentlf|ed the pnorlty goals of

- deveioplng a set of pnnmples to gurde dectsron‘




making, a ’strategythat could educe coherent
and effective government action and a method-

" ology torevaluatlng measures for specific, Iocal )

scenariosin a broad and systemlc context

'Work towards.these‘goals has begun, pro-

' 'docing the fallowing:.a preliminary mapping of

interrelations among coriponents of the natural

-and hurnan systems; indications of the positions

held by interests; and a coalescing sense’of
need for.an overall strategy of governance. Par-

_ ' -allel to this work possible measures have been’
' catalogued and a methadolagy drafted for eval-.

uating'them in an orderly and ofganized man-. R
ner. It will be important in Phase Il toensure. . -

" cohérence and consonance among guiding prin- -

Clples an averall strategy and the cr|ter|a used
in evaluatlng measures ' :

Secondly, Phase I 'also conclddes that mea-

_sures.particularly combinations of measures,
‘may have high potential for alleviating adverse. -

consequences at specific locales. Discoveries

-concerning systemic context, ecelogical dyna-

mism, public misunderstanding.and governance
impedimeants do not converge to rule outthe -

" potential utility and broadefticac_yof solutions
tailored to unique, local circumstances. The tax- -

ohomy of'possible measures and the draft eval-

" uation methodology relate |mpacts of fluctuatlons;

to generic interests and suggest groups of cer-
tain measures; thereby expanding our under-
standlng of the overall problem :

.Phase |l shall alm then at four oollectlve
objectlves '

* -a set of binational pnncrples as guldes for .

decision-making;

~an.overall strategy and- general plan of -

. action;

=improvementsin governance

~refinements in.understanding of crltlcal
aspects ofthe system.

Included under these rubncs specific topl-
cal objectlves will be accomplished, such as
improvements.in_existing: Regp]a_toryaPlans.and
creation or refinement of analytic-tools, such as-
a Geographic Infotmation System. Priase Il will
also describe prototype remediés, consisting of

. - sets of rneasures, suitable for generic local set-
tings. such as urban water fronts, areas of dense

recreational uSe-and environmentally sensitive

" orvulnerable sites. As. requested, an |nformatlon/
-communication programme for governments '
~will be- developed g oo

The base built in Phase | of this, study wil
assurg thé success of Phase I): The issues are

B defined and many of the potentlal solutlons can
: already be seen in outline. The task of Phase Ii
willbeto brlng these beglnnlngs to fruutlon and

thereby, to'give governments in future decades :

clear guidelines for the management of the water
__Ievels and flows of the Great Lakes—St. Law-
“rence River Basrn



Foreword

On August 1, 1986, the. Governments of the
United States and Canada asked the Interna-
tional Joint Cormmission to examine and report:
upon methods of alleviating the adverse conse- -
quences of fluctuating water lavels in the Great
Lakes — St. Lawrénce River Basin. In the Comn-.

mission’s Directive of April 10,1987, the

complexity and unpre.cedente'd‘scope. of the

Referenice was clearly recognized. In ordér to

atternpt to carry cut the task assigned, the study
was organized under a Project Management
Team consisting of two co-chairs, two deputies

. of the ce-chairs, two lead:staff from the Com-
-mission and co-chairs of five functional work
- groups. The present report is an interim, prog-

ress report of the Project Management Teamn,.

At the time the- Ffeference was received,
water levels of the lakes were at or near recorded
highs for this century which led to an initial

_ emphasison high water levels and interim emer-

gency-actions WhICh could be taken to. brlng
relief to interests harrned or threatened by the

high levels. An interim task force deait with the -

emergency situation existing at the time and the
study team addressed the long-term systemic
issues associated withfluctuating water levels
and flows.

From the b.egi'nning. it was recognized that

- most of the issues associated with fluctuating

levels and flows in this international system werg
compWex and mterconnected and werenot ame-,
nable to single, one-time solutions. However,

" as the study progressed, it became apparent
‘that one of the prerequisites for managing
-water levels issues oyef the long-term was a
‘better appréciation of how fluctuations. in levels

and flows influence the relationships between
humans, their institutions and the Great Lakes
—St. Lawrence River System. 1t was also recog-
nized that some short-term acnons intended to
allewate adverse consequences couldin reahtv
increase overall susceptibility to fluctuatlons in

_Ievels and flows.’



Study partrcrpants were aware of the Com-
__mission’s previous reports on regulation of Great
- Lakes levels, which have. encouraged appropri-
ate jurisdictions to institute improved shoreline
,management practlces They also kniew that
these earlier studies had nothad a great deal of :
influence. There was a clear sense that thrs '
“study must be more than an updated yersron of
earlier studles

“The Specrflc tasks and questrons raised
' |n the Reference continued to serve as remind- . -
ers.thatthe practical questrons needed to be.

e addressed Atthe sametrme the increased

) foous on long- -termn consrderatrons allowed for
reflectlon and re-thinking. As the study devel-
~ oped, the mformatron |deas insights and peér-
' spectives that emerged i in the functional work
groups led the Project Management Team to
‘consider other matters which-it saw as being

. - relevantand, m thHe minds of many, essential tor

‘the overall purpose of the study. |n a very real
. serise, the study has: been a Iearnmg process-

. that has focussed as much on clarrfyrng the

thinking as it has-on data.gathering toanswer -
specific questions. Some might. argue that the
primary contrlbutron of this first phase of the
study has been to: redefrne the basic questions

. and tasks which need to be addressed if our . '

two nations areto find workable ways-of man-".
aging t_h.e issues associated with fluctuatnng‘
water levels and flows in the system.

This repont reflects these different. butcom-

plermentary approaches. Some of the issues
raised were brought a long’ way toward ‘comple-
- tion: others require more timé a_ndres\.o_urces :
~ than were available for the first phase-of this
_'study. This is, then,-a progress report, which,
. together wrth its” annexes reflects the workthat
was completed in response to specific-under-
‘takings identified in'the Reference, the Direc-

tive, and the Plan of Study. At the same time, the - .

report reflects the,considerable effort directed

at identifying and addressrng questions which

_ were not always identified in earlier documents.
Many of those.involved in the. study saw this -

reformulatnon of somie of the basic concepts, |
questions and tasks as.essential steps in- -

' developing an overal! understanding-of issues.
associated with fluctuatrng water levels, These
reformulatlons are areflection of thie evolving .

nature of the study and will, it is hoped, prove to
be a substantial oontnbutror_r to addressing the

“issue of alleviating the adverse consequences

of_ﬂuctuatilort_s in water levels and__ﬂoyy_s inthe
Great Lakes - St: Lawrence River Basin in its

- broadest sense and to posing the challenges for
- governments arising ‘out of these consequences.




| Study
Backgrou nd

- The: years1985and‘1986will'long bere- .

' membered by. the tnhabltants of the shores of 7
the Great Lakes.as a time of high water, floods. .,

frustration and bewilderment at the behaviour
of the water levels on the huge inland lakes :

- which contain one-fifth of the ‘world's supply

of fresh surface water. Some saw their homes’

swept away; others watched the Iarge wetlands

inundated and replenlshed for fish and wildlife;
some worned about municipal roads and prob—

{ems relating to the operation of sewage.

treatment plants; others produced additional |

_'hydropower and transported goods more eff|~
ciently. It was those who sufféred damage how- @~

ever, wha were most upset bythe extremely:
hrgh water. levels and it was their voices whrch
weré heardin the government chambers of -

‘ both the Unlted States and Canada

On August ‘l 1986 the.United States Depart—' _

ment of State and Canada’s. Department of

: External Affairs issued separate letters to the .
. Internatronal Jomt Commission requesttng that

the Commrssron examine and. report upon

methods of alleviating’ the adverse consequences

of fluctuatl_ng water levels in the Great Lakes — St.

‘.Lawreh_ce R'iver B‘asln:” (Lake Leve/sﬁeference) 3

] The concern about penodlc vartatlon of water '
Ievels on'the Great Lakes was. nelther new nar -
© simply a response to. specrfrc regional. pressure

Use. of the waters of the Great lakes — St. Law—

l 'Cha'pte‘r.‘- .

rence River Basin. as shown in Figure’ 1,has
beenof historic |mportance in the economic
and social development of the région.. The beng-.

fits of deep draft commetdcial navrgatton cheap
- hydroelectric energy, ‘and thé concentration-of -

huge mdustnal production have all been reflected -

- inahigh standard of living and have been made o

possrble through the development of the: water
resources available withinthé Basin, This focus :
on development regulatlon and COntrol constr-' .
tuted the hlStOl’IC attitude toward the resource '
and.is reﬂected inthe 1964 request by the two
governments to the International Joint Commis-

‘'sion “"to determine whether measures within ’
- thé Great-Lakes Basrn can.be takenin the public

interest to reg, Ulate further.the levels of the Great
Lakés. or any of them and their connectirig waters

- s0as.to reduce the extremes of stage ‘which.

have been experrenced (Great Lakés Levefs
Reference October'7, 1964) lronloally thrs ref«

. erence was inresponse to conditions: after a.
" penod of sévere drought and oorrespondtng
- low lake levels

The results of the 1964 Study did not follow )

~as quickly as anticipated. Ittook ten years of

© technical investigation and twenty-two publlc
'hearrngs hefore a final. report was submrtted to

- the Commtssron By that time, the Ioomrng envi-

ronmental Concerns associated with inténsive -

uses af the region and the moreasmgly sénsitive,

recreational and residential presencein the sys-



- tem had begun a process of re-assessment and’
- re:consideration of the basic approach to the
que‘stion of Water levels and flows: the Report
argued that only limited regulatlon of actual
water levels was advisable and that many-other,

- non-structural méthods of dealing with fluctuat-

ing water levels, such as planned and regulated

development of land use along the shorelines,

should be explored. Up to this poirit the focus

of the studies had been an regulation of the -

water levels. The shift in focus from regulating

lake levels to other methods of dealing with the
-impacts of water levels opened the investiga- -
" tion to a vast range of questions which amounted
. toa phrlosophrcal and methodological change
Jinthinking.

“The recoghized need for a new approach
. was evident in the repont, Great Lakes Diver-

sions and Consumptive Uses (1986). The Report

“summarized it very'succincily: “The Commis-

sion believes a holistic approach to the resource.
" The mveslrgatron into dlversrons _

is necessary. ..
and uses had qulckly FUn up agalnst the'inade--
- quacy of knowledge. particularly in environmen:

tal, social and economic areas, and the confining . -

“limitations of the mandate. Future approaches
1o the issue had 1o be new, comprehensive and
open-ended. There was not just one problem

" with one solution, which would resotve the |Ssue"

“for future generations. There were many prob— .
lerns -or, perhaps better stated, clusters of prob-
lems:; they were changing and evolvrng they
were subject to factors completely outsrde of.
the specific parameters of the Basin in climatic,
legal, economic and political realms; their nature

.and implications were largely unknown; and, by
no means least, stakeholders and.interests had
16 be reached more effectively and included in
the process of decision-making.

‘ Itis immediately against the background of
the conclusions of the report on Great Lakes

Drversrons and Consumptive Uses that the Rel-

erence forthe’ present study must be’ seen. On
the one hand. the adverse effects of the high. - -
“and low water levels had to be alfeviated and-
ways of bringing down the water looked at: an
the other, it was felt the net must-be cast more

widely to include review of previous work,.analy--.

sis of land use and shoreline management prac:

tices, assessment of impacts on the full range of

interests.and an improved method. of informing
. the public. {(News release Interhational Joint

Commission, Seplember 10, 1986) As the _
Reference goes on to say, “Wherever appropri-

ate, the Commission is encouraged to use
improved analytical technigues which would
best represent the changing conditions and

socno economic values i inthe Great Lakes region.”

Although the Reference is deceptively sim-
ple in'its statement, the imphications for the

- Commission were, and are, much larger. The
i requrrement is really for a new paradngm a new‘
way ofthinking'about the future of the Basin, a

new way of solving problems and makrng deci-
sions and a new methodologv for assembling
and analyzrng mformation. In its news release.

'. the Commission recognized the erze and scope
- of the undertaking in generat, evenifnotin -
* . detail: "The Commission appreciates and wel-
. comes the fact that this far- reaching Reference
- willinvolve new |n|t|atrves and that its nature
* andterms euthorrze the Commlssron to undertake -
-new approaches far beyond those atthorized -
ini previous References.” (News release, Infer-
* national Joint Commiesi_on, Sepfe’mber 1'0, 1986)

. How to do it? After a series of meetmgs and
-drscusswns the Commlssmn decuded toinvite a
'_number of specralrsts to come together to chis-
‘cuss the desigring of the study. The workshop
. took place January 13 and 14,1987 and-its

proceedmgs were, recorded and distributed as
Design Exploration Discussions” Regardmg the .

.Greatlakes levels Reference. The agenda

included speakers on fluctuatlng lake levels,

climate, ecology, land use, mcdellrng conflict

resolution and medratron and economrcs

What‘h__ad rbeen foreseen by the Commis-
sion was confirmed by the presentations and
discussions of the workshop: The Great Lake_s
Basin had to be thought about ina more com- _
prehensive manner. Whatever short-term actions

might be taken, the Commission had to develop.

a long-term strategy which would recognize

- that"given the unknown fluctuations in the nat- . -

ural system, the multiple jurisdictions, the diverse -

‘ slakeholders interests, the process of accom-
_ .modatlon is dlverse and complex”. Thee process’
. of decrsron making and |mplementat|on would |

have to take into account the often conflicting:

- agendas of the various interests concerned about

" the fluctuations in lake levels. No solution, includ-
ing do nathing or total control of the levels,
_would satisfy allinterests and, indeed: no solu- -

tion would satisfy similarinterests in different

© areas of the Basin.While extremely high water-
- 'may freplenish wetiands and run hydroelectric

generators at Of OVEI‘ capacrty it may also COITI-
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" “bing with'storms to erode shorelines and

" damage !a'kee.hore property. The task of-the Com- _

mission was ta map out a strategy which would

“be both responsive to the concerns of the inter-

ests.and responsiblé to future generations, to

secure and analyze data and informi and involve

the interests and the public so that decusrons ]
and actions might be made wrth a substantaal :
- 'amount of consensus

Thrs realrzatron was both’ reallstlc and drfﬂ— i

“cult. It seemned obvrous tcall that there was no

-single, S|mp|e solution; but: addressrng the poer-"'

tions of many interests is basically the balancrng
~of competing vatues: Each interest presented a

value-based argument, that is, an argument for
what that interest interpreted as & “good”; how -

canthese "goods” be weighed and evaluated

against one another? A common ground had to

be found, if passible, which was coherent with -
an overndrng cernmon gocd What was the -

- egmmon good?What was the common ground? R
- These werethe underlyrng and mformrng ques- -

‘tions thaf had to bé addressed by the study
process as a whole and by éach work group

: K '|mp||crtly |fnot explloltly

The acceptance and, then afﬂrmatron that e

'dlsagreement was basi¢ to the process ledto’
+ the approach taken in the: Plan of Study and the -
- organization of the work. groups.-Afterfurther

: consrderatlon the Commission issued a Directive
. on Apnl‘iO 1987 The Drrect/ve foresaw four S
steps necessary tothe successful completlon of

the work: 1) Review and anaiy3|s of the physicai,

-economic and environmental situation; 2) Idenf

_ tmcatron of critical issues: .37 Deyetopment of
~afull range of measures and an evaluation of

- their |mpacts andimplications; and, 4) Formula-

tion of recommendations for future consrder- -
atron and actlon

|n order 10 carry out this work, five Func-

- tional Study Groups would_beorganized. These
- ..Groups would bring their findings, questions

“and concernsté a Project Managemen't_Team.
. consisting of an executive-and the chairs of all

~ - the functional groups. The Project Management

Team would be responsible for “the conceptual,
lechnical and administrative rntegratron of the

y _"study Overall pollcyleadershrp ratlﬂcatron of

decisions and recommendatlons would be given
“by the six Commissioners, advised by a Steer-

©ing Committee, consisting of the co- chalrs of -

~ the ProJeCt Management Team, two Commis- -
" 'sioners, and two lead staff of the International

+ . Joint Commission. Project Advisory Groups would
- beformed, where ngcessary. to glye adviceto -

the Commissioners. As |tturned out, several”

Pl’OjeCt Advrsory Groups were set up'to provide
advice tothe Functlonal Groups. The member- - -
ship ofall commitiees and groups would be

- strictly bi-national and the Project Management

Team would be headed up by bl naticnal co-

chairs. Later, an Executive Directar was appointed .
Lto facrlltate the admlnlstratlon of the prOJect

o it was decrdedthatthree of the five func:
tlonal groups would be organized.on a subject

base. thatis, they weré-to look at areas affected .

by Iake Ievels and two- were orgamzed ona

- functional base, that i is, they were 10 examine

how'the process of redress and management '

- was 10 be conceived, explained and organlzed ‘
The Directive envisagéd therr areas of respon3|—
B blllty as follows: . :

.Group 1— Hydrauhcs Hydrology and Clrmate ’

. (subject oriénted) -
Group P Coastal Zone Ecology Resources
: ‘ Uses.and Management '
(sub;ect onented)

fGroup 3-— Sacio-Economic and Enylronmental '

Aseessment (subject oriented)

‘ ..-Gro-up 4 Pub!fc Pamcrparfon and Communi--

canons (functionally oriented)

. '>f )Group B~ Systems Ana|y3|s and Synthesrs

(functlonally orlented)

. The groups were to be |nter#snked bya common '
L task of. developrng an-analytical framework
. with Graup band through participation by the
functional group. co=chairs in the Pro;ect Man-
R agement Team (PMT) ’

anally the’ Dfrectrve aopo'inte'd the-Regional
DlrectorGeneraI {Ontario}, Environment Canada, - -
_and the North Central Division® Commander cf
- . the U.S. Army Corps of Engineers, as members
of the Steering Committee and co- charrs ofthe .~
‘ Pro;ect Management Team with instructions to
~proceed-with appointing chairs forthe.Func-
tional Groups and: mappmg outa Plan of Study
'forthe Reference. ‘ -

Ae the groubs were assembled and initial

discussions began’ and-as the Plan of Study was

berng thought through in its detail, the size:

- and complexity of the undertaking became
- more and more evidént. In Novernber, 1987, the

Project Management Team co-chairs released &

_background paper for the Plan of Study, which




explored some of the Iarger |ssues that would

characterize the study and the concerns with
which the groups wiguld have 1o deaI It was’ -
‘cleat that a new- flexrbmty of approach and a’

“long-term effort was required. ln the Background -
" . Papef, the co-chairs.speak of *a continuing ana--

Iytrcal capability”, future decrsmn maklng and
updatlng of madels.

The Background Paper also emphasized. -
without trying to anticipate the results of the
functional groups’ deliberations, the p053|brlrty

. of a. combmatlon of solutions rather than one

solutlon be it regulation, mManagement or. Iegrs—
Iatlon The study had- 10 produce some specmc

. recommendatrons to deal with the effects of the

fluctuating lake levels, but it foresaw that they’

_ had to be placed in the perspective of a long-~ .. °
- ~'term management solution or process of com- -

bining solutions. " This study, while identifying -

~point-in-time solutions for current lake level prob-

fems, has as its expressed goal and purpose to .
initiate a continuing management process that

T will be ‘gearadto. enhancrng understandmg of
- the options for both high and low water condl- :
~-tions available for consrderatlon by Governments‘
: .over time.” B

‘ The sizé-of the’ undertaklng and the prob- .
lem of meetmg ‘the 1989 deadlrne had to be .

faced and the Background Paper prolected
a phasing of the study. Phase |'vwould be sub--
mitted.in the form of & report on May 31,

- 1989, as planned, but a second phase, whtch
would extend and complete elements of Phase .

I, would ¢ontinue into 1991: Phasel therefore

- would contaln

+a a characterization of fluctuations and -
conseqguences
T *a cormprehensive rnventory of measures
.~ +a systemic and comprehensrve evaluatron
. framework :

' 7Phase II would containz-'

-a reflnement of data bases :
-detarled evaluatron of. selected measures

: _ In'addition,’ a ‘prog_ramme of public parti_cipation

and communication would bé created as an-.

__on—goingl_element of the twod phases, and, in

Phase Il explicitly, an Information Pregiamme for
use by Governments would be developed. In - -

- the final Flan of Studly, the communication com- - .-

ponent was e}<plicitly'.included in the two phases

-of the study as an Informat|on Program for usé.
by Governments

- The P/an:ofsmdy;fu_rthér detailed tasks for -
each of the Functional Groups which would

 provide the preliminary material neededfora
" comprehensive report. These tasks, in effect;

described whatthe Project I\/lanage'ment Team:
envrsaged as the scope and substance of
the Study ' o

Atis always difficult at the beginning of
alarge and. compllcated task to-envisage the
final product. (whrch ‘of course, is.what was.
demanded of the formulatars.of the Plan of
- Study). The selection of specralrsts from'so- many'
. different: d|sc1pllnes and backgrounds was, in - .
itself, an assertion that the Commrssron wrshed

- the study to be more than asimple analy5|s of

. pre-determined topics or the completron of pre- . '
assrgned tasks R :

The intense dlscussmns whlch ensued both.r .,

in the Functional® Groups andatthe Pro;ect

Management Tean. ievel led to changmg priofi- - -
ties, conceptions and even scope of work, and,
.although the Plar: of Study held as anoverall
gurde many of the ernphases changed What "
had beén seen as complex but containable in-

- “the four areas mapped out in the-Plan ofStudy

Cproved to be anything.but ccntalnable Agarn
and agarn the functional groups and their sub-

- groups. feltthe need-to stairt from the beglnnlngé L

and re:assess exactly how the issue should be g
dealt with, what the prlontles were, and where
the greatest |nroads could be madein develop—
“ing solutions that would allow Governments to

- -approach the i issué of the fluctuatrng water lev: i

els W|th coherent and effectrve pollcres

Three issues, Wh|ch were to re- drrect mquury :

‘ at points inthe rstudy and whlch arose fror--.
* the discussions of the Funct|ona| Groups were

agreement on principles and strategy govern~ :
ance, and publit partlcrpatron and involvernent.
Although none of these issues is specrfrcally
foreseen in the Plan of Study. eactrof them is-
entwrned in-the very mechanisms of carrylng .
out the majorrty of tasks aSS|gned to the Groups o



: 'Suocihotly stated, the issue of agreement
" and strategy posed the question, How can you
proceed to'select measures or structure eval-
uations before you have established a prefimi-
nary strategy for deciding which measures -
are relevant and how; or if evaluat:ons should
be werghted?

Under the general term governance the
“question.of authonty and junsdiction was ralsed
. Who is responsuble and how is that responsubul-
ity structured? What kinds of problems are we

" dealing with? Do net the answers to these ques- '

:_I_IOI'IS determine how you approach the entire
Study? Otherwise, the measures will be too . -
general-and not formed for real jurisdiotional

implementation, and the evaluations will niot be -

judged in relatlon to the posmons of the iriterests.-

The olisc'ussione of'public partieipation' :

and involverment raised the most’_ba_sic issu_e'of A
- dernocratic society: It is easy to espouse public

consultation; but how do'youde it? And what -
) does it mean? Education? Opinjen surveye?
' Es_sentral roles in decision-making? Open pro- -

cedures? And, at what'st'age? Moreover, surely .

the accurate and Contlnual flow of mformatron s
"basic to all processes envisaged i inthe Study ™

of the formative'rele of the new insig,hfs and

" . perspectives that had arisen in the process of

working through the directives of the Reference.
In the last days of 1988, the Project Manage--
ment Team Co-chairs issued the DécermnberFlan

of Action. which outlined the timetable for com-

pletlon of the work envisaged in the Plan of

Study, and proposed an outling forthe report on
: Phase | of the Study. A structure of nine chap-

ters wWas proposed each group contributing to

one ormore of them. The basic four parts of the .
Flan ofS‘tudy wereIncluded and the new direc-
tions and knowle_dge incorporated in ,suc:h a
“way as to attempt to give a context for the

) subjects handled in-each chapter These chap-

ters subsequently became the Annexes of the

: . present progrees report.’

' Itis hoped that this approach, whioh

addresses several dimensions of the problem .

simultaneously, not only will give'useful guid-

_ance to Governments in their policy formula-’
-tions. but also will itself become apart of the

changing. responsive and open -ended process

- of décision- maklng which is envisaged for the

management of the Great Lakes St Lawrenoe
Fhver Basnn in the future .

and needs to be structured into, 1hose processes o :

from the begrnmng The Informatron Program
outlined in'the Plan of Study was ]USI the up
of the iceberg: - :

At ear!v stages, such qoeetronin'g .‘d'is‘oo(Jr-_

-, ages work already being done in areas which

seem basic and ‘essential to any understanding
of.the situation in the Great Lakes Basin. In-
the long run, it strmulates further enquiries and
clarifies the reasons for and potential-of much of
the work already being done. The other consid-
“eration that comes to the fore is'that there is a.
. range of basic work in ariy areéa of enquiry — data
accumulation,. measuresudentrflcatron evalua- .
tron delmeatron which must go onveven as
. the problems and approaches are re-thought.
- Indeed, ina dynamlo decision- making process

~the basic ofientations will continue to be re-

thought in response to new data and additional
opportunities for evaluation and. action, and in
_ turn, these new questions will mfluence future
tasks outlined i in future studies. '

The problem for the Project Management
Team was-to incorpaorate the new directions into
"~ the Study with both a clear appreciation of the
‘knowledge already acquired and a recognition



‘The Wholeis

Chapter

@

‘Greater Than The
Sum of its Parts |

. The pressure for sojutions in the face
of crisis is overwhelming. There is no time for
lengthy considerations. However, once the -
|mmed|ate crisis has passed or been dealt with,
Litis necessary to develop a strategy to deal with
future crises: That, bnetly is the task of the
- present study on Great Lakes—St. Lawrence
Basin-water levels” : :

The Problem | .
“Every inguiry begins with-a problem.in :

a profound sense, this inquiry has been an
extended attempt 1o state what _that problern is.

The Reference to the International Joint

Commission simply asked that the Commission -

“examine and report upon methods of alleviat-
ing the adverse conseguences of fluctuating.
water tevels.'in'the' Great Lakes — St. Lawrence .
- Basin”. After thousands of hours of discussions

wit-h experts, managers, policy makers, business.

people. environmentalists, and citizens of Canada
and the United States, that “problem” seerns
anything but sm—tpt

The first item that needs clanficatlon is,
Whatis an adverse consequence? Thare are
over thirty-nine million peoplé living and work-
ing inthe Great Lakes —St. Lawrence Basin. tn *
one way or another, they all benefit from the
waters and are affected by their Ievels How-
ever, they are affected in different Ways..

This inquiry-began because of extraordinary -
high water levels and storms in 1985 and 1986.
The pedple who live, own property, -or have
facilities on the shorelines of the lakes react
mest quickly because they experience the imme- -

-diate threat — flooding: These “riparians” see

“adverse’” as primarily damageto property, both
to structures arid to the shoreline through-ero-
sion. Amongst the shoreline interests, however,
there can be a considerable range of reaction:

. The cottager picturesquely perched on the shore
“of a lake, the municipaiity maintaining sewage

treatment facilities or roads near the lakeshore, .
the farmer drawing water {or irrigation, and the

' recreationialist usmg cne of the Basin's many
'marlnas have. varymg levels of tolerance and
expectations and different resources for dealing -
“with the fluctuations. But even this picture

is too simple; it is not possible to delineate
the positions of the interests so clearly. The.

riparian hameowner fnay dock his boat at the
_local marina, fish, and enjoy watching migratory -
‘waterfow! flying inta their nesting grounds: His’
" _or her children may swim at the nearby beach. .

The eiectrlmty usedto cook dinner comes from

a hydroelectric facility in.the Basin: The corn

they have with the meal was ofiginally devel-
oped by the native peoples of thie continent and

~may be grown Iocally in-a field irrigated by Great.
‘Lakes water. To-pay for the home, the riparian '

may work in a steel milt whose raw material’is.

“shipped in on. a 1 OOO foot long vessel through



3 the Great Lakes — St. Lawrence Seawaytrans-
portatron systern

The ef'fect-of fluctuation of the'w.ater levels
. also may be of an entirely:different scale on one
~ lake from another, In 1985 and 1986, for exam- -
“ple, the record high water levels of the.upper

© - lakes were net experrenced on Lake Ontarrc

Whereas the hrgh water levels are- adverse

for'many shoreline interests, extreme low water ~

:Ievels are “adverse” for others, such as recrea-

- -tion, hydroelectric generatron and commercrat P

shipping. and for those who draw water from”

the Great Lakes, their connecting channels, ora . ‘
groundwater source dependent on. Great Lakes-

_Ievels Hlstoncally the levels have hit record -

lows.in the 1920° s, 1930's and 1960's:and record‘_-',

hrghs in the 1950, 1970's and 1980's. ~ ‘Adverse”,

" therefore; has to be defined for both Iows and '
- highs and for the many dn‘terent interests. It. also. -

“has to be put on some sort of scale inorder.
to. determrne whether we are talking about an-
‘ mconvenrence ora catastrophe

- To compllcate an, atready comphcated srtu-

'ataon thereare some aspects.of the system

. notably the natural ecology of the region; which

- _benefit from the ﬂuctuatrons themselves and
even from their extremes; The periodic hlgh
levels flood.and ﬂush the vast, but shrinking .

- wetlands of the Basin, rengwing them forthe

myrlad of fish and wildlife needs. such as spawn-:
ing; nesting, feedlng and cover. The lower Ievels
which follow promoie the growth ofaguatic.
plants, grasses and other assocrated vegeta-
““tion. What is an-abefration for the shoreline -

" owner is.the Irfe support process forthe |nhab|- :

tants of the wetlands In fact,.the wetlands are

: damaged bythere not being perrodrc fluctua-
) tion. This consequence suggests that-there is -
another sidé of the coin to aIIevratlng adverse.

‘ consequences and that is enhancrng or-at least, .

_ ‘maintaining benéficial consequences of fluctu-’
- ating water levels, (See Annex B, especrally
Sectton 3 3o

. 'A'furth_er complication in determining ad-

verge COnsequenoes is that the exact extent and- -

-degree of the impact of lake Ieve\s is not known.
: _The storms on the Great.L3kes are. notorious for.

ther_r unexpectedness and their magnltude, The -

battering of sterm-driven waves, superimposed
" upon storm-induced water Ievel mcreases upto
- eight feet due to high winds coming in over the -
' %akes wreak havee, complrcatrng attempts to

- “separate the effects '_of wave'and_ storm action -
- from the effects of lake levels, or to 'det_errnine'
. exactly the role played by shoreline geomor--
.- phology-and man—made protective structures. ‘
" located, there Again, itis the problem of sepai L

rating the’ action of the parts.from the whole and

-~ yet determmrng therr mterconnectedness

There are'man'y _COnsequences of fluctuat- L
ing lakelevels but-some of the questions posed

“in this inquiry-are, Which one’s are adverse? To

whom are'they adverse7 How adverse are they?

- Whose respOnSIblllty are they?. The answers'to

- _these questions will-determing. the consideration’
. of ways ¢f alleviating them. It is clear, however,
- even from a prefiminary look at the number
- of inte'rests‘ and their often’conflicting needs., o

_that whatever- approach 5] developed itwill - :
_.have to be comprehenswe enough [{s] deal with. " ©
. the.sheer diversity of positions and the mevrta- e
) .brlrty of confhct

‘ It has been 'irnpottan't to focus__oh the mean-- - -

ingof “advérse consequences " first, not onl‘\'/
because’it brrngs to fight the' range. anid-com-

plexity of possible definitions, but alsc becaiise .

~ -itforces the questroner to] realrze that we rnust
‘ ,deal with the* opinions of hurman beings who -

have established themiselves.in the Great Lakes

" —St. Lawrence Basin: The preblem: ceritres
- on therr perceptron of consequences and |

~ .causes, as muchas on the actrons of tha. Iake

- levels themselves '

Oné of the more perpIeXing'aSp'ects of the

" problem, or cluster ofproblems assocrated wuth'

adverse consequences of fluctuatrng lake Iev-

gls, |sthe matter ofhuman intervention’in the:

natural system of the Basin, There is riot only.:
the guestion of controt of the lake levels; there is

" aiso the-question of control of human activities.

The temptation'on the part of some is to see the ' S

© gontrol of the lake-levels rather than self- control L
.asthe only possible way to alleviate-adverse

consequences That is,the- focussrng onthe -
lakes instead. of on the human intefventions

_narrows the'inguiry down to an approach which .~ -~
“sees regulation of lake levels as the sole answer. -

 Ifweaccept that hiaman interventions are
part and parcel ofthe problem the road is opened

“toa range of-courses of action. Atthe simplest.
‘level, sither.the high water ievel canbe kept”

away from the busldlng or the burldlng can be*
removed from the high water level. The world is-

- not, however, 50 simple; some of the facrlrt_r_es.




' _ such as the entire shoreline development of the -

_ city of Chicago, ‘afe not removable. Effective”
action requirés lead time; weather forecasts are
able to provide sevéral hours of niatice fof spe-

cific storm warnings, but predictions over a per:

iod of several months of years are clearly not

) accurate. enough to provide direction on regula— )
" tory actions to avoid low: or high water levels.
" And evenif something cauld be dene intime for-

" the shorellne owner, there are other interests

" with drfferentneeds maijor production facilities :

need plentlful supplles of water and high water
_ levels may be preferable to'low. The natural
. habitat must be fed and nurtured by fluctuatrng
_ water levels in orderto survive: Wrth such-a

range of. conflicting demands any approach has:

to take into account the real and very. diverse

world as it exists, the spectrum of needs and

desires and, by no-means least, the Iong range
good of the Basrn inaltits multrplrcrty of life.’

The yery diversity- of the. impl_':cations of

impacts of courses of action can _Ie.a'd td e'ndless-: _
discussions, all of which may be germane tothe -

issue ofthe fluctuating water levels, but which
actually will never result in practrcal solutions.

"~ No matterwhat COUI’SES of aCtIOl’l are recom- -

mended, it isimperative that certain realities of
the situation be faced. The' collapsrng bluff face,
the flooded facilities and the marina Iett high -
and dry cannot be forgotten i in the attempt ta
unravel the complex strands of analysus

The Approach

. Ifthe problem were narrowed down-10- how_ ’

to control the fluctuating water levels, it could
- be solved by fdcussing on the mechamcs of -
control.dams or channels, locks, sills | in outlet

- channels, dlver5|ons and other regulatory engi-
" neering systems The solutlon would be com-

plex in'that we are- dealrng with-huge amounts
of water, unpredlctable weather patterns mas-
" sive investments of money and complex moni-

“toring systems. The probiem, however,’ could be
considered straightforward; it could be costed
out and structured |ntc a prorect timetable

Thls approach has had notable success and
- will contlnue 10, have success where appliedto

B problems which can be solved by this method.
Difficulty arises with very complex systems in .
which it is not.possible to isolaté the problems.

~ An example, of such a systems problem might
be the case of the human body in solving a

~ medical problem. An'approach which treats ’only .

the isolated problem ¢an create further prob-

lemns through i |gnor|ng the relatronshrp of the
parts to sach other and to the whole, Such an )

~ approach breaks dowr because it'cannict deal:

sither with the |nterconnectedness ofthe parts
of the system or with the dynamic and change.

The addlng up of the parts does not adequately
recreate the whole the solutions-for the parts

are not the solutron for the whole

The natural and human components which
make up the Great Lakes — St. Lawrence. Hrver
Basin are a complex, interrelated and coftinu-

" ously changrng system. The issue of water lev-.

els is not a-single. simpie problemn, but a cluster

T ot problems each ldentrflable but’ |nterre|ated

" and interdependent.in ways whlch have to be
made clear, Change is of its very essence — water
Ievels,_vary_contlnuo_usly, shoreline use changes,
“econemic investment follows its own course,
landerodes, wildlife and natural habitats flour-"

Vish: and decline; recreational demands change,
.socral habl,ts reﬂect new: value systems.

lt is argued in thls study that the Great Lakes
—St Lawrence River Basin is an ecosystem,
whrch has'to be approached as a functional
whole, recognizing its hegh drverslty its inter- -
connectedness and interdepéndence, its high-.
rates of change and'the need for integration of

‘ conflrctmg farces. Only recognition of these

~ factors will allcw for effective public polrcy
(See Annex D) -

The approach taken here, often called a .
systems approach and depicted in Frgure 2.
must be able to |ncorporate these dynamrcs
inits process of ana|y5|s and’ problem- salving.
Whlle much of the work which has already been

‘done can be used in this approach, there are *

four characteristics of the Systems Approach
which will |nform and put into context specn‘lc -
studres and dlscussaons These are

1) Wholen‘ess Thére are a‘spects'ct the .
whole whrch cannot be descrlbed or. dealt wrth
by analyzmg ‘the parts

2) I_nterconnected ness: Not only the parts

“but the relationship and mutual effects of the -

-parts on @ach other and to the whole must be -
taken |nto account ' :

3} Complexrty and Irreduclblllty The ;
reduction of.a system to units or; parts’ isa’
mrsrepresentatron of the system Complexrty

' |tself isa property of the system
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'4) Synergy: Interaction ¢f the parts pro-
duces new properties which are notinherent
in any specific part and the behaviour of the
parts does not allow the behaviour of the whole
to be predicted. E

One of the ways developed in this stud\} for -

visualizing and understanding the system and
its parts in interaction has been through dia-
grams derived from a methodology known as
system dynamics an example of WhICh is shown

in Figure 3. The key components and their inter-

actions are d|agrammed in progresswely com-
ptex representatlons which attempt to establish
the important interactions and the cause and
effect relationships of the components.-Of par-.

ticular imiportance are the positive and negative -

feedback loops as shownin Figure 4, which.
identify circular cause and-ef-fect relationships.

In.adopting a systems approach to this study,
the Commission echoes a nead expressed in
many revious studies for what has been called
an "ecosystem approach’. Isolated solutions

_and narrowly defined measurement critéria have-

led to situations im which results were not antici-

10

pated mueh_:iess taken into consideration, where

the interrelatedness of activities was not suffi-

- ‘ ‘ciently well understood anc whefe the elements

of change were ignored.

In whatever way individual, Shpft—terr_n cri-

ses may be addressed, the long-term need is -

“for comprehensive and effective management.
~whichwill deal with what has been described

as the “stress” in the system. Although the -
Great Lakes, as a natural system, are one the
most resilient and stable systams en the planet,
the natural system seems no longer able to '

_cope with the size and scale of human.interven-
tion. Human activities mustbe self-regulated.
. The natural and the human can no longer e -

separated or even seen as sepdrable; they aré -

‘ unavoidab1y'intertw‘ined. Any solutions proposed

must be responsive to that intertwining and
establish a means for dealing with all the
“adverse.conseguences”’ of fluctuating water

" levels in & system encompassing both natural
and human phenomena
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R The Natural
System

) Iﬁtrbd‘uctfori'

The purpose of this chapter i to. drsouss

the natural system of the Great. Lakes St. Law-" -

rence Basin.as one of the two major compo- .

nents ofan eoosystem (See Arinexes A and B) '

T I As noted earlier, it is.impossible to separate the

o ‘natural component from the human component.
Although human control: of lake tevels and flows
is minimal, being measurable in rnches rather .’
than feet, human decisions and actrons have .
“touched in some way every aspect of the Basrn
~from the flow of- water to the falling of rair, from

. the formatron of the shoreline to the very kinds

o - .- . offish ah_d wildiife in. |ts, watersand on its shores.
. The separation attempted here is merely a.con-.

ceptual'way of describing the COMPonents so
~ thatthe implications of polrcres and aotlons
) can be ascertarned S

_ " -Oneof the tasks of systems analysrs 15 1o
set the boundarres of the system.As can be
seenon'the accompanyrng miap, the boundary

forthe natural phenomena is that area, the waters:

of which drain into the Great Lakes and the St

Lawrence Rrver It has to be remembered how- .

)

|

l S DR “ever, that clrmatlo phenomena whrch are the

R " primary basis of Change for the waterlevels

c ’ - often have been formed far drstant fromrthe

| " Basin, and $ome wrldlrfe such as mrgratory

| ' birds, use the Basin'as only ong partof their
transrent life pattern, The ecosystem we are
studying is, therefore also mterconnected wrth
the muoh Iarger global system : :

. Chapter .

Inorder to focus.our discussions, the 'n‘atuf

" oral system will bé dealt with as water, Jand.

wetlands and climate. These categories will be

Iooked at primarily as they affect arid are affected - .
by lake levels:; Initially, this division merely facili-
s tates drsoussron but- from rtmust comethose

-elements that are cntrcal for the management

'ofthe BaSrn . - : L

A second task is to, descrrbe as. completely

.as possible, how the natural system warks'and K

what the, rmplrcatrons of the cause ahd effect:

-7 relationships are..For example wetlands could

be srmplv described and categorized as physi-

-“cal occurrences, without noting how they funo-
_ tion as resenvoirs, water. purrfaers of buffers.
“forthe shoreline, And.vet, the latter functron—-

ings.are ones which have to be taken into

- “aceount when preservatlon or loss of habrtats
'rs berng drscussed

A thrrd taskisto assess the salient. aspects -

“of the natural system, to judge which élements
© may be crrtrcal and to-establish therr interrelat-' '
. ‘ednessin order to ascertain what i is requrred for .
" developing future policies and programmes. It

should be ciear ‘even from'the brief’disoussion
above that these analyses will not be exhaus-
tive. The sheer complexrty of the naturaf system’

' ~ precludes detailéd description and detailed trac-

rng of cause -and effect patierns in many situa-

tions. Undoubtedly there wrlI be a great deal of

13
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Flgure 5: SCHEMATIC PROFILE‘OF THE GREAT LAKES

RIVER SYSTEM

future work required in order to produce data -
and conclusxons for future decisions. The pro- ‘
cessis ongomg the tools for developing the
necessary information, however, are in some
cases already designed, in use and béing con-
tinuously brought up to date.

The Natural System
The Great Lakes Basin with dimensions as -

" shown in Table 1, (see Annex A, Sec. 1) consists -

- ofan area' of approximately 297.000 square
miles (769,000 square kilometres), reaching from
about 50 miles (80 kllromeires) west of Lake
Superior 1o the outlet of Lake Ontario and from
‘Lake Nipigon in the Province of Ontario almost

" to the middle of the State of Ohio. Of this area.
174,000 square miles (451,000 square kilome-
tres} are in the United States, including all of the

_State of Michigan and pertions of Minnesota,
Wisconsin, #iricis, Indiana, Onie, Pennsylvania
and Néw York. In Canada, there are 123,000
square miles (318,000 square kilometres), all in
the Province of Ontario. About one-third of the
drainage area, or about 95,000 square miles
{246,000 square kilometres) is comprised of the
water surfaces of the five Great Lakes (Superior,
Michigan, Huren, Erie and Ontarie}, Leke St
Clair and their connecting channels. There are

14

Distance
- 2,200 r'nne's'—_ 3560 kilometras

- 11,000 miles (18,000 kilometres) of shoreline

and an estimated 5,440 cubic miles {22,800
cubickilometres) of water heldinthe system

fest (six metres) in Lake St. Clair {not taking

"into account the twenty-seven foot channel -
“maintainad for shipping) to over 1,330 feet (405
' metres) in Lake Superiar. -

The St. Lawr_ence River from Lake:Ontario to
Quebec City adds an additional 130,000 square
miles (337,000 square kilometres) drainage area,
most of which is in the Province of Quebec. The
Great Lakes — St Lawrence River System, from”
the western end of Lake Superior to the Atlantic.
Ocean as illustrated in Figure b, is about 2:.200
miles {3,500 kilometres). :

The most singular characteristic of the Great
Lakes Basin as a natural system is the enormous
storage capacity of the Great Lakes. The lakes -
are reservoirs which store the.largest supply of
fresh water on the planet. The large surface area
of these lakes acts as a natural regulater of their
water levels. Comgared to other natural water
systems, such as the highly variable Mississippi
Basin. the Great Lakes regulate themselves to a
remarkable degree; di'scharging proportionately

Atlantic
Qcean

Kilometres
* Miles

ST. LAWRENCE |

Maximum water depths range from twenty-one




. Table1

" Lake Superior _'

T St.Marys River

Lake Michigan

Lake Huron

St. Clair River

- Lake St. Clair

Detroit River

Lake Erie _

Niagara River

' Lake Ontario

" st Lawrence River

from Lake Ontario

. to Cornwall-Massena
: Povlgerhouse

Dimensions of The Great Lakes

(362) -

Water Surface Sﬁorehne Léngth Depth’
Area Volume Mainland Island Average WMaximum '
i) fou.mi) iy ) W
82100 12,100 2780 . 1,600 S a0
[(31.700) . (2900) 1728 (997) (483) (w,ssd)'
230 - 153 244 - -
89) - (95) - (152) _ - -
57800 4,920 2250 383 85 281
(22.300)  (1.180) (1400 (238 279) (923
59.600 3540 2070, 3180 89 229
(23.000)  (850) (1,850}  (1.977) (195 (750)'
55— 93 8. - -
{21) - (58) (8 = -
1110 - - 210 204 - 6
430 - a3 (127) - (21)
100 - 96 116 - -
ey - ©0 (72 - _
25700 484 1200 16 19 64
(99101 (116 (799 (72) 62 - (210)
60 - 110 60 - -
(23 - _.(_69). (a7) - -
18960 1,640 1,020 125 . 87 24
(7.340)  (393) (638 (78) 083 (802)
810 - 484 567 - -
(238 — (301) - -

Hydraulic and Hydrologic Data, 1977

~ Source: Coordinating Committee on Great Lakes Basic
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| Figiure-'_s: THE HYDROLOGIC "CYCLE

less water In prolonged dry periods and more
water in times of cumulative water surplus. The

‘ presem man-made’ contro! syslems have only a-

srhall; |mpact on the natura\ regulatory processes

The second point 10 remember is that the’
five lakes vary greatly one from the other. Size,
" depth, outflows, locaticn in'the chain, nature’
and configuration of shoreline and level of human
. intervention,all determine the levels of the lakes
, ahd the impact these:have on mhabntahts of the
Basin. Of the lakes, Lake Erre shallow and wuth

much highly erodible shorehne is the most seh—'

sitive to storm-induced water level changes:
Lake Superior. deep and-with a largely stable.

shoreline. is least affected by water level changes

dueto storms

The Water Levels

The Great L akes water levels have been
monitored regularly since 1860 {see Annex A,
Sec. 13 The seasonal fluctuations, following nat-

~ uralcycles of precipitation, run-off and evapora-
“tion, as depicted in Figure 6, vary on the average.

“in any given year between the highest and low-

16 -

est monthly means (Figure 7} from about 1.0
foot (0.3 metres) on Lake Superior to about 1.6
feet (0.5 metres) on Lake Ontario. There isa

“* seasonal pattem of fuctuations with-higher lev-
elsinlate spring to mid- summerand Iower
‘ !evels in Wmter

L'o_ng—-term fluctuations as shown in Figure,

8. occur over years as a reeuflt of precipitation,

and climatic variability. These are not regular or

- predictable and follow ong-term variations-in .

weather. Between 1900 and 1988 the monthly
mean levels, from extreme high.to.extreme low,
have varied on Lake Superior by about 4.0 feet
1.2 metres), on lakes Michigan, Huron and Erie
by about 6.0 feet (1.8 metres) and onlakes St.
Clair and Ontafio by about 6.5 feet (2.0 metres). |
Archaeological and geclogical evidence sug-
gests that the levels were much higher for vary-
ing periods over the past 2,500 years, but the
exact'reasons for this are not.clearly known: It
is, however ¢clear that, barring majorhuman

intervention, mgmﬂeam changes in the lake

tevels will.only occuras a résult of srgnlﬂeant
climatic changes. -
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This study was inittated during the record-

- breaking high-levels of 1965 and 1986. The pre-.
cipitation for 1985 and 1986 was well above
average and. combined with the previous eigh-
teen year period of above-average precipitation,
caused the record high water leveis_dfthe lakes
during those two years. These highs paratiel in

~ sevarity the lows experienced in 1934 and 1964,

In each case the quantity. of water storéd in the

- takes varied by about 30 cubic miles {125 cubic

kilometres}. This range of about 60 cubic miles
{250 cubic kilometies}, however, represents only
about 1.0 p'ercent of the average volume of
water contained in the lakes.

Factors affecting Water Lével_s

Although precipitation, evaporation and the '

rate of flow out of the system are miajor factors
in the fluctuation of take levels, other factors

- have te be taken intc account in determining the
functioning of the-natural system (see Annex A,
Sec. 2}, Such phenomena as run-off patterns,
ice build-up. meteorological and chmatic occur-
rences, rebound of the earth’s crust and, of
course, human modifications to the system affect
the water levels on the lakes. In the last case, a
lowering of levels would substantially increase

. flows inthe channels, while a storing of waterin -

lakes would decrease flows

' Preclpltatlon
Precipitation is the primary source of Water

for the Basin. The average annual precipitation
over the Basin is 32 inches (81 centimetres),
with some variance between the Lake Superior.
area and the Lake Ontario area. The latter receives
an average of 34 inches {86 centimetrés) per

“year: the forimer. an average of 30_i'nches {76
centimetres) per year. In 1985, the wettest year
on record, the Basin received an average of 40

-inches (102 centimetres). For several years prior
to the low levels of 1964, precipitation was below
average over much of the Basin (Figure 9).

Although lake outflows increase during per-

iods of rising water levels, the amount is not
proportuonate to the amount of water entering
the system. In 1985 and 1986, for example new
_record high monthly mean levels were sét on all
. lakes except Lake Oniario, the'furthéstrdown- )
stream. The otherlakes, therefare, increased
their storage. hence their record high levels.
This change seems, however, to reflect the nor-
mal response of the lakes to climatic variability..
Levels dechned rapidly in 1987, due largely to
abnormally low precipitation from late-1986 to

18

June of 1987 (Figure 10},

Runoff
Precipitation falhng on the lake surfaces

~ enhters the system lmmedlately, precipitation on

land areas comes into the lakes over a period

~of time. On the land. some of the precipita-

tion enters into storage in lakes, swamps

and streams; some maves through the soil;
some accum ula-tés in groundwater storage and
becomes the source for spfings and streams. It

- itfalls as snow, there is a different pattern of

entry Into these runoff systems. The rate of
runoff is affected by a wide range of factors,
including soil make-up and structure, the exist-

'~ ing moisture levels of the soil, the rate of snow
-.melt, and the type of spring breakup. Land uses,

such as farest, agnculture and urban settlement,
affect the runoff, sometimes in major ways.

“The amounts of water entering the Iakeé‘

from runoff are-relatively well known and records

are kept for a number of tnbutary streams.
Thése amounts are proportionate to the amounts
of precipitation, but certain human activities,
such as de-forestation and urban build-up, can

" increasé the valume of runoff.

Evaporation ‘ 7
.. The evaporation of water from the surfaces
of the lakes can be estlmated with some assur:

Cance. Proportmnately more evaporates from

warm and shallow lakes, such as.Erie, than does
from cold and deep lakes. such as Superiof-it is
estimated that evaporation from Lake Erie’s sur-
face is of similar magnitude 10 the precipitation
which falls on it, whereas evaporé.tion from Lake

~ Superior 1s about one-half the precipitation fall-

ing on that lake surface. Approximately 55% to
65% of precipitation over land surfaces will be
lost through evapotranspiration, absorption by

"the soil and other factors.

Evaporation varies greatiy over the course
of each year due to changes inair and water
temperatures, wind speed, and “ambient” atmo-
spheric mgisture control, but remains relatively
constant from year to year Itis possible, there-
fore, to calculate on an.annual basis the amcunts
of outflow which will result from a gaven amount -
Of precipitation.

Climate and Weather

Inhabitants of the Basin are most aware of
the effects of storms on the lakes, High winds

" produce short-term, but severe fluctuations in
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Figure 11: WIND EFFECTS ON LAKE LEVELS

- lake levels as ilustrated in Figure 11 Dunng the

storm of December 2. 1985, the water level of |
Lake Erie rose seven feet (2.1 metras) at Buffale
‘ atthe eestern end of the lake and dropped eight
- feet(2.4 metres) at Toledo on the wastern end

{Figure 12). While Lake Erie is the extreme exam- .

ole for short-term fluctuation. all the lakes are
affected by severe weather. The measure of
severity depends on size and depth of the lake.
" but &lso on the orientation and shape ofthe Iake
.and. of course, the magnitude of the storm.

There are also seasonal and long-term
changes-n the climate which vary over the Basin.
The northern Iocation; with its accompanying

seasons the var!ablllty of precipitaticn, the tem-

“perature ranges over the 700 latitudinal miles
{1.100 kilometres) and the |mpact of the huge
guantity of water in the lakes themselves, all
affect the climate of the Basin. The tlimate, in
turn, determines the amounts of water in the

lakes and its behaviour. One major influence on

lake levels is air temperature. At higher air tem-
peratures, evaporation and plant transpiration.

4 STORM WATER LEVEL

SLOPE OF BEACH.

~oeth Increase. resuiting in less tunoff;.at lower,
air temperaturas, given the same precipitation, -

the loss thirough evaporation and transpiration is

.less and the runoff, therefore, mare.

~The imp'ect of changes in air temperature

- cén most easily be seen from-an example. From' -
1960 10 the present, readings taken at Lake Erie

indicate a 0.8 degree Celsius drop in mean’
annual air temperature This resulted ina 5% -

" increase in-runoff, The combmed effect ofan

mcrease in precipitation, with a decreasein
emperature resulted ina 12% increase in runoff

" to the- Iake The high levels of the early 1970's to

the mid-1980" s'were parily the.result of an in- -

‘creased precipitation regtme since 1940, cou-
pled with a lower temperature regn’ne since 1960,

Aquatic Pl'ants, Iceand Movements‘ of

- the Earth’'s Crust -

Temporary flow restrictions in the- connect
ing channels can cause short-term tncreaees n
lake levels. lcd jams in winter and excessive
plant growth in shallow waters, such.as the
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" Along-term change is taking place as a
result of rebounding of the earth's crust since
the last glacaal period: Basically. the entire Greal
Lakes Basin is rising-and tilting Over time the

" water levels on the south and west shores will

rise relative to levels on the north and east shares
dueto dlfferent rebound rates; At Duluth, for -
example. it is estimated that there could be a
0.5 foot (0.16 metre) risé in water level over the’
next B0 years due to this cfustal movement,

Modifications to the Natural System
Various artificial changes have been made

" in this century that have had an rifluence on the

Great Lakes water levels and their outflows.
These changes were the subject of investiga-.
tionsin the past by the KJC's International Great
Lakes Levels Board (1973), the Diversions and

C_or_15umptive Uses Study Board (1981}, and,
most recently, by the Great Lakes Water Levels

Task Force (1987} {see Annex A, Sec. 3.

Niagara Rivér, in summer are the most common |
‘causes of these restrictions. -

R
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Figure 13: LAKE SUPERIOR CONTROL STRUCTURES

. The most significant projects built specific-
ally for'the purpose of managing the lake levels
for human benefit are the Lake Superior and
Lake Ontaric control structures (Figures 13 and.
14). Lake Superior has been regulated since
1921 as a result of the hydro-power and naviga-
tion developments in the St. Marys River. Lake
Ontario has been similarly regulated since 1960.

Five diversions have been constructed in
the Great Lakes Basin to meet various needs of
society on the shores {Figure 15). Two of these,

. Long Lac and Qgoki Diversions, diveft some of the
. tnbutary flow of the Hudson-Bay southward into

the Lake Superior basin. These diversions raise -
water levels of the Great Lakes by minor amounts.

The diversion of water through the Sanitary

~ and Ship Canal at Chicago from the Great Lakes

system to the Mississippi River is for purposes
of sanitation, navigation and hydro-électric pro-
duction. This diversion lowers water levels of
the Great Lakes by minor amounts.
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The other two diversions, the Welland Canal
and the New York State Barge Canal; are inter-
basinal. These have no overall effect on the
Great Lakes — St. Lawrence River system, but.
the Welland Canal lowers the water levels of
Lakes Erie and Michigan-Huron.

Channel modifications have been under-
taken in'the St. Clair-Detroit River system. These
modifications range from sand and gravel min-
ing to'large scale channel dredging for naviga-
tion. In some cases, dikes were placed as'
compensating measures and for disposal of
dredged materials. As-a result of the'se modifi-
cations, water levels of lakes Michigan-Huren

_have been lowered by minor amounts.



JOHNSTON

Chahnei- and shoreline medifications have
also been carried out in the Niagara River. Con-
struction of the Pegce Bridgs, the International
Railway Bridge, the Black Rock navigation lock -
and canal, and other shoreline changes have
caused réstrtctions in the flows in the Niagara
River, thereby raising water levels in- Lake Erie by
VEry-minor amounts.

Both the control and diversion moedifications
affect the lake levels.in terms of inches rather
than feet and do not, therefcre, constitute major
factors in the natural system. The estimated

impacts of these modifications to the natural

system are shown.in Table 2.

"Since the 1930's, there has been a natice-
able‘increase in the rate of basin runoff Itis
thought thatiand use changes in the Basin,

-such as deforestation, drainage of wetlands,

and urbanization, have been instrumental in this
change. Similarly, varicus controls onice build-up
and movément and plant growth, flood control
storage constructions and other modifications

to streams have affected the timing 'of water

. movement. A varying amount of water 15 also

withdrawn from the system for.consumptive

. uses of various kinds and not returned. This:

amount presently runs at about 4, 800 cubic feet
persecond {127 cubic metres per secondyand
could double by the year 2000,

o LONG SAULT

CORNWALL

FOR MORE DETAIL
SEE INSET BELOW

BARNHART {SLAND

ONTARIQ

WOSES - SAUNDERS
POWERHQUSES

CORMNWALL

{ CORNWALL 1SLAND

NEW YORK

Figure 14: LAKE ONTARIO CONTROL STRUCTURES
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Table 2

Superior .

Michiganll-lurbn

Ontario

: ImpactsofCh"annelr :

Eétimateql Impact of Nfoélifigatio'ns-tp The Natural System in Metros (Feet).

Impacts of Current Diversions

Impacts of Current ‘Accumulated

" Forthis section of the report, the focus of

1he present study is on. ‘theimpact of fluctuatmg '
water levels onthe shorelings: ofthe Great Lakesf .
-5t Lawrence River Basin. The shorehne its nature

and how it is affected by.lake levels, is the

' -second majorcomponent of the natural system
which has to be consrdered N any. analysrs

ofthe impacts of polrcres and acuons {see
AnnexB Sec 3) '

At this point in the study, it is still necessary
to describe the shoreline characteristics qualita-

tively: Computer models have been'dasigned,

“which will enable us inthe near future 10 give

muich more accurate and detailed descrrptlons

- of both the naturé and response of the shorellne‘

to lake levels and to assess actions taken in
regard to them '

Dredging/infiliing Regulation - Ixmpa_cts
_ Michigan/ , LongLac/’ . : ' '
Huron - . . Erie . ] Ogoki .Chicago Welland Su_perior_ - Ontario
o 0o - 4003 0 <o +0.09
(0) () +0.3) (0] - (+03)
038 +0.04 4011 006 004 . 0 033
(13) (+01) . (+04 (02 ¢on (0] R RTE
o =012 4007 . 004 . -012 - 0o *003
(0) (+04)  (+02)° (01)- . (04 S R e B 1)
0 0 . 4007 -004 e 009 008
© @ (#0201 (-03) (-0:2)
- A comparisan ofrregullat_edr versus ‘
- natural Lake Superior levels is incon-
 clusive due to uncertainty:in the
. natural Lake Superior outlet conditioris
"~ and lake fevel data prior to modrﬂca—
tron of the outlet.
' The Shorelme _ The shoreline is deécribed by several major

types of- physrcaf bcecurrences: b!uffs beaches,
wetlands and rocky shores Each type responds .
ta the action of the lake waters in different ways.

- The biuff areas are most susceptible to erosion: -
- the rocky shores |ast. Beaches are maost change

. able and shifting, adapting themselves to pre-
. vailing wind and water action Wetlands, which

* are often segarated by low natural barriers from

the main.bodies of water are highly dependent

* on-fluctuating lake levels and rénewal through

periodic floading: The effects of water levels -
and wave action differ markedly aceording to
the dominant type of shoreline and..therefore.
each lake expériences different effects.

Lake Supérior has long‘str.et'ches of rucky S
cliffs along its northern and a part of its'south .

’ cé_mréhfshore.-Th_éwestem end, however, is -
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predominantly low-lying clay and gravel bluffs.
There ara also extensive wetlands, particuiarly
along parts'of the southern shore and some
sandy beaches, for example at Pancake Bay,
Ontaric-and Whitefish Bay, Michigan. The shores

cf St. Marys River, connecting Lake Superior and -

Lake Huron, are low:lying and generally erod-
ible and-contain wetlands and numerous islands

The shoteline of Lake Michigan is known for '

its mites of sand beaches and dunes along the
eastern side of the lake, which extend almost -
from the Indiana border at the southern tip 1o
the Straits of Mackinac in the North. The low -
erodible plain in the vicinity of Chicago is exten-
sively protected On the wastern side ofthe
lzke. the predominant land charactenstic s highly
erodible bluffs. At the northern end. there are
stretches of rocky shore. There are wetlands
along Green Bay, Big and Little Bays de Noc and
atthe drowned mouths of rivers draining into
the lake. ' '

Much of the northern shore of Lake Huron
and eastern shore.of Georgian Bay are com-
posed of expesed ignecus rock. Limestone bed-.

~rock dominates the shores of Manitoulin Island
" and the Bruce Peningula. Much of the western
shore of Lake Huron is erodible low plain. The
southern share of Georgian Bay and the south
eastern shore of Lake Huron consist predomi-
nantly of beaches and dunes. for example at .

"+ Wasaga Beachand Ipperwash. and stretches

of low bluffs. The flood-susceptible shore of
‘Saginaw Bay, Michigan consists of the exten-

sive wetlands of Inner-Bay and sandy beaches

of Outer Bay.

The St. Clair River, Lake St. Clair and Detroit
River connect lakes Huron and Erie. The shore-
hine of this region is genarally low-lying and
~ susceptible 10 floeding and erdsion; shore pro-
tection is.common. Extensive wetlands are found

in the St. Clair River delta and afong the eastern :

shore of-Lake St Clair

Perhaps the most erodible shorelin'e is the
-north shore of Lake Erie, much of which consists
of deposits of glacial till and siretches of exposed

bluffs.up to 120 feet {37 metras) in height. Exten- -

sive wetlands are found here as well, some of
which have been diked and drained for agricul-
tural uses. Much of the shereline along the west-
ernend of Lake Erie is flood- susceptible low
plain, and extensive areas of the southern shore

are erodible. Exposed limestcne bedrock or shiale

26

deposits characterize parts of the eastern end
ofthe lake. Major sand depositional features,
such as Long Point, Ontario and Presgue Isle.
Pennsylvania, are found on the Erie shaoreline.
The Niagara River. connecting Lake Erie and
Lake Ontario, is composed cf low banks inthe’
upper portion and a deep gorge cut through
the limestone bedrock in the lower river below:
the Falls

‘Much of the northern and western shores
of Lake Ontario are consolidated clay, siltand
sand and are characterized by bluffs and some
sandy beaches 2nd marshés. The harbour at
Harmilton s formed by a substantial sand bar.

“Sand beaches form Toronto Island, whigh pra-

tacts the harbour there From Prince Edward
Countv to'the St. Lawrence.River, the shoreline
changes 1o bedrock with a few beaches and -
marshes in low-lying areas The shorelineg along
New York State is predominantly bluffs whicn
are subject 10 erosion, especially from wave

action The bluffs are nterspersed with wetlands .

and a few gravel and sand. beaches espeCraIIy
near Rochester and trondequort

The international part of the St. Lawrence
River flows overbedrock and is basically rion-
erodible. The Quabec portion, upstream of Mon- -
treal, is low-lying and erodible, with wetlands
around Lac St Fraricois The St Lawrence River
has an impact on the levels and flows on Lac
Des Deux Montagnes and the Back Rivers that -
surround the sland of Montreal, where exten-
sive diking protects low- lying urban deverop '
ment. Downstream of Montréal, the shoreling
is generally low-lying, eradible and marshy in
places. for example arcund Lac St. Pierre,

Interaction of Land and Water

- The.zcne of interaction of land and water
has complex characteristics; the shoreline
changes constantly through the movement, re-
moval and deposition of materials by the action
of the water. The different types of shorsline and
their configurations respond to the erosive action -
of waves and lake currents in different ways and
to different degrees. (Annex B, Section 3.2)

Waves generated by wind are the cause of
most shoreline erosion, depasition of materials
and teach configuration. By calculating height,
length'and period {time between_successive
crests), the impact of waves can be estimated.
although the shareline itselfthrough its orienta-
tion, configuration and materials determines the



effect-the waves will have Bluffs, if formed of
glacidl or other erodibte soils, will collapse or
slump as the waves undermihe 1he toe of the
bluff. This-action results in the.typical vertical,
bare bluff faces on some parts of the lakes.
Beaches, on the othér hand, shift and change in
response to storms and wave act_loh, Generally,
the main movemnent of sand is along the share.
_although there may be significant offshore losses
" in some cases, and the movement of sand is
dictated by wave direction. - :

Currents in the lakes are caused by the
earth’s rotation. inflows and outflows and wind
The shoreline processes, however, are- driven
primarily by currénts resulting from wave action:
The action of the waves entering shallow shore-
line areas causes underwater currents which
.dislodge sediments. Since waves regularly
breal at a slight angle to the shoreline, the
sediments tend 1o be transported along the
shore. The movermnent of water in'the system
and the prevailing winds lnfluence the pattern
of this deposition.

The constartt interaction of tand, waves and

currents causes varnations in the’develo’prﬁem
of the shoreline. The. waves whupped upina -
storm sirip beaches of sand; the long. swell
waves build beaches by depositing sand. Mate-
rial eroded from the biuff can be deposited

along the shore. These activities take place within

the littoral Zone, whiich is defined spatially as
being oetween the point where waves break off-

shore’'and the imit of wave penetration-onshore.

" Sand movement along shore in the littoral

zone s cntical to the development of the shore- -

~line (Annex B, Section 3.2) Lateral boundaries
oflitteral cells can be-determined by the direc-
tion of net sediment transport alongshore whuch
is controlled by the predominant direction of
incoming waves in relation to the shoreline.
Shoreline protection and navigation structures
can.directly influence the natural transport
system,.impedihg sediment, increasing erosion
downdrift, and reducing the buildup of natural

. depositional areas such as Long Point.

Fluctuations in water Ievels have little influ-
ence on long-term recession in many shoreline
arcas. Wave action and composition of shore

materials are the most significant detefminants
of long-term changes in the shorelines. (Annex 8,

Section 3.2). The level of the lakes determines
the shoreline areas most affected by flooding,

but it is apparent that most flood damage s

attributable 1o'storm events. Although not yet
developed in sufficient local detail for all areas, a
flood plain for the Great Lakes has been identified.

Other factors, such as groundwater, surface -
water, wind and ice action also dictate change
in the shdreline. In many bluff areas, groundwa-

-ter flows out through the face of the bluff caus-

ing a collapse of the bluff face and extensive
loss of land In other-bluff locations, the flow of
surface drainage water down the bluff face cre-
ates large gullies. Some gullies are over 500

-feet (160 metres) wide at the takeshore and

extend inland for over one mile (1.6 kilometres)
Cirect wind action and the action of ice also
cause important localized shoreline changes.

The Wetlands, Wildlife and the Habjtat

Coastal wetlands are the most productive
and divérse component of the Great Lakes eco-
systern. Not anly do they provide the natural
habitat for a myriad of flora and fauna, but their
vegetation absorbs and slows the quantity of
toxic pollutants and nutrients entering the iakes.
In the wetlands, water level changes have a
S|gn|hcant and complex impact.

“The vegetation of the wetlands 'débends on

" the cycles of chahge for survival and balance. At

low water levels, the soil becomes mare aer-
ated {oxic), vegetation cha'r\ges dramatically as
species emerge from reserves-of buried seeds,
and trees and shrubs encroach on the lake. At
high water levels, the soil changes to anoexic and

‘the rising water opens up the dense growths of

cattails, trees, shrubs and other plants. These
periodic perturbations are what allows the wet-
lands to sustain a range of emergent plant life:
which do not flourish. for example, in smaller

lakes with more stable water levels. This pro-

cess involves a multitude of species of vegeta-
tion and the greatest diversity'is often supported
in those areas.of the wetlands where the water

- levels fluctuate the most Reducing the intensity

and frequency of change would cause major
changes in the wetlands.

There are rhanv types of Wetlénd configura-
tions on the Great Lakes (Figure 16), but they
share an immediate dependency on the actions
of the lake levels for their cyclical transforma-
tions. Fluctuating water levels increase wildlife
diversity. During high water periods, waterfowl,
muskrats, temns and herons and many reptiles
and amphibians flounish. Fish populations in-
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) crease through their access to the lake from the
spawnlng grounds. provrded inthe wettands
Low water levels allow for different populations,
such as red- wunged blackbirds, marsh wrers,

. rails, deer, rabbits-and smaller mammials. to.be

nurtured. The important thrng to note here'is

that neither flooded wetlands nor dry wetlands o

Care rmost suitable to wildlife; but rather the

changes themselves are what seem to be-most -

effectivein sustalnlng and ba!ancrng populatrons.
{Annex'B; Section 3.3}

: The relatidnship of water Ievels Wildlife'and ‘

vegetation-is the basrs for the support of life'in

" the Gréat Lakes Basin. -Although-not all aspects

‘of this relatuonshrp are known and understood
itis-clearthat changes in any part of it will

.. have very wide tmplrcatrons for the others. For

some.wildiife, such as migratory waterfowl,
the wet|ands of the Great Lakes are critical to
-~ their surwval

The role of wetlands ih water purlflcatlon is -
also of critical |mportance in attempting to gain:~

an overview of the mterconnectedness 'of the:’

elements of the natural ecosystem andthe |mplt-', B

- cations-for humans in the Basin.. Recent studies

have indicated that the role of the wetlands ll"l T

- water purrflcatton needs to be-given sericus o
consrderatron Not only do the wetlands slow ,
down.the:movement of sediments and, thereby

trap ] pollutants. but the plant life absorbs mary -
~of the more persistent pollutants, such as heavy o

“retals. All thesefunctlons are, of course, in-

T addmon to the uses which humans make of the

wetiands for sport, recreatnon commercnal actrvr
tres and aesthetrc enjoyment :

) 'I’_he_ extent of the _wetlands today is differ-
ent from what it was earlier in the century. -
Approximately 50% of the origirial wetlands in

the entire Basin have been lost through humari. '
" interventions-and this loss continues at rate-of

-about 20,000 acres (8,000 hectares) per year,
Cumulative wetland impacts, while appearing .

* minor individually, amount to srgntfrcant Iosses .

" Today there are about 500,000 acres (170, 000 .

. hectares} left along the shores of the Great Lakes. .~

Much of the wetland area remaininig is further

reduced infunction and value because of shore-, '

ling changes, proximity-of deleterious. human
activity and redGced size or access to the Iakes
"~ However, in spite of this, the- remaining wet-
lands are of extreme value to the: natural systern:

28
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6. LAKE - CONNECTED INLAND

" BARRIER BEACH

MAN - MADE L

Figure 16: GREAT' LAKES WETLAND TYPES

7."PROTECTED

The Aquatlc Enwronment Habltat -

. and Water Quality

The aguatic environment of the Great Lakes

-.and connecting.channels is vast in size, varied in -

compesition, and a home'to.many life forms

(see Annéx B, Sec..3.4). Basically, this-environ- -
ment consists ofthe wateritself, with its differ-
ing physigal and chemical properties, and of the

- rock or sediment which underlies it. The lakes

themselves-are separated |nto nearshore areas
where the influence of waves and currents is

- mare ‘apparent and the eftect ¢f human use of

the shoreline-is mast eévident, and the deeper

- offshore areas where stability is the dominant

factorand human intrusion has not ieft as clear
amark. The.conngcting channels-are very much
a refiection of the lakes which contribute water

" tothem. The dominant factor here'is the rapid
‘movement of water and-short-term changes '
~ brought about by variations in the flow. Depths

in the channels vary but the amount of water.
stored even in the.deeper areas is insignificant-
comparedtothat in the Iakes.

A ruch varlety of life is found in these waters :
Fish are the most srgnmcant for humans. but
they are dependent on “lawer” forms of life,
such as plankton; in both plant and animal farm,
which inhabit the open water hear the surface.

A multitude of animal life exists within the bot- -
tom’ sedrments Watertemperature levels of - -

—oxygen. the quantlty of nutrients or plant and.
" animal materral avarlablefor food. the presence
‘arabsence of sunlrght penetrating the shallower

depths and the’ presence or absence of con-.

) tamrnants in the water or sedlments determme
the' specres present and thelr relatrve abundance:

AII of the'lekes‘and channels'show some -

sign of Chem|ca| contamination from industry;
‘agrrculture ‘waste.disposal, and other hurnan-

activities. {Arnex B, Section 2.4}, Lake Superror .

15 least affected; parts of lakes Michigan, Erie -

and Ontarro and the Niagara Rlver show.the
moststress. The International Joint Commission _
has’identified 42 “Areas of Congern’ throughout

- the Great Lakes. Nearly all of these locations
_requrre immediate and concentrated remedral
attention bacause-of the degree td which their

bottom: sediments, and, therefore, overtying

“waters, arepolluted. Water qualrty is less prob- ©.
~ lematic outside of the Areas of Conicern. but is
stillan issue of system-wide significance. The
- farther downstream one proceeds, the more.”

water quality is influenced by the' curnulative |
inputs from human activity in.upstream areas.
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Lake Superior consists of two large basins, |

the westerly one having a smooth mud bottom
with some rock cutcrops and the easterly char-
acterized by a north-to-south system of ridges
and valleys. Both its plankton and fish commu-
nities are dominated by species indicative of
excellent water quality and low fertility. The
fishery consists:largely of lake trout, whitefish,
and lake herring:

Lake.Michigan is divided into three basins,
the soUthem being gently sloping and with a-
sediment-covered flcor, the central, ireguiar with
a limestone bottom, and the northern, with a
rock-dominated ridge and valley system. The
deeper waters are generally infertile, while those
close to shore contain more nutrients. Cherical
contamination is a concern.in Green Bay and in
the southern basin. Aquatic life is more varied
than in Lake Superior; salmon, whitefish, perch
and tisco comprise most of the fishery.

Lake Huron contains three basins: shallow
Georgian Bay and the northern and southern
basins of the lake. Nearshore areas have sandy
bottoms, while in deeper areas the lakebedis

largely clay. Water quality is second only to Lake

Superior, with the exception of Saginaw Bay
and smalt portions of Georgian Bay. The fishery
is primarily lake trout, whitefish and bloater chub.

Lake Erie is the most eutrophic of the Iakes
largely because of its shallowness; chemical
comammatson 1s evidentina number of areas.

There are three separate basins and the bottom

of all three is sediment-covered with either silt -
or clay. The plankton community is dominated
by specias tolerant of highér fertility; walleye, '
* yellow perch ‘and smelt are'the most S|gnn‘|cant
~fish spemes

Lake"Oma:rio is divided into a gently siop-

ihg," mud-and clay botiom western basinand an

eastern basin, also.of mud and clay, but charac-
terized by rock outcroppings, including islands.
The waters are moderately fertile, with localized
evidence of contamination. Lake trout, salmon,

smelt and alewife are the dominant fish species.

. Connecting channel bottoms are mostly clay - -

" where significant currents exist, silty in areas
less frequently flushed out. Water quality reflects
the input from the upstream lake(s) as well
asthe often concentrated industry along their
shores. The fish and plankton species generally
. reflect those of the upstream (also downstream
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in the case of fish) lake.

Generally speaking, the aquatic environmerit’
of the lakes is lessinfluenced by water level
fluctuations than are wetlands and the shore-
line. {Annex B, Section 3.4}, Much of this envi-
ronment is beyend the influence of waves and
many aquatic organisms are mobile and seek
conditions to which they are suitéd. Storms
have an effect, particularly on nearshore or rocky

shoal areas, and can provide and-distributé -

organic matter and sediment to somejocations,
while scouring and flushing out others. The -
cleansing of rocky shoals used by fish for spawn-
ing may be especially beneficial. On the'oth.er
hand, the connecting channels, being most sus-
ceptible to changes. are the aguatic environ-
ments most affected by water level fluctuations.

On the whole. high levels tend to be
beneficial to aquatit habitat and water quality,
becausé oft_he lower concentrations of pollu- -
tants and reduced need to dredge contaminated
sediments. At the same time, some water quality
degradation can result fram flooding of septic
systems, reduced treatment plant efficiency
and submergence of shoreling vegetation and
nutrient-rich soil. Sustained low water levels
concentrate poflutdnts, increase the need to

,dredge reduce dilution of waste discharges, .

limit- the_ flushing and cleansing of shaliow near-
shore areas and embayments, and. through
wave-actior, re-suspend contaminated fine sed-
iments. Water temperatures rise and dissolved

oxygen levels drop during low levels,

Low levels also reduce the amount of “edge”
habitat for fish and other aguatic organisms,
especially in the connecting channels, and may
lead to isolation of some fish habitats. Habitats
for fish spawning may be particularly suscepti-
bla. High flows move larval fish and other small
organisms more rapidly through the system,
improving their prospects for growth and survival,

A perspective that must be kept throughout
this discussion is-that, while sustainad high or

low fevels and flows can have either posmve or

negative consequences for water quality, aquatlc
habitat, and aguatic life, fluctuations in water
levels and flows are a positive force from-which
life forms have evolved and adapted over m|I-

"lennia, and upon which contmued ecolog|cal

balance depends. ‘



Geographic Information System

In anticipation of the needs of this study
for a'simulation'model of envirenmental interac-
tions which can manage large amotints of data,
format variables and visually depict the geo-
graphic results and responses to proposed plans
of action. three components are being integrated
{see Annex B, Sec. B}. The firstis a Spatial
Evaluation Framework, This is the framewaork for
providing spatial detail with respect to resources,
measures and impacts. The frarework encom-
passes divisions in the data to accommodate
assessments at the 'scale of all the lakes, an
individual lake, a littoral cell within a lake, or a
number of réaches within a littoral cell. Each of
these levels of resolution is required because of
the nature of the measures, some of which have

basin wide impacts, whereas others have impacts .

limited to a single reach. This resolution is also
required because of the nature of environmental
resources which exist in some reaches, but not
in others. The nature of the prablem will
constrain the range of measures selected to
‘address it.

The-second is'a Coastal Zorie Database,
which is the collection of information which
exists for each spatial sub-division within the
Spatial Evaluation Framework. Information on
wetlands, fish habitat, water quality, nearshore
sediments, coastal processes, and land use,
provides the raw material with which to begln '
assessments of measures :

The third; the Geographical Information Sys-
temn (GIS), is a set of computer software, which
allows the overlay, analysis, and display of spa-
tial information stored in the Coastal Zone Data-
base. Combining information from different data
sou’rces_provides-khbwledge not presently avail-
able, such as the number of square kilometres
of flood prone and erosiony prone land along .
shorelines. Combining information on the loca-
‘tion of residential buildings with the location
of flood and erosion zones, provides accurate
counts of dwellings at risk. Using-the shoreline
information and the modelling capabilities of -
the Geographic-Information System, the results
would provide a visual, geographic picture of
the coastal zone as it would respond to various
projected actions or conditions. '

The Climate

There is much speculation and s0me sefri- ‘
ous study being attempted in-order to predict
and understand future climatic change (see

'7 .Annex A, Sec. 4}, Much of this has been brought

aboutin the last decade by a concern for the
effect on the earth’s atmosphere of the accu-
mulation of chemicals produced by the indus-
trial world. Although the climate is a matter of

' global scope, the impacts of climate change will

be felt directly in the natural ecosystemof the
Great Lakes —St. Lawrence River Basin. It is
worthwhile, therefore, to pursue some of the
possible'consequences of scenarios which have
been put forward in regard to future climatic
variation. If the historical record is analyzed and
the possibility of major climatic change set aside
for the moment, there are indications that the
first forty years or so of the 20th centurywasa
period of unusually low water levels. Both before

- and after that period we have experienced higher

than average levels on the lakes. It might be

- concluded from this that recent high levels are a

return to “nofmal" levels rather than an aberration.

In the past few years, however, much of our
attention.has been directed toward the so-called
“greenhouse effect” of rapidly increasing levels

. of carbon dioxide and other changes in the

upper levels of the earth’s atmosphere. If, for
example -the carbon dioxide levels doubled., the
impact on the natural ecosysiem could be dra- -
matic due to increased air temperatures. Higher
evapot_ransplirétion over the land mass, higher

“lake surface evaporation, and lower runoff could

lower lake levels. The timing of runoff and the
present flow patterns of the Basin drainage would
also be affected by the decrease in snow and
ice coverage and the increase in aquatic plant

~ growth'in the tnbutary systems. Exact estima-
-tions are difficult to make, buttrial calculations

for a period of 35 years {model of Ore’gon'S'tate
University) suggest that the change in mean

lake levels would range from -0.78 foot (0.24
_metre) on Lake Supertor to -3.14 foot {0.96 metre)

on Lake Michigan and Lake Huron. Other mod-

" els suggest as much as -8.27 feet {2.5 metres)

on the middle lakes. Even in the more conserva-

 tive of these estimates, the present control reg-
‘ulations would no longer function because the

water supplies would be lower than those on
which régulation plans for Lake Supenor and

. Lake Ontario are based:

. Although the climate change models now

~ being created are speculative and a long-term

concern, work is underway to predict more acou-
rately near-term weather and water supplies in

the Basin. As these come into more common
.use, it may be possible to issue more cogent

31



'warnrngs about future oondltlons than 1S NOwW

: possrble In turn, ourgrowrng understandnng of

- climate change processes willallow us to esti-
mate rmore accurately the |mpacts which.will

. be- expertenced in the system and'to develop

- -decision-making tools tordealtng wuth risk
and uncertarnty e

While the natural svstem is complex and .
. difficult to analyze exhaustrvely it1s possible to
. determinge the key factors which need major

" ‘consideration i nany process of decision-making

.or management for the Great Lakes — St. Law-
-rence Basin, -

-'_The flu,ctuating levels of the Great Lakes are
-the result.of the variability-of supplies of water in

~ the Basin. In fact, the fluctuatrng lake levels.are
‘the mechanism by which the lakes average out’
. the changirig supplres of water. The two key
factors for thIS hydrologtcal performanoe are

. precipitation and -air- temperature The predict-

- ability of the system depends on the analytical”

. knowledge. of these factors and an understand-

' ing of their underlying-physical processes and

) mterconnectedness A great deal i$ known about-
" the natural eoosystern Factors, such as precipi-

tation; evaporation: and runoff, have beenthe
- subject of careful reoordkeeptng and extensrve .

analysis in this century. This wark conttnues a

- recent area of study has fooussed on tnoreasung‘

- knowledge of runoff through a streamflow
) gaugrng network. :

The effect of the water on the shorelme s
pnmarrly aresult of the composrtron and con-

-‘flguratton of the material base (geomorphology) ;

of the shorellne and of the impagt-of waves and

currents on it-The lake levels influence the land-

,ward extent of the waves and currents and

flooding of Iow lying areas, but for many shore

areas; have Ilttle |nf|uence over long- term -

S Tecession rates. . o
The abrltty of the wetlands (] functron IS

. strongly dependent on lake level fluctuations. '

-~ The key factorfor wetlands is diversity. ‘At near-

T constant water levels, stable plantcommunrtres
. develop at various depths and each is ultimately

dominated by the species that.compete best. -
“This results in'large, unifofm stands of plants, -.
such as cattails, loss of rare plant spemes -and.

B ‘Ioss ‘of dlverse habitats and food.sources for fISh:- ‘
" and wildlife. When water levels fluctuate, the o

~plant communities respond, the result being an
- " ever-changing wetland with many plarit and
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the rmpacts of lake Ievels in the natural systern

. cigs and the: response of raré. types of wetlands o

-of future: interventions are not known. Agreat _ -

: animal species. Since the wetlands support witd- :

life and itshabitat, and are important in main-

taining water qualrty their gradual reductlon can

be seen as one of thethanges which magnrfres

The basrc coastal processes such as wrnd

- chimate, wave hydrodynamrcs currents water
level fluctuations.-hydrological processes and -
N chmatologrcal processes are well known, and
. wehave good general knowledge about the
‘ composntlon of existing shorelines and their

response to-wave action, storm activity, and .

" water Ievel fluctuations: We need more waork in
‘establishing the exact: relatlonshlp between statuc '
‘ water levels and storm actrvrtles in regard to -
‘ erosron and ﬂoodlng of specrflc shore areas

The prnme |mportance of wetlands as habr- o

Aat forplant and anrmal speores has become .

very clear but we still need more mformatron on-
location and extent of wetlands, ESpeCIa‘Ily o
Lake Su perio'r and Lake Huron, Be‘cause of the

R

o great variety of types of wetlands, more specific

knowledge is required to understand the effect

’ of duration of water level fluctuations, the' rela-

tionship of change in vegetatron to animal spe-

and. wetlands whlch have been dlsturbed by
human mterventlon

One area in Wthh our knowledge is as yet

_.f‘very limited isin fish spawning and fish ‘habitats. _
‘A systern of classrflcatton for fish habitats is

needed and spawning areas need to be tully

_inventoried: This knowledge is basic to under-
'standrng the impacts of water level ﬂuctuatrons ‘
on ftsh populattons and habits. S

Although human |ntervent|on whether reg-

.ulatlon dredgrng drversrons shorellne changes:
: consumpttve uses or land use changes, ‘hasg had

little impact on water Ieveis and flows, the |mpact

deal of further study is requrred in order to under- | .
stand the economic pressures ' changing values

) and palitical developrnents as well as the growth
" of population and urbari expansuon which will
‘ '-Taffect future tmpacts on: water levels- and flows .

Althou‘gh Io_ng-range.clir‘nat_io-ohange_oan=
not be predicted with any certainty. short-range . -+

- weather changes can be anticipated. The three

. mostimportant factors ofweather forecasting .
- 'for the Basin are air temperatures, precrpttation
-and storms in regard 1o clrmate change we



_know that the levels of carbon dioxide and other . B
- gases inthe atmosphere are increasing and that ’

there ig a very real danger that these will cause

what has been cailed a greenhousé effect on -

the planet More knowledge is needed, how-

ever, about factors contributing 1o climate change

* and how to improve the predrctron of future )
weather patterhs ) :

Inthe area of water'qu'elity, the iImpacts.

of extreme Ievelrs_, on the resuspension of pollu-

tants and on the volume of discharge from
sewage treatment plants and septic systems

wilt require future study in order1o better- estab-

lish the relatronshrp between water quahtlty and
waterqualrty

The salient factors of the naturel system, or -

© that part: ofthe ecosystem which is not primarily
human activity. -re, then, precipitation; air tem-
perature, evaporation, runoff, shereline compo-
gition and confrguratron wave-and current action,

‘ wetland_extem, storms, _ahd the plant and ani-

- mal species arid their habitat Altheugh there

are many otherfactors that will be brought info

. thrs study, these ara the ones which must be

“included inany basic analysis of the GreatLakes — )

5t Lawrence Rrver Basin as a natural ecosystem

¢ While muCh is known_about the natural
system and how it functions, much is left to be
“dona. Each avenue of investigation opens up -
new areas of knowledge, and these must be |
studied and the interrelations carefully ascer:
. tained. Thé components of the human system;
in turn, are interconnected with the natural and
the total complex poses the problemslwhich

governments will have to deal with in the futare.
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Interests and

Chébter '

@

Their Investments.

Introduction -

The boundaries of huran activity which are

germane to an analysis of the ecosystem are- *
" much more difficult to determine than those of -

the natural system. The geographical boundary -
of the natural ecosystem does not delimit hurnan

activities, many, of which take place thousands
of miles from the Basin. One need _only think -
of the decisions for industrial and commercial.

[investment.or the Ieglslatnve decisions of national -
- governments to be aware of their distance from -

“and yet undeniable |mportance ‘tothe €Ccosys-

. tem! Indeed, almost any of the huran activities

could be pursued to sources or purposes out-
side of the geographlc basm :

Any |dentn‘lable groups, who see: themselves
as affected by the fluctuations in water levels -
and floves or by policies and measures to address

fluctuations, have been defined for the purposes

of this Study as interests. These interests, both
‘inside and outside the Great Lakes — St. Law-
rence River Basin system, have been catego-
rized into: ten groups based upon their use of
the basin. These categories are: agriculture,
cornmercial fishing, commercial and industrial,
electric power, environment, native peoples,
recreation, residential shoreline propérty own-
ers {riparians), fransportation, and-government.
. The categories tannot be comipletely separated:
‘native peoples for example may be shdreline
“dwaellers, enwfonmenta!ists and commercial
- operators. In effect, this categonzatlonfocusses
on the domlnant_actlvules and concerns.’

ttis important 10°attempt o describe how -

“the human activities interact with the natural
~ ecosystem and with each dther. These interac-
tions need 1o be seen against the spectrum of

implications of actions and decisicéns. It was not

~ possible to pursue these implications in detail,

but the possible results of actions need to-bie
delineated. A number of factors'affect. these

‘interactions: inciuding such determinants as

location, nature of the shareline nature of tech-

' nology used, polltlcaljunsdlcuon economic

enwronment or context, proxnmlty to other users

,and amtudes

Progress in resblving ormanaging the water ©

levelsi issue depends in large part on understand-"
,mg the réasons for which interests péetition gov-
" emments anid the rélationships between these

“positions” and the responsibilities of govern-
ment. The-current decision-making prfocess in
resource management is becoming-more ¢com-

_plex; in addition to evaluation of hvdrologic
phenomena, engingering possibilities, costs,’

economtc,development benefits and public. |nfer- :

.mation, there is an invalvernent of a larger pub-

lic compenent which necessitates close con- ..
sideration of the positions taken by interests.
how they respond to changing.conditions and

‘how they interact with governments -
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Attemptmg to descnbe these interests and
theirinteractions with each othér and with the
natural énvironment is a difficult'task. The ale-
ment of subjectivity of such an exercise is com-

a bounde'd by the political voice of the interests
-and the|r influence on the process of: decision-.

© - _making. Inthi$ study; an initial investigation of

the posmons ofthe interests has been carried
out through a'series of in-depth mterwews {See
. Annex C) and public |nteract|0n via tetevmton

" hook-upin ten key centresin the Basin (See

~Annex G} The resultmg generaltzattons made .
willof necessity become a part.of the grocess of

interactions from which a strategy for.action.will -

. eventually be develdped.

. Given the diversity of interests in the Gréat .-

Lakes — St. Lawrence River Basin :ar'td'their-greatty‘_ i
~varying perceptions, a description of their posj- +

“tigns would be cornplicated encugh, but further
complications arise from the accuracy of the

information on.which that position is based, the :

‘ variations in posmons within each interest and
their level of access to the decision- makung pro-
cesses for the Basin. \Nas the erosion caused by
~wave action, run-off or water levels, as the intef-
"est claimed? Whiat control of lake levelsis =
possible, muchless desirable? The impacts of
-"Iowenng lake levels on the upper lakes 1o bene-

fit shoreline interests there will elicit a different -

response from the shoreline interests on Lake
Ontario and those on the Jower St. Lawrence
- ~who experience the increased flows released
.through the contrdl structures at Massena/.
Cornwall. There are thousands of riparians on .

the’ shores of the, Iakes but few electrical’ gener- "

ating plants and vet “the power plarits aach
represent a very large capital inyestment and

have millions of people, including.the riparians, '
~ depending on them These are all important
dimensions of the positions of the interests,
which determing their participation as parts-of.
the larger ecosystem and.its governance.

) 'Behind each interest's position are values,
: whigh the interest sees as of prime importance:
The rights of private: propertv as opposed 1o

communal'rights is an issue which touches every-

..attempt to deatwith i is5Ues through reg ulatory
_channels. There are other values which the inter-
ests feel sheuld direct governmental decisions.

) lForexampIe the transportation interasts may

_._see economic advantage as an overriding value, .

. whereas the riparian may give pricrity 1o the
value of social accommodation or eguity. The
" environmeritalist; on-the otherhand, may see
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the protection of the ecology as the foremost

o ‘requiremeint ofany:humart aCtiwtv, whether.of -

governmantor of individuals. These values, while

~ desirable ih many-cantexts, are often Con‘fhcting

or need 1o be rated for priority. They colour..

:whether or not the interests trust thie findings of

the “éxperts”, howcompassuonatelythey udge

.the needs of otherinterests, and how inflexible
thelr posmons may be ‘

" An importaht f_acto'r'im the positions taken

. by interests is the resiliency of the interest to -

fluctuations in water levels and flows. Their situ-
ation, the_ré.for’e. cannot _be simply measured in
terms of impact, but must also include consid; -

_eration of how readily they can adaptto a change

nlake Ievels Shipping may-prefer higher lake

levels because they ailow themto carry greater-

loads, but they can adapt by varying the amount -

they transport. A ri;janan who has built on the

shereline has fewer options. The envirdnmen-

- talist, watching vaiuab ewetlands disappear.’

every year from pressure for development.knows

,these habitats as nature provided them are gone

forever and. that tha reStllencv of the thdllfe and
vegetat:on has beenreduced. The ability to adapt;

isvery different in each case and the intensity of"
_the posmons taken may varv accordmgly

Geographic Ioeation a'nd th"e'period oftime
under consideration will affect the position taken -
by interests. Often, decisions made at some

distance from the Basin will drastlcally change:
the range of activities of the. interests; the decline

of the world market forsteel; the aV8t|abI|ItV of

- more leisure time and money, & heavy harvest or |

a multinational takeover can cause far- reach_tng g
changes in the Basin. This interaction makes it

more difficult to ascertain how hydrologlcal

changes will affect partlcular interests and more -

‘mperatuve to define the positions of thle.lntetests.

The hurnan system and the natural system -

~dre bound together in a constantly changing

process of unconscious ‘adjustments in the nat-

* ural system and conscious adjustment inthe

human system. This “"conscious adjustment“'
needsfo be ketter understood in.ts Somat eto-
nomic and’ polmcat dtmens:ons

The Investment Model :
The decision to locate in the Basin may be

:_Iooked atinterms.of an mvestment model”.
- The ifvéstment demsmn is made; by and large.

inorder to obtain a. maxumum of utuhty ar benefit

" Gver costs, which in ‘this case may in part relate



to water fiuctuations. Location, technology. past

‘experience. reliability and availability ot informia- -

tion,.and level of risk-taking are some of the -
considerations that may determine the final deci-
sich. Once the investment is-made, there wil

" exist an-asset, which may-be said to have a
profile resulting from the considerations that

went into the decision-making. Itis this asset -

‘ profrle which determines the kind of conscious
adjustments to fluctuatrhg lake levels. Wthh '

- canbe made :

A_hother concept vvhich may be generalized
from the activities of intérests in the Basinis that
~ of the “design range " of the investment. Thus,

_ the distance from the reach of lake levets; the
depth of water required for paséage, the flow

- of water needed for removing wastes are all

. aspects of the desigrni range. This range can be’
radically-affected by the confl [cting pressures

and trads- offs. of opportunity césts and levels of -

vu_lherabrllty. By purchasing only shallow.draft
-ships, a shipping corpany.could establish a
desrgn range vvhrch would-assure low vulnera-’

bility. but the economics of being able totrans- -

port larger quantities and the com petition from
deeper draft shrpe may lead the company to.

narrow'the design range and risk increased vul- -

nerability. Similarly, the _rip;ariéhmay build closer

- 1o the shoreling; thereby narrowing the design

range of the investment; in order to enjoy fuller
-utility of his or her asset. The issue of the design

range is made more complex by the life expec-. .

~tancy of the asset. A decision may be madé
‘with short- term calculations which nevertheless
“produce a long-term asset. In this case, it~

. isentirely poserble that'the vulnerability may

change merely.because of the long-term 'chahge

~inthe natural and human systems. '

The positions taken by each-of the interests '

s brihﬁarily,oh_e of self-interest and, therefore, -
needs to be continually placed in the perspac-
tive of the entire ecasystem and the needs of all
the interests both.of the natural and human.

. systems. Thednterest ifivests ifi the Basin in

" arder to enjoy a flow of benefits. Lakeshore

property returns-to theriparian a behefifr of recre-

" ational and aesthetic nature, and is reflected in
the property value. For the industrial or com-

-mercial interest-the benefitis profit. The envi-
ronmentalistinterest has-a return-of enjovmem

_ of nalure and a sense of pidying a major role for
- future generatrons

Each of these |nvestments has a cost usu-

| ally of both money and time. There is, however

also a risk cost, nat only-of business failura, but
of potential damage due to the decision of iocat-

“ing.in the Basin. What we have earlier calied the

“design rariga” is a result of the calculations
made by the interest in order to-find a balance
which gives a maximum of benefitand a mini-
mum of cost. These calculations are based on
information: first, about the biehaviour of-the _
natural and human systems; and, second, about
the avarlabrlrtv of outside incentives whrch would

; affect the tevel of risk. An example 4f the latter

information vvould be government programmes
which.would allow the cost of risks 1o be shifted:
to general taxpayers '

Most cehseio'us adjustmems within the

“human system and between the human system’

and the natural system only-make sense if seen.
as-long-term. Seen at its most simplistic, the -
role of governance is to facilitate the process of
makrng informed and responsible decisions. In
accomplishing this, the Iong range investments

" andtheir desrgh range must be seen clearly as
“ .anintegral part of the overall. ecosystern of the

Basin. Responsible decisions, however; reguire

" betler |nlormat|on, and-some way of avoiding
“short-term decisions which may jeopardize the

flexibility of the process of decision-making itself.

In this{'chapter, interestsm the Basin, who

‘perceive their welfare to be influenced-by water

levels and policias pertaining to them. are clas-

- sified and described in térms of how they use or

invest in the resources of the Basin. For eachr

. interest is given a description of its sehsltlvitres ‘
" 1o fluctuating water levels and flows and an’
“analysis of why the interest seemstotake a

particular stand.

The l_rl__térééfs_ and the%‘i.r Interactions.
Over 39,000,000 people live in the Great
Lakes — St Lavvrehce River Basin, of vvhlch

: 28,000, OOO live In the United States and

10,000:0001n Canada. The heavigst concentra-

_tions are on-Lake Michigan with 14,000,000 and

Lake Erie with 13,000,000 with large urban *
populations in‘_Chicago, Detroit, Cleveland, and
Buffalo. The heaviest coneentrations on the
Canadian side of tha bordar are in the Toronto-
Hamiltor and Montreal. areas.
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The mostimpertant general trend in the
Basin has been toward decreased use of the
Basin for agricultural purposes, fishing and for-
estry and increased use for urbar growth, indus-
try and recraation, Thase developments vary
according to lake with Lake Superior ha_ving' not
only the most stable population growth, but
also the least urban and industrial expansion.
Lakes Michigan, Erie and Ontario are the “'stress”
* points of modern development. Table 3 shows
the various types of land uses. '

Alarge propo-rtioh of the population of the
' Basin is, in one way or another, directly affected
by the iluctuation of the iake levels. In this first
-phase of the Study, participants attempted in -

markedly different ways to state the central ques- |

tion raised by the impact of fluctuating levels

and-flows on theinterests iocated in the Basin.
" Some sought to define the implications of

“adverse consequences’”. The term used here

was “vulnerability”, which is a description of the

susceptibility of basin usars to the effects of

- fluctuations. (This is the approach taken in Annex

) Althgugh such a term.cannot be easily quan-:
tifieq, it does serve as a way to compare relative
effects of actions. Aresidential property owner
who decides to build on the shorellne flacdplain
has opted for high vulnerability for some benefit
" of access, view, or price, while the cottager who
builds well back from the flood area has-fower -
vul'nefability. BasiICaIIy, when we are talking of
the consequences of the fluctuating lake levels,

+ we are speaking of the effects on humans mea-

suréd by their vulnerability. All interests have
some level of vulnerability. ‘

Others scught te ask not "How are you
vulnerable?” but "Why do you. petition govern-
ments?”. (This isthe approach taken in Annex
© C) The thrust of this line of ing uiry was to focus
- onwhat the interests see as the problems and
soluticns. By establishing these positions, it was
argued, the key elements of the political chal-
langes can be identified and compared to the'
mandates and stated policies of government
and.to the current knowledge about fluctuating
levels and ecological processes. :

In Annexes C, D, E; and F, these two ap-

- proaches can be followed in more detail. In this
phase of the Study. the usefuiness of each has
. not been assessed.

‘The following descriptions of the positions’
taken by imerests is designed 1o give the reader
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" a basic understanding of seme of the complexity

of the issues. The material for this-section can
be found mainly in Annex C. Section 7.

Agriculture

Rich as the Basin is.in agricultural land,
relatively.little of it is on the lakeshores and that
is steadily geclining with the rapid.growth of

_urban areas.

* Agricultural lands are more vulnerable to-
shoreling erosion and flooding at high water
levels when exacerbated by storm-driven waves.
The tands most vulnerabte to flooding are those
reclaimed from former floodplains and wetlands,
In some of these areas, notably the lower Saginaw
River Basin in Michigan and Kent and Essex
counties in Ontario, elaborate networks of dikes

~ have been constructed.

Farmers are concerned about erosion and
flooding of their properties and associatad crop
yield losses: However, they are accustomed to
dealing with uncertainties of naturé, and have
an understanding of the consequences of fluc-
tuating water levels. and other natural hazards,
ang, in maost cases, have adjusted accordingly.

Commerclal Fishing
Commermal fishing on the Great Lakes has

-changed significantly during the course of the

20th century, In Canada. output has risen and
employment is stable; in the United States, how-
ever, much of the stock has been reallocated to
the recreational sector. Commercial fishing in

~ Canada remains a major industry with annual
“landings of over 60 million pounds, mostly from
" Lake Erie. The composition of harvests has shifted

to warmer water species and non-indigenous

. smelt and alewife.

Water levels are known to influence growth

- rates of fish and higher levels promote more

rapid, abundant growth of fish in size and num-
bers. The annual fluctuations associated with

“spring run-offs and rains and melt water also

appear to nfluence stocks and harvests. The
greater the increase in levels between January
and June, the more benéficial it is for spawning .
and young of the year. This, in turn, contributes

- to'better harvests two or three years later,

depanding on species. Water levels and natural
fluctuations are critically important for increas-

ing room to grow and bringing new food energy
" into the lakes each year. Since many important

fish species use wetlands during part of the



' Table 3
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Arbour, MI, . .

Canada— Gierman, D. and R.A. Ryerson. 1974,
Land Use Mapping in the Canadian Great Lakes"
Basin: Report on the Canadian Sector of Task B
IJC, Poilution From Land Use Activities Refer-
én'ce Group, Windsor.
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reproductive.cycle. the impact of flctuating
water levels on the wetlands 15 of concern for’
the.commercial fishing industry.

- High orIowwater'affectsﬂsherr_n'en’s.dock- '

ing facilities a'nd other aepecte_of their trade,”

but basically commercial fishing has a relati\'.fel\/ ‘

high level of resiliency in dealing: with ftuctuat
-ing lake leve!s :

The fishermen on the Gréat Lakes have con-

* flicting views gbout waterlevelﬂuc-tuat‘tons'a'nd :

-.the implications of fluctuations for their opera-
tions. The perceptions of ftshermen who fishin
the same area wrth the same type of gear and
vessals sometimes differ. Some of them per-
ceive highs to be more detrimental to their

- ‘operations; whilg others perceive lows to be”
more harmful. In generet though, mosttrsher—

- men contacted had the opinionthat: fluctuahng
water ievels_do not have great impact on-their

operations, if any atall Lake level changésarea . *

part-of their normal operations and they have,
by and large. 'developed aresiliency. to’ ex’tremes
~through modifications to their boats, docks and
fishing methods. They tend & bé mare con-

cemned about the restrictive commercial, fishing: .

. reguiations that most of thé states have imposed

. inordertd protect and- enhance the recreational c

' fishing mdustry

Commarclal and Industrial
Maijor. industriés are Iocated along the shores
of the Great Lakes in both the United States and

* Canada. Iron and steel, grain handtng pulp and

‘paper, petroleum and chemical refining, metal

" mining and.refining; and food and beverage

.+ progessing industries use the lakes bothfor .
. water supply and waste-disposal. These indus-

. tries are concentrated in the United States along

the southern shores of lakes Michigan, Huron, -
.Erie'and'O'_ntariofln Canada they are located on
the nerthern shores of lakes Erie and:Ontario,
. and at Thunder Bay and Sault Ste. Marie.on.

~ Lake Superior and the St. Marys Ri’\rer.

The growth industry of the Basin'is recrea-
tionand tourism. Manhas; hotels, motels and

" resorts-have sprung up on both sides of the

border, adding greatly to employment in the -
service sector of the economy wrthrn the Besrn

As with Allfacilities on the shorelrnes _of the
“GreatLakes. petiodic damage is experienced 10
. property through the actron of storms and ﬂood
. ing. Higher water up to the level otfloodrng '
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however is on the whole more beneflcrat in that

it satrsfres the needs for.water suppty greater
drlutron cfwwaste discharges. access to. water for
boats, and clearances for commercial navuga-.
tion dellvertes 1o rndustrtal users

~ Most cdrn_m,ercial _and indus_triat businesses
accept the fluctuating water levels as a part of

the cost of doing business. Although they have -
different views, a majerity of them grobably

favour higher over lower water levels. Someof'

" these businesses have taken steps to.-protect

themselves from damage by extremely high -
waterand storms. Most, however, fear extreme

' Iow levels more than extreme high levels: As a

consequence many commercial and industrial

~ businesses favour. regulatron of Ievels and._flows
" norder to allowhem better capabiity of pre- ,
- drcttng the need and amount of adaptation they o

will require. Geographrcalty thase supporting

" regulation are located on the middle lakes; while.
"thosé on the St.'Lawrence River and the cori-

necting channels do not, Better information is

‘the prime elerment of all commercial ahdindus- -
© trigl interest posrtrons They see locatron on the
~ “shorg a far greater advantage than the disad-

vantage. of changing ; water levels. Smatier busr-

' nesses. "sugch as. marinag and other cormmercial*
eperatons, may exhibitmore concern because )

they tend to be frnancrally less able to adjust
tey ﬂuctuattons .

Electrlc Power ‘
" Flectricity in thé Great Lakes —St Lawrence

"River Basin.is generated by hydropower and -

thirmal: power(coal oil, naturaigas and ura-

niurm). Major Gtiiities that’ produce electric

power throughout_the Basin are intérconnected
by transmission.lines énd electricity can be trans:

ferred to different areas, depending on demand
- and capacity mitations of the transmission I|nes
s necessary, therefore 10 examine both the )
“operations of individual utilities and the’ power

productron systern as awhoie.

Approxama'tely"94,400 megawatts of elec-
tric power generated by utility and non-utility

- owned electric power projects located in'the

Great Lakes - St. Lawrence River Basin could be -
affected by fluctuating water levels and flows.

Of this amount, approximatety 7300 megawatts
of hydropower would be directly affected These

- projects, for the most part, are |ocated along the-

Nlagara River {4500 megawatts) at Sault Ste.

T Marie on the St. Marys River (101 rnegawatts),
‘and on thé St. Lawrence River {2720 mega-




watts). In addition, there are humerous smaller

: hydropower plartts located on trrbutartes 10
th Great Lakes.’ :

'Fturjtuatir’tg__water Ievets_atfeetmdrvidual _'

" electric power facilities in various ways. During

nigh'water periods; thermal power facilities can

‘experience gr‘ea_ter‘gerterating efficiency dueto .

lower temperatures of cooling water. The costs
-of pumping cooling water and transpaorting raw

matenals by water could also be reduced. Hydro- '

- power outputs can be increased with intreasing

Jlevels and flows, although there is a threshold of

extreme.highs above which extra flow.cannot
be utilized due to physical fimitations of equip-

‘rent and/or Hydraulic limitations. Hydropower ©

dutput decréasés if levels fall below long term .

. averages. Thermal power projects cen provide '
, nake-up power ata. nigher cost, as long as the

: decrease in hydropower capacity is not Iarge :
and demand does not increasesignificantly.”
Lower than average waterlevels are a concem

to thermal pdwer projécts because of the hrgher o
probabrlrty of exceedmg temperature regulattons- .

for cooling water discharge, increased coo!mg
twater pumping costs, warmer cooling water,-

which adversely affects generating capacity, and _

ncreased costs of réw materials obtained by
Watertransportatron

Whathas to be remem'bered, however, is
that any increase in thermal power generation
has negative impacts on the environment. For -
example, the environment could be negatively
' affected by incredsed emtssion_'s"c')t gases con--
tributing to the greenhouse effect and other

' _atmespherlc pollutants, thermal poliution from
cooling water discharge, and the-increased need-

- todispese of solid wastes, such as flyash and -
spent nuc'le'ar fuel. Mareover, the cost of make-
up power can be several times greater than the
) cost of lost hydropower genération.

"The general lack of petitionir_tg to govern-.
ments-by the power intafest reflects the fact
that they are ‘already well-informed about lavels
-.andean adapt 10 fluctuations without suffering
major costs. They would, however react urtfa-
vourabiy 1o propesats to alter flows currerttly
 available and could riot readily withstand the im-

pacts of extended periods of prolonged dreught. -~

‘Within a range of fluctuations around the
fong term averages of the Great { akes, the elec-
tric power intérest can reliably generate electric
. power primarily through the diversity of gener-

-ating opttons avarla ble: There are assocrated _
envirohmental, socral ahd-gconomic: effacts and -
" trade-offs. Extreme high water periods arenot .

considered adverse by the interest and can even
ve beneficial to acegree. Extreme lows over B

* extended perlods oftrme would resutt in adverse

environmantal, socrat and ecortomrc |mpacts to

- the interest.and customers it serves within ahd

outsude of the Basm

Environmentail :
Theenvironmenta| nterest |s very drverse
and consrsts of many different groups and orga-
rtrzattons, rncludmg citizens’ groups, governmen- -
tal agencies, and scientific and research groups.
Examples include environmental coniservatibn -
and protectién assodiations; hiking and camp-
ing arganizations, scientific and environmental

-research establishments, health and medical

agencies, heritage and cultural resources agen- _
cles, and groups interested in preserving and -+ -

-gnhancing certain aspects-of Great Lakes'envi-
-ronment, such as wildlife, wetlands and dunes.. |

Their central concern is the impact of human

- activities onthe natural system. To the extant

that they: contribute one voice for the natural
system. they-can be seen as a- br_dge between
the natural and human systems. :

Although the environmental iriterest s di-

verse, itis unified on many positons. Citizens'

groups, such.as Great Lakes United, gavemmen'-'

talagencies ahd scientific/research groups,
~ who represent thousartds &f people involved in.
‘programmes for thep_rotectrort angd conserva-

tion of the natural environment, are united i’

-seeing the fluctuating water lévels and flows as

a dynamic, changeable resource, a partof the
natural pro_cerss;_vtrhrch must be preserved. They
do not have majorconcerns about.the fluctua-

"tions. butthey do have concerns-about.any

atternpt to manage the Great Lakes. They are
also not willing to sipport most governmental
actlons deahng wrth structural measures, the

- consequences of which are.not ctearty known

The majonity of groups see these measures as
encouraging encroachmeht on existing natural -
habitats. Some groups would-give supportto

. such measurasifthey can be proven to be -

environmentally sound and.will.niot cause dam-
age elsewhere. On the whole, non-structural

‘measures are seen by the envrronmental inter-
-eet as the best way to deal with' fluctuattons
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. Native Peoples

Although the activities of the Native Peo-
ples papulations on the shores of the Great
Lakes could be categorized with octher shoreline
users, the reservations are different in that they-
are really micro-societies within the ecosystem.
There are approximately 7,000,000-acres of fed-

erally recognized reserve lands in the.Great Lakes’

—St. Lawrence River System Basin. Of the

350,000 native peoples-of 110 nations, whe live
- on these lands, about 60% live aiong the shore-
ine, mainly at the narrowing points of the con-
necting channels. Their activities are parallel to

and intartwined with those of the rest of society,

but those activities are more coordinated into
an identifiable way of life. That way of life is
~informed both by a marginal relationship with
the industrial, urban society of the Basin and a
traditional relationship with the natural system.

Dependent as they are on fishing and hunt-

ing for food, native peoples’ concerns centre on

" the maintenance of the natural environment.
They see lake levels as a part of that environ-
‘ment, but are more concerned about water.
quality and balance in the ecosys‘[em They feel
that there should be-a Native Peoples represen-
tative on any taskforce dealing with lake levels.

Recreatlon
_ Recreation is increasingly becornmg an

. important social and economic activity inthe
Great Lakes Basin, as more and more people
have greater amounts of leisure time. Millions of
people, both within and outside the Basin, use
the Great Lakes and the shoreline for a variety of
recreational purposes. Some of the major activi-

ties include boating, sports fishing, hunting, bird

watching, camping, swimming. windsurfing, pic-
- nicking and scenic drives along the shoréline.

An extensive network of private and public
facilities, including marinas, campgrounds, parks,
and boat launches, have grown up on the shore-
lines of the lakes to support the ever-growing

recreation demand. The range of these activities:

is so great, it is impossible (o generalize about
the impacts of lake level fiuctuations on them
and their users. Low levels expose more beach
for bathers: highar levels improve boating and
docking for sailors; fluctuating levels maintain

. waterfowl habitat for hunters and fish spawning
grounds foranglers. '

Generalizations are difficult in an industry
which embraces so many different activities.
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Within those activities there are some, such as

" boaters, who would prefer higher water to lower.

But even here, itis sudden changes in levels
which are the most detrimental. They empha-
size the need for more accurate forecasting of
water levels, so that they can plan their opera-
tions and activities. Others, especially those
whose recreational activities are centred on the
wetlands, such as hunters, bird watchers and

" sports fishermen, are anxicys that the fluctua-

tions continue and that the wétlands be pre-
served. Apart from the extant of the wetlands
and the encroachment on their shores, this group
has little athér concern for the lake levels. Loss
of recreational land to the lakes is an area of
concern, but basmaHy the recreationat interest is

‘the most flexible of all interest groups. Lake

lavels are of moderate concern, behind water .
quality and access to thewater. Along the St.
Lawrence River, however, levels and flows ques- ..
tions are persistently raised by this interest group.

Resu:lentlal Shorelme Property Ownars

' (Rlparlans)

"Riparians” refers to shoreling reS|dent|at
property owners, both permanent and seasonal.
The greatest concentration of permanent own-
ers tend to te found in and around major urban

- centres, while the distribution of seasonal own- -

ers is.more sparse along the sherelines. The
exact number of residential shoreline owners
situated on or.near the Great Lakes and St.
Lawrence River is not known at this time, but a
detailed list of Great Lakes Riparian properties is
now being compiled in Canada and the United
S?ates Preliminary studies have found that there -
are over 75,000 vacation hemes located on the
Great |akes shoreline in Canada.

- The'degree of risk orimpactincurred by
riparian land owners depends on their location.

-The most serious impacts to riparians are those

associated with flcoding and erosion which are
mast prevalent during storms. Some of the
impacts include loss of land and trees and
damages to shore protection structures and

_buildings and their contents. Economic impacts -

include the cost of alternate accommodation,

- costs of maintaining'septic systems and costs

of répairing or replacing darfnag‘ed shore pratec-

* ticn works, buildings and contents.

The relationship between damage and static
water levels is not entirely clear. For example,
the majority of damage on Lake Erie, although

- exacerbated by existing high levels, occurred in



April and December of 19856 during storm per-
iods and not during the record breaking static
water levels of 1986, when far fewer and less
severe storms occurred. Similarly, the effect of
static lake levels on erosion.is limited in many
areas of the shoreline, At the present time, a
large census and survey is underway in order to
gain a better understanding of the magnitude of
these impacts on shoreline properties. It is clear,
however, that it is storm-driven waves and surge
actions which are most damagmg

Primarily in response to: the htgh water lev-
els and storms of 1985/86, the riparian interest
has begun to organize into groups which are
mandated to further the views of shoreline resi-
dents. The largest of these organizations with
members on both sides of the border is the
International Great Lakes Coalition, They have a
high concern about fluctuating lake tevels and
are strong advocates of total control through
centralized management and engineering water
controls, The Coalition is highly critical of exist-
ing governmerntt programmes, especially those
which look to land use planning and publlc
information rather than water level contro! as.
solutions to their problems of erosmn_and flood-
ing. They also feel that it is unfair for them ta
bear the costs of apparent governmental inac-
tion or ineffectual action. Because of the wide
range of shoreline residences and locations and
_the individualized nature of this interest, it is

difficuit to judge how representative the posi-
tion of the Coalition is. It is important, however,
to point out thatthe element of surprise plays a
‘large partin thé reactions of shoreline residents.
Surprise.is based on the predictability of events
-affecting water levels and flows and the resil-.
iency of the property owner, The infermation
and its availability and the quality of lake levels.
predlctlon are all judged madequate by the
_'rlpanan interest.

There are some geegraphic patterns tG ripar-
- ian positions. Those located on the middle lakes
_tend to favour total regulation of the water lev-
els. Riparians on both Lake Superior and along

* the St. Lawrence view with suspicion regulation
of levels as being primarily for the benefit of
those located on the middle Iakes

Transportatlon .

According to the Lake Carriers Assomatlon §
annual reports for the year 1988, approximately
181,000,000 tons of bulk cargo, inctuding petro-
leurn, moved into and cut of Canadian and

“United States ports located in the Great Lakes —

St. Lawrence River System Basin. This represents
a drop of about 59,000,000 tons or aimost 25%.
from the peak year in 1979. Although annual
figures vary, there has clearly been a decrease
in the amount of goods transported on the Great
Lakes in both the United States and Canada:

Most of the goods shipped are bulk com-
modities. Ships are designed with full knowl-
edge of channel and harbour depths, which-are
maintained throughout the system and refer-
énced to low water marks Generally speaking,
higher levels benefit shipping: lower levels are
dstrimental. Adjustments are made in loads and
the industry is vulnerabte only to.extreme hig hs
and lows.

The timing of the fluctuation is of impar-
tance in that the interlake shipping seasoriis
limited to the ice-free months {typically April
through mid-Decem ber). Variations in cost can
be passed forward to customers, or absorbed
by the ship owner. Great Lakes shipping is one
part of a larger multi-modal transportation sys-
tem and there is some flexibility in that some
commodities can be shipped alternatively by
rail. tn some cases, truck haul may.be possible

" to other modes or waterways. For example, the -

Great Lakes grain hinterland overlaps witfr

the inland waterway in the. mid-Western United
States. These alternatives often would entall
|ncreased costs.

Lake Ievels may not be the primary concern
of the transportation companies and ports, but
they argue that they incur higher costs when
the'lake levels fall because of the reduced
lcad carrying capacities and narrower revenus/:
profit margin. This net change varies with the
size*and routes of the ships, but may involve
a very narrow clearance when navigating thie

“connecting channels.

The transportation interest may be divided
into ocean-gaoing and lake carrier'shipping com-
panies and the-ports. The Iatter through the lock
operating agencies, set the draft limits, based
upon available channel depths. These limitations
prevent the ships from carrying extra tonnage. -

~ Shipping companies, port authorities and dock

operators have learned to adapt 1o the vagaries

" of lake levels. Extreme lows and highs, however,

do affect the transpartation interest and can-
change its profit orloss margin substantially.
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Of greaterimportance for the transportatron
interest are such factors.as labour, energy, mate-
rials, tolls and pilotage costs. The transportation
. interest tends 1o use vessels with a range of
carrying capacities to increase their flexibility,
and a few firms riow negotiate contracts which
nclude variable rate structures, in° order toin-
crease their adapta bility. In this case, passing on
the costs to the customer tends to.spread the .
|mpact of increased I’lSkS between the shlpper
and’ customer.

Governments :
International agencies and the three Ievels

" oof govemment federal, provinciat/state and .

local: are very much a pa_rt of the Great Lakes—
-St; Lawrence River Basin ecosystem. The loca- -

tion, construction, financing, protection and.con:
“tinuation of comrmercial, industrial, résidential

©and recreatrona\ facllities are &/l affected by gov-

emmental decisions_In addition, govemments
themselves often own land. récreational facili-
- ties, roadways, parks. and buildings along the
shoreline. These actlwtles are affected by fluc-
tuating lake levels in the same way as those of

- private owners. Other governmental facilities

" are directly designed to affect the lake levels -
through control systems, dredging operations

and construction of dikes, sills, breakwatars-and -

systems for changing the action of the waters. A
‘major activity of governments is the provision of
information about the lakes and human activi-

ties in the Basin. All of these make Governments' |
important users of the Basinand, as such, a part -

~ of the human system.

No other présence’in the Basin is as instru-
.mental | in directing ctherhuman activities '
as govemment That direction, however, is not
- aiways well coordinated The decisions made
emanate from & wide range of agencies, depart-
ments and other official jurisdictions whrch not
only have drfterrng objectlves and degrees of
concern about the Great Lakes.-but also con-
licting programmes and ptans of action. Gov-

ernment investment decisions, for examplern -

roads, utilities and other mfrastructure can
induce private investmient in hazard- susceptible
shoreline locations and can, theretore, INncrease

~ vulneérability. In this study, we refer io the pateh-

" work of decision-making activities by govern-
‘ments and ether éntilies as the “govérnance” of

“-the Basin. The various govem_ance-d_ir‘ectives"
vary enormously in nature and importance, but

itis possible to.obtain some insight into them by '

" approaching them from three angles:

‘a4

“1j Land use regulation and practice: _

2} Specific measures undertaken to address -
the imipacts of iake level fluctuations; and

3) Advisory and advocacy pragrammes.

Development‘alo_ng the sharelines of the

* Great Lakes is subject 10 a numbér of ragula- -

tions. designedto ‘control the concentrations: .
and impacts of mterests in varous locations
witfin the Basin These range from zoning bylaws
to health standards legislation. Through them,
sorne orderi 15 maintained in assuring that devel-
opment 1S balanoed against capagity of the loca- -
tion to supportit. At optimur"n performance,
such redulation would work 1o reduce thé vul-
nerabrhty of shoreline users. However, the very

- independence of the bodies making dacisions

allows for varying interp’retat-ior]a ofvulngrability .
and, of course, political pressures can bring

‘about unplanned development evenin the face - '

of regolations. ;

" There are a number of ways in which -
governments address the issue of fluctuating

* lake levels directly. The control systems-on Lake

_Superior and Lake Ontario are examples of reg--
,Ulation of the actual lake levels and outflows.
‘Protective systermns have been constructed which .

prevent anticipated damage from occurrrng and
offer some degree of protectron for shorelme

" property. OtherVgovernment,programmes lesseri
the adverse consequences-of fluctuating lake
levels by payment for damages or by assisting

shareline users in adapting their facilities to the -

‘lake fluctuations. kach of these actions on the
“part of governments seem relatively straight -

forward until'sorhe.of-the', implications are

" mapped- Not.only do controls apply to entire
lakes and, therefore, affect a number of shore-

lire users and systems, all of which may not
desire the'same lavel otcontrol or, indeed, any.
control at all, but alse a control may |tse|f‘encour—
age shoreline users to take greater risks because
they count en.thé control to protect them. This

“inturn may decrease the flexibility of the control.

system. which- creates aneed for greater con- -
trols. Similarly, a land use regulation not only -

) reduces vulnerability.-but also reduces the
. amount of land available for development. This-

places a higher vajue onthat land which is
available, which in turn places greater pressure
on governments to relax land use regulatrons

Governrments are alsomajor soorces _ot infor-
mation on the Basin and sormetimes use that -
information to attémpt to reduce the vulnerabil-



ity of human actrvrtres Increased abrlrty to
predict lake levels..for. example, .could allow

“shoreling users to reduce exposureto-fluctua-
tions. Self-Help guides-and recomrhendations

: concerntng location and oonstructron help to-
regulate the relatronshrp.between the human
system and the natural. The kéy'to its success is
accurate kriowledge and wide dissemination.

Itis difficult to think of governmenits as an

interest anﬁOng"o‘thers. The reason for thairinclu-
sian as an interestis that the.divisions ard levels:

of government create certain foci of opinions ~
and perceptions which.have animpact in the
managernent ofthe ecosystem At the most

basic¢ I,_evel, governments Qper_ate .faor_l_rtres. such .

as.sewage treatrment pldnts, which are directly
- affected by water levels and flows. Local gov-
ernments tend 1o adopt a posrtron in regard 1o
Iake Ievels which is very closé tothe shoreline
residential interest. This may not be surprising
in that they not.only operate facilities of their

own but are most directly involved in zoning and-

decisions related to location of facilitiss along
_the shoreline. Federal départmenits devoted to’
: resource proteot‘ron and wildlife rehabilitation
adopt a position vary closeto'that of the envr-
‘ ronr‘nental interest. Sometlmes these posrttons
" may be seen as an echo of the other. interests,
butbecause of their location in the governing
system, they have access 1o decision- making

processes u_s.uar'r'y unavailable to oth_er interests, -

Staté and provinial governments and their agen-

.cies have their own cancerns which range frorn
hazard management to economic, development :

1o envaronmental protectlon

It should be noted that governmental'agenf
ctes also represent interests that are unrepre-

sented or underrepresented 'such as the generai -

. taxpavying. publrc future generations, the poor or
those outsrde the Basrn

Interests and Governance
" The posrtrons of the interests, as presented

‘here, are preliminary and will need.to be more .
closely defined through further’ drscussaon with
the key groups and rndtvrduals The prooess of
“establishing these positionsis a part of the pro—'
cess of identifying the prospects for improved’
* management of water fiuctuation issues and.

' ,the‘-irnp_edirnents whieh'have to be eon‘sidered: ;

The crrtrcal question is, however How. does
“one get from this understanding-of how the
interests view the problem and why they adopt

certarn perspectrves toa strategy for dealtng
with the issuss? The other major "position”

" which has to be known is that.ef the govein-
~ments; not as interests, butas legislators. In
) effeot the mandates and policies of government
setthe rules and boundartes within which deci- -

stons are rnade Everv analysrs of an adverse
consequence’ or of an interest's position. takes

- place in the context of the very diverse and: -

multr trered systern of governance: of the Basrn

One of the arguments of Phase | of this.
Study is thatthe policies of- governments__an_d )

‘the principles and criteria’on which they are
‘based have not been olearly articulated and the

interests, therefore are not able 1o see their
position- in the context of public policy. This lack )

-of communication is one of the basic-factors’

leading to surprise in the investment model
which has been described inthis chapter. Every
investrnent is fraught with risk-ahd much of the -
information’is of its nature incomplete. Deci-

. sions on the-part of boththe interests and the

government are made ina context'of uncer- -

‘tainty. Although we rmay work atreducing uncer-
tainty, itIs a condition with whrch we shalk always

have to deal. In order to develop courses of
action which are sacially desirable andimple--
mentable acritical step is to. understand the’
structure and jurisdictions of governrnents n

thé Basin and the principles on which they act.
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. Chapter

i

*Governments and

The Basm

The Great Lakes - St. Lawrenice River Basin
“is a resource shared not simply between two

‘national gavernments, butin a cémplex manner

armong two national governments, eight states,
- two provinces and hundreds of municipalities
and counties, each of which in turn has dele-
gated or allowed certain functions to be carried
out by agencies, institutes, citizens’ groups and
other organizations. Studies have identified

gs many as 650 governmental units and 1300

orgamzatlons Effective ecosystem management -

will have to relate to and integrate this present -
diversity of approach. Indeed, the very concept
of an ecosystem approach to the water lavels
issug of the Great Lakes — St. Lawrence River
Basin hasto take into account the historic gov--
erning traditions of the nation state; for which
all governmental activity in North America’ has

- been desngned

“In this chapter an attemnpt is made to
describe the areas both of agreement and of
" co-ordination which exist in- governmental acti-
vity-at the present time in regard to the Great
 Lakes — St. Lawrence River Basin. {See Annex C,
Sections 5 and 9 for discussion of policies,
organization, and decision-making processes
of government)

A Question of Values

The term “ecosystem” itself establishes a
context whereby value-driven tradeoffs between
human and natural systems are brought into

focus. Its use assumes the continued existence

.-of a measure of equilibrium among the parts

of the systern and a concern for the overall ]
welfare rather than the predominant welfare of.

any one’part, The destruction of one aspect for .

the sole-benefit of another is not acceptable.
The term 1s extended 1o include the concept of - -
“integrity”. "Ecosysterm integrity’ not only re-

~emphasizes the wholenessof the systern, but

also introduces a further dimension of whole-
someness and inviolability.

Terms, such as “"ecosystem” and “environ-

“mental integrity”’, have begun to appear in gov- -
- ernmental legislation and policy staterments in

recent'years. These terms, along with assertions
related to inter- generatlonal equity and jOIﬂt

trusteeship.of the ecosystem; create a concep—
tual base for future governmental action. There

" are,'of course, much older values of governing
which de not seem to have declined in |mpor-

tarice even though concernfor the environment
has grown. Two of the most obvious of these
are thé furtherance of the economic well-being
of the people and the préservation of national

- sovereignty. The question of values is, theréfore,
‘a question of potentially conflicting values.

© These values underlie the policies govern-
ing day-to-day decisions of government. As the
values change, the policies will be modified and
adjusted to the existing situation It is this slowly
changing relationship of values and policies in
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- existence Wthh makes up. the reaI world of
' decusmn makung

If we Iook at some of the pohmes mformtng

governmental degisions in the two countries,

something of the potemlal relevance of exnstung

legislation on the gavernance of the ec_osvstern

“.can be seen. In both the United States and |
-Canada, fof example, investrients in the-Basm \
are considered to be made at the risk of the

. ]nvestor Even inthe case of disaster relief pro-
grammes, when this pollcv IS bypassed for one

of perceived wider equity, governments attempt

10 Himit incentives which would encourage use
of vulnerable areas and which wouid spread

costs to general taxpayers. A DO|ICV pursued by

_ both'nations is 1o keep subsidies to a minimurm.
. For example, in the United States, these policies

show up'in regulations by which the distribution

~ ofriskininsurance is limited. In Canada, flood
_insuranceis not available.

Both nations have a policy of national eco™

nomic efficiency, which may be seen in require-

merits for extensive evaluation of projects and
for justification of these prajects as contributory
10 eConomic efficiency. Both nations have poll-
cies which faveur the costing ‘out of the use of
water resources, and, in the United States. the -
policy dictates the recovery of that cost, which
em bra‘ees tne--cencept of equity of cost burden.

Itis important to know some of the policies

of the two nations which ar_fe directly relevant to

the various components of the human system
—agriculture, commercial fishing: commaercial

.- and industrial interests, ele¢tric power, environ-

1 mental interests, native peoples reereatlen

re.5|den1|al shoreline property owners, transpor-

tation, and governments. As may be'imagined.
the full scope of policy makin'g in the two coun-.
tries defies treatmant in a summary document,
but it is possible to dellneate some of the salient
- points in-fiscal and fegulatory pohmes ata
“national Ievel

In the'developmentbf shipping channels, - _
© both federal governments see it:as their role to -

provide channels and maintaif harbour depths -

 of known and unvarying dimensions for trans-

T portation, néeds. They also work jointly in shar-

.ing knowledge and developing new facilities. .

. Cost recovery systems, however, vary consid-
erably: In Canada, itis by and Iarge con:mdered a
pubkic responsnbihty to provide small craft har-
bours and to dredge for waterborne shuppmg In

the United Sta‘te,s, these are cost recovery or

user-pay services.” ‘

 The power systéms of the twao countries
are inlegrated on a continental scale. Each coun-
try, however, has a dlsnnct national history of
governmental relatlonshnp to the development

.of power. In Canada, authorlty for power pro- .

duction is‘a provincial matter and power utilities’
are usually government owned and treated asa
public benefit. The-pattern of developmentis
formed directly by polmcal decisions. and such
considerations as envuronmental |mpact invest-
rent choices in hydro-electric, fossil fuel or
nuclear generation and compensation are a part
of governmental 'policy"and planning. In the

* United States. most power companies are pri-
" vale, profit-oriented concerns, which are. how-
‘ever’highly regulated both by federal and '

state authorities: Both systems insist on careful

" consideration of risks taken in investments

and calculation of-any costs mvolved in envuron

' '\mental damage

Land_ use is in Canada largely a provincial

~ matterand.n the United States, a matter of

siatejunsdlctlon In both countries, there is a

~ tendency to deiegate much of land use régula--

tion to local governments. As a result of the.

fragmentaticn of land use policy-making and

management, the systems in the twbo countries | "

are not only different from each other but varied

within gach countrv In dealing with shorelme
facilities, whether in agriculture, industry or.resi-

" dential pwners, the Canadian govérnmants have

maintained a pohcy of assigning risk primarity to
the shoreline user. Governments have been will- .

‘ing to fund programmes identifying the flood

and ergsion hazard argas and mformatlon ser-

" vices. They have steadfastly refused however,
- to compensate interests experiencing damage

except at a very minimal level of to become
involved in the construction of protective works
for new develeprnems along the shore (except .-

" for compensatnon for flood losses in Quebee
along the St Lawrence}. in marked contrast,

governmental authorities in the United States
have traditionally favoured large, federally fi-

‘nanced structural projects | to protect floodplain .
: occupants and have been W|Il|ng 10 pay for
-emergency disaster aid and rehabllltatlon These

policies in the United States are now changing.
Local authorities have beeri asked to contribute -
up to 50% of the cost of new protective works,

rehef has been mcreas_lngiv tied to preventative:,

comrmitments for rehabilitation, and land-use



and development restrictions are being imple-
- mented. In spite of these different traditions. -
federal governments of both countries affirm

the responsibility ofthe shoreline user in decid- .

ing the design range-of his or her investment .
-and in shouldering the fisk’ The role of govarn-
ment is seen.as providing information and
protecting the shore environments through
regulation of the location and design of new
- buildings and structures. The increasing aware-
. ness of these basic policy stances has moved
policy-makers on both sides of the baorder
toward a more similar approach tothe questron
. ofland use.

~The central governmental concerns in regard
to comniercial fishing have been in the area of
maintenance and improvement of habitat for
fish populations. Although-water qualrty isa
srgnrfrcant concern, the actron of lake levels on
- spawning grounds is of pnrne_rmportance The

Canadian-policy of no net loss of fish.habitat'and .

general habitat protection reguirements.in United
" States legislation will rnfluence future ecosys-
tem Iegrslatron

Consrderattons of recreatlonal users have

_been and still are low priorities beth in fiscaland
plannlng policies of the federal governments-of -

- Canada and the United States. Apart frorm gen- .
eral water quality and some maintenance of . -
harbours, the current polrcy of both countries
seems 1o be one-of iittle or no involvement.

Increased concern for the environment has
been accompanied by a-concomitant change’in .

governmental approaches to decision- makr"ng'
in the- management of natural résources. There
is a trend toward bnngrng specn‘rc environmen-
tal issues before the publaoand seeking their’
participation and reactions. This recognition

of public involvement in matters related to

the management of natural rescurces will
increasingly become'the basrs for future
decnsmn making. .

Much work still ne‘e,ds to be done.inestab-

" lishing and analyzing' the policies of go'vernments ;
inthe two countries before the problems related .

to the lack of CO ordrnatron cari be better defined.

~nitial studies have uncévered a large degree of

~ apathy.and an unstated policy 61 “donothing”

~ atthe local level. It would seem. however, that -
there are"areas of.comtion agreement in'poli-
cies and values which can be utilized in reach-
|ng ‘some Ievel of co- ordrnatron '

The Qu’esi:ibn of Authority

. Throughout most of this century, the federal
level of the United States government has as-.
serted its I'eade'rship in-mostareas of resource”
‘management and, even in co- ooeratrve ventures. -
- thefederal partner has through'its overwhelrn-- '
|ng fiscal domrnance contralled the decrsron- e
makrng process. State and local governments,

" howaever. play key roles in the practical manage-

ment of resources and,.in partrcuiar inthe man-

‘ agementofshorelrne developmant and water -

use. The Great Lakes states have broad respon-
sibsility In such areas as water supply, sewage
treatment plant constructron waste drsposal
water quality, phospho_rus controt, fishand:
wiidlife; planning and standard setting. Local -
governments, on the 6ther hand, control direct

. programmes in such areas as shoreline zoning, -
. and nonpoint source control. During thé 1980's,

- anew concept of federalism has resultedin
-the wide transference of programmes and
“responsibilities from the federal to state juris-

dictions. The states. in résponse, have begun to

-+ Te-organize the management of the Great Lakes

‘programmes,. mcludrng the use of several regronat' :
mstrtutrons such as the Great Lakes Commis-

- sionand the Council of Great Lakes Governors.

In'Canadla. the aréas of authority are divided -

'by the-British North. America Act of 1867 (now

the Constitution Act} between federal and’
provincial go\/ernmente. Provincial -goirern'men'ts_
have junsdiction over management and sale of e
public lands and forests, inter-provincial com-
merce, property and Civil rights, municipal gov-‘
. ernments.and matters of a private and Iocal
hature. They explrcrtly have the right 10 resources
withintheir boundanes The federal.governmaent,
onthe other hand, has | jurisdiction over federal
“lands, coastal and inland frsherres oceans, navi-
gationand shrpprng and matters of natronal or
‘extra- provrncral nature such as transportatron

- and international Commerce ‘Agriculture i a
shared jurisdiction. As’ aresult.of this drstrrbuf
tron of authonty polloy makrng and implemen-
tation is only possible through _rntergov_ernmentat
co-operation. in the case of a resource such as
the Great Lakes, a iumber of federai-provincial
_agreemerits, such as the Canada-Ontario Agree:
‘ment Respecting Great Lakes Water Quality and
" the Canada-Ontaric Flood Damage Reduction
Agreement have been sagned by both levels

of government



. Governmental departments and agencies

in both countrigs have, as a wholé. the authority

and programmes to deal with most issues aris-

ing from the fluctuating lake levels. In order for

these organizations to make realistic decisions,

" ftisimportant to'understand the systems of
bath countries. The central problem, however, -
is the lack of overview and a method of co-

" ordinating actions through a common stratégy.

. The Question of Implementation’
~ The management of the Great Lakes has
- constituted a major bi-national project of co-
ardination for both countries. lnstitutionally, the
International Joint Commission and the Great

Lakes Fishery Commission are in different ways

a part of that co-ordination. Similarly. ‘the two
nations have concluded a number of treaties,

agreements, conventions, memoranda and dips - .

lomatic exchanges in order to facilitate the

. mariagement of the Basin. Two regional ergani-
. zations, the Council of Great Lakes Governors

. {and Premiers) and the Great Lakes Comm|s- ‘

sion‘are‘means by which discussions and
greem_en_ts are facilitated. In‘additiori to thesé

decision-making arrangements, there are re- -

gional institutions and organizations setup®

- as multi-jurisdictional management structures.
Thése are largely confined to'¢o- -ordinaticn, :

‘ research planning, momtonng survelllance
advisory and recommendatory furictions.

“Any decision made will have 1o be reviewed

in‘order to determine the manner in which it will.

‘have to. be implemented in ‘gach country and '

the requirements for coordinating implemen-

tation. At the present time, thera is limited

"‘capablllty to eh‘ect such co-ordination. tt is also
imgortant 1o nete'that, while the implementa-

' tion of & course of action requiring structural
regutatory controls affecting water levels would

require bi-national agreement, courses of action _ -

having to do with localized land use or site-
specific construction works are a matter of -

- state and provincial jurisdictions. It has been

" suggested by the Center far.the Great Lakes,
however, that in many instances authority and -
programmes to cope with the effects of'l_ocal
flooding and erosion are-already in place.

The two nations have fdund a number of
different ways to meet the pressing needs for

joint management of the resources of the Great -

Lakes — $1. Lawrence River Basin. The incorpo-
ratioh of the concept of the ecosystem into the
governance witl require the formulation of
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an agreement based on values and policias

cammon to-both haticns and coordinatéd insti-
tutional mandates and implementational pro-
cesses. it will also require a means by which the
concerns of the interests can be hearg and ‘
integrated into the governance of the Basin.



Measures and

Chapter

The Evaluation

Framework

The problem of investigating. cornparing
and evaluating aiternate courses of action.is a
part.of the day-tc-day process of goverriing. Its
a process of determining the range of possible
measures which-might be taken and projecting
the implications of their imptementation for both
the natural and human systems. :

- An initial step was to establish the types of -
_measures available to the governing authorities.
{See Annex E}. For the guestion posid by this -
study oftaking action “'to alleviate the adverse
conseguences of fiuctuating lake.levels”, there
are three general kinds of action available.
These are: ‘

s actions to modify the lake levals;

* actions to modify the impacts of fluctuat~
ing lake levels;

*regulatory and non-structural actions to
rodify human suscepmbmty 10 ﬂuctuatmg
fevels.

These general types of-action are divided into
categories of measures and finally into specific
actions. Six categories or _typés of measures are
suggestad as representing the spectrum of alter-
natives avallable to government These are: '

Type 1 structural regulations and diversicns,
which would affect lake levels by the
control of flows through the connecting
channels, or by duversuons into orout of
the system

.Type 2 land and water adaptat\ons which mught :

include such actions as construction of
major shore protection works, relocatian
 offacilities-and flood proofing of facili-
' ties, and dredging of sediments under
low water gconditions; .

. Type 3 restrictions on land and water use, which

would be implemented as regulations
on such things as the amount and types

of constrdction in hazardous zones ahd - -

, the ameunt of water withdrawal:
Type 4 programs to influence use but which .
' maintain the individual's r|ght to take an
informed risk;

- Type 5 emergency responsss for short- term

relief; and -
Type 6 combmanons of these measures.

Since measures may be Iocated' u'nderthe
guthoarity of different tevels of government, pro-
visions would have to be made for different

Jmplementation pl'ans. Forexample, Types 1and

2 reguire bi-national action at the federal lavel,
whereas Types 3, 4, and 5 and part of 6 can be

enacted by state, provingial and municipal gov- -
‘ernments. Each measure alsa reflects a different

type and sharing of costs. An initial investigation
indicates that there are over 100 different spe-
cific measures that can be grouped under these
six categories, and that this inventory can be
continually expanded and updated. The focus
on measures forthe purposes of this Study is on
the actions that can be undertaken by Govern-

ments to attempt to deal with the adverse con--
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. sequences of fluctuations. There are, of course,
also actions which individuals have taken in the
past and can take in the future. The following
discussion centres on twenty-three representa-
tive measures that were explored in detail by’
the study groups, (See Annex E) and latef used
“to test the evaluatlon framework {Annex F}.

Type 1: Public Investment in Control
and Diversion Works
‘Under this t\/pe four possible courses of
actionwere identified and described and their

time frame, implementation authority, costs and'

historic precedents explored. The first measure
. Was a scenarro forfull regulation of Lake Erie.

This measure is referred to as Plan G0N, because .

it projects the development of structural con-
trols at the mouth of the Niagara River which,
depending on Aydrological conditions and reg-
ulationr objectrves would be able to increase or
reduce’ v_\rater outf_lows from the lake by up to
*'50.000 cubic feet per second (cfs} or, 1,400 .
~cubic metres per second {ems). The'second
measure developed a means by.which diver:
sions, such as Long Lac-Ogoki. Chicago-and
Weliand, could be controlled and upgraded to

Increase capacities. A third measure expanded

the basic plan of upgrading existing diversions -
into a plan for a 50,000 cfs inflow and outflow
system for lakes Michigan and Huron, involving
major diversion of water intoand out of James .
Bay/Hudson Bay, This measure could aise be
carried out by directing the diversion of water

* out of the Great Lakes to the High Plairis area

of the western United States (Ogaliala-Aquifer.

- region}. A fourth measure involved placingsills

-at the outlets of Lake Huron, Lake Erie and at

. strategic locations aleng the St. Clair-Detroit

" River system. Basically, these sills would act as
outflow obstructions. Some limited maodel test-
ing of placing sills in the river $ystem has already
been carried out by past studies‘

Type 2 Publ:c lnvestment to Direct.
: Land and Watar Use to Adapt
to Shore quctuatmg Levels -
Under this type of measure, four represen-
tative plans were examined. The first measure
attemptedto deal with the problem of shoreline

protection.through the construction of breakwa-'

- ters. Breakwaters are devices that are placed
out.in the water to |ntercept the energy of
appreaching waves and form a low-energy
‘shadow zone on their landward side. One form
of breakwaters might be barrier islands, which -
could alsc be used as parkland or for recrea-
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tional facilities A second measure was flood-

* proofing of structures, either by making them

watertight and able to withstand water pres-

© sures or by building in planned accommaodation

of flood waters. The third representative mea-
sure was developed from several recent moves
on the part of provincial 'and'state‘governme.nts
to-acquire through purchase lands deemed in
hazard areas. The main thrust of this measure is’
to-prevent, or reduce future damages and losses.
The land is then converted to community use. A
final measure examined under Type 2 was the
possibility of dealing with some of the conse-
quences of low water levels by dredging-and
deepening navigation and access channels

~and harbours.

: Type 3' Dlrect Public Regulatlon of o

Land and Water Use
The four representative measures in Type 3

. are designedto modifythe impacts of fluctuat-
(ing water levels and reduce hurman suscepti ibil-

ity through government. regulation. Gne krnd
of regulation rnvestrgated was setbacksfor-

“structures in zoning requrrements This measure

would ensure that any new development would
take place jandward of an erosion or fiood con-

., trol line, but, |tcould also.provide relocation

assistance for shoreline owners presently located.

. 'Iakeward of the control line. There are existing'
programs such as thisin effect. A second repre-
sentative measure of this type was the subsrdlz—

ing of the. relocation of structures out of hazard
ateas. A third easure was developedto con-
trol the gonstruction of shereline protection works
and navigation structures. This regulation would

‘reduce activities which increase shoreline haz-
. ard. The fourth Type 3 measure was a set of

regulations designed to control water withdrawal |

" and consumptive uses in the Basin. A part of
‘this regulation would be guidelines for designing

water intakes and outfalls which would befunc-
tional overthe entire range of water levels
and flows. Co

Type 4: Public Programmesto "

Infiluence Indirectly Land and’
- Water Use on the Effects of
Fluctuating Levels '
The first measure under this type was a
plan for guaranteed. subsidized loans for caprtal
investments in structural meéthods for dealing

- “with the pot_e_n‘rral far losses due to fluctuating
“water levels. These low-interest loans would -

assist private owners in canstructing and repair-
ing protective works and for shoreline repair



.~ or protection. A second measure was identified -

for providing guaranteed subsidized loans for

‘ . increased operating costs dunng extreme water:
- level condrtrons This measure u§es tax abate-

ments to help cover the increased operating
costs incurred by shoreling property owners

-.and users.due to fluctuating water levels, and

would include such prolects as.modification of
docking facilities at marinas, modification of - .

intakes and outfalls, additional pumping Capacity -

for irrigation and modification of whaives and

_ _docks and channe\ depths in cornmercral har-
bours. A third Type 4 measure was’ publtc |nfor-

mation and education programmes. ‘The goal of

 these programmes would be improved under-
. standing of the ‘Great Lakes— St. LaWrence Rlver .
: _Basnn and the risks and options involved in locat-

ing nearthe shorehne in the Basin. The fourth-

) representattonal measure was real estate dis-
“closure. Under disclosure regulations, real estate

_ agents ‘would be required by law to reveal haz-

- ard land properties and owners of shoreltne
properties would have to disclose. any past dam- -
- .age of repair costs’ assomated with floodrng and

: eros:on problems - ‘

- .Type 5' Emargency Hesponss

Capabllrty

The mieasures under this type have aH been '
. designed for imimediate |mplernentat|on as the
:. need arises. The first of these measures included
~ sandbagging. diking, o, in times of drought, |

emergency water supplies. This measure was

characterized by immediate, physical assistance. -
‘A second measure focussed on enhanced storm

forecasting and included information centres

and improved communications. The third mea-"

sure was designed speoifically for the situatich
on Lake Erie. Basically, the measure corisisted of
increasing the Niagara River flows by modn‘ylng

" thé existing Black Rock navigation lock. Although.
" modest increases can be achieved through exist-

ing controls further construction would be nec-

- essary to effect substantlal changes’ tn outflows .

Typs 6: Comblnatlons
The possible number of cornblnattons of..

"clifferent types of measures are Iarge andcon- .
~tinuously expandable as new plans develop.

"_I'h_e fo!lo_wing_fo_ur rmeasures. have been devel-

aped as examples of combinations which group - |

different types of measures for optimal impact.

T'he_ first measure explored was ene which incor-.
. porated increased regulation of water levels in
* the Great Lakes by combining Lake Erie Plan 50N
(Type 1) with a sill placed in the St: Clair River -

(Type 1) and structural setback zoning (Type 3).-
- This combination provrded a. reduotlon ir the *

extréme range of water level fluctuations on

Lake Erie, some reductton in lakes Michigan=
-Huron levels, and some assmtanoe forthe impact

of short term fluctuations (storms) that cannot  ~
be significantly reduced by lake Ievel"regulation
plans. A second combtnatron of measures.inves--
tigated vvas breakwater constructron (Type 2)

- with enhanced public information and educa-
" tion programmes’(Type 4): The third cornblna- :
"~ tiori of measures developed maximized the. use

of existing regulatory structures and procedures -
{Type 1} wrth enhanced programmes of hazard- .
tand mapprng {Type 4) and public.information
and education (Type 4}. Thé fourth.plan com-

‘bined community: acquisition-of hazard land
'(Type 2}, with regulation of the use of property rn

hazard areas (T\/pe 3).

These types of measures and’ representa-

tive measures have been investigated specrfrc- o
_ally with the mandate of the Reference in mind, -
_ thatis, 'to develop appropnate methods to atle- a
~ ‘viaté the adverse consequences of fluctuating ™
- water levels”. They do not dlrectly addressissues
. WhICh have betome mcreasrngly rmportant in- o

the course of this study, suchras |ncreasmg the -

-beneficial consequences of ﬂuotuatrng water

Ievels and basing thé selection of measures-on

- systemrc perspective derived from common -

goals and strategies or frorn basin-wide involve: -

: m,en't of ‘inter_e'Sts-in-th'e governanee ofthe system. .~

"The Evaluatlon Framework

One of the tasks of the Study wasto develop

“- a'means by which proposed measures could be
ompared and -assessed in.an orderly and com- -~

prehensive manner. Thts evaluation process

would take the i rnqum/ well beyond the ques- :

tions of feasibility and cost to the development
of profiles of measures as seen from the per- -
spective of the retevant components of the.

“natural and human systerns The-resulting frarme-
] work of evaluation is an attempt to demonstrate. .
a method of assessing each measure againsta )
set of criteria used to evaluate its impacts. (See- -
Annex F) For this purpose, six-core cnterra were '
‘selected as key standards for determrntng an )
|deal measure This |deal me_asure would:

. Be economrcally efflcrent and sustalnable ‘
. Matntaln or enhanoe envrronmental :
. integrity; " S :
“*Besocially benef|<:|al or acceptable
* Aveid risk or enhance certarntv
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*Be polm'cally' implementable; and.
* Be fair and equitable.

‘These core criteria were then sub-divided into

- "operational criteria”’. which were to enable
judgrments-specific enough that a scoring scale
‘colld be established to assist in rendering judg-

‘ments on the assessment of impacts. Under the™

core criterion, Social.Desirability. for example,
four specific operational criteria were identified.

These were: 1) human health, seburit\/. and weli- -

being; 2} private property rights: 3) effects acroés

* . social strata; and, 4) public access to natural

and cultural resources. The evaluation frame-
work was designed to enable weighing among
the operational criteria and the core criteria by
‘whomever evaluates the-measure(s). As an aid
inthe evaruétion process, an impacts matrix for
each measure was developed whereby the vari-
“ous types of impacts and interest group con-
cerns weare identfied and related to categories
of intérest groups and the natural environment.

The evaluation. framework developed and
tested in this phase of the Study is a sysiematic
attempt 1o organize the assessment of mMeasures,
but flexibility' was a major considetation. The
inventory of measures can be modified or ex-
panded as new ideas and proposals are devel-

~ tped-and the criteria can be applied in different -
ways de'pendmg on the underlying objéctives.
policies. and values. The essential purpose was
to establish @ means by which evaluation could -
be carried out through an analytical process in
an organized manner. Future development of an
evaluation system will have to pay particular

attention to the methods of quantification and -

to the specific contexts in which evaluation 15
best applicable. Some measures, for example,
can be implemented in local situations, white -

others affect the Basin as a whole. Each analysis

will have to look both to the overall goals of -
Basin management and to local needs, and the
evaluation process will have to be modified

“accordingly This is the first step in the. develop-
ment of a system of evaluating measures, but
“an evaluation framework, when fully developed,
can be a sophisticated method for advising gov-
ernments on policy. Future development ot the
evaluation process will have to be subjected to-
a rigorous ana'lys}s of the relationship of criteria
10 the system and to what is most significant
about sach measure. o
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Towards
A Strategy

Taking a whole system view implies the
development of an overall strategy for dealing
with issues arising from fluctuating water levels.
The multifaceted, muttidimensional characteris-
" tics of level-related issues, including hydrologi-
cal, climatic, environmental, socio-economic,
and palitical aspects, mean that piecemeal
application of single local measures is not Hikely
- to suffice and that.an effort must be made to

iintegrate proposed measures in the perspective

of the entire natural and human system
(See Annex D).

An overall strategy will require an agree-.
ment about goals, a coherent plan of action for
deploying measures and the development of
“apprdpriate mechanisms for governance.

Agreement on Goals

Ari important step inattempting to develop .

a strategy for adapting to fluctuating water lev-

els in the Great Lakes — St. Lawrence River Basin®

is to find the common ground and areas of
agreement between the two nations in regard
to the desirable goals and principles for future
development of the region. Preliminary analysis
of federal government policies shbWs there s
already considerable consistency in the broad
policy themes of the two countries. Recentbi-.
national agreements concerning water quality,
for example, may be a potential source for some
of these goals and principles. Such accepted
positions on the inseparability of environmental

Chabter

quality and 's_ustainability of human use would
provide guidance in-establishing goals for deal-
ing with water levels issues in‘the long-term

- perspective of the future well being. of the Basin

as a whole. Private ownership, rights of interest

- groups, protection and restoration of the envi- -

ronment, and the common good of society will -
have to be accommodated and balanced out.

- The goals will have to be directed toward the

future needs of the Basin, but be specific enough

to give guidance on operational planmng and

|mplernemat|on of measures.

Plan of Actlon :

The development of a plan of action for
deploying measures will have to be consistent
with the agreement on goals and must lay out
an agreed framework for action, consistent with
bi-national regional goals, and directed toward

_ the specific needto alleviate the adverse conse- .

guences of fluctuating water levels. Because of
the variety and complexity of the tasks involved,
the dynamics of change and the intercan- '
nectedness of 1ssues, the plan of action will _
have io be a flexible guiding concept rather than
a master plan. It will have to take into account
how the measures should be deployed and
how they relate not only to the overall goals but
also to local circumstances, topographical con-
ditions, population distribution, and type of
damage. The deployment of measures must be
particularly well planned because of the need
1o respect lacal autonomy, private ownership
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- and governmental responsibility. It may be that
important elements of thjs plan will include use

of large scale, protective measures where popu— '
lations are dense and investment high. further .-

' ’ modification of existing controf capabilities; pro-
lection or some redress of damage farproper--
ties which are privately owned. regulation

-of future developments and emergency pro-
grammes for specific areas. Funding sources,
distribution of costs, priarities, sequence of
implementation and attocatton of resouroes will
'aII have to be developed

* The System of Governance

Institutional arrangements and other mech-
" anisms for governance must assure that the

’ development of. agreements and-plans of aotton

-~ and the |rnp|ementet|on of decisions are carried

out over the long termand across jurisdictions

and facilitate the process of management At

" each level of governm_ent, there are various

. authorities, mandates and capablities and these
need 1o coordinate their actions in a mannear .
which.is consistent with-the. peroetved overall
good of the- Basin. The existing coordinating .
bodies. such as the Council of Great Lakes Gov-
ernors {and Premiers). have already begun 0
devetop and rmplernent joint agreements- and
some interests have organized for Coherent

- actlon Itis important that these governarice
prooesses be grganized so as effectively to bal-

" ance local autenomy with the need to plan,
integrate and operate for'the common good.

> Communication is closely interlinked with

~the. functioning of the system ofgovernanoe On :

the most basic tevel there are programmes
desugned to deliver 'public information.’ This

process is a_ one-way flow of information from . -

the distributing agericy. usually governmental, -
to the public. The informationiis presented with:
- an-eye to different uses. The feeds of the trans-
" portation industry, the shoreline resident, the
_naturalist, the boater and the schools may vary |

_greatly in the-format for delivery of whatmay be )
very similar information. The information required

fordecision- -making, on the othar hand,. may be
.-‘of a very dtfferent nature.

It has been realtzed inthe process of carryv )
ing out this study that the present systemn of .-
public information is not adequate. Information
is being de‘veloped'and distributed by govern-
mental and non-governmental centres through-
out the Basin. This information is more or tess .’
accurate, dependtn_g on_the source, and more.
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or less avatlabte.'depe.ndin,g on the mandate
and financial rescurces of the agencies. Infor-
mation presently being distributéd includes
material related to risks involved in living on

“the shoreline. ass:stanoe programmes available

for property.dwners.n coping with lake levels, -
marine data, explanatlons of why water levels

- ohange and hrstortcal perspectives an water

levels and water level studies. There is a need
for. co-ordination. sharing and orntdeveloprnent '
otthe structural functtons of governance It is.

“obvious; however, that it is not possible to think

inAterms of _a“single inforrnation programrne.

The role of communication in governance is
key tothe suocessful tmplementatton of mea-

‘ sures and will oonttnue 1o grow in |mportanoe

as the demanid.for new knowladge and“techni- |

© cal infarmation, information services, planning

needs, ‘and educational. material | increases. Infor- ]
mation is basic to the abthty of the interests to

Linvest wisély. weighing benefit and costand - -

choosing the design range wtth'whioh they fesl
comfortable. )t is basic to the needs for research

. and technical knowlédge without which the
implications of courses of dction cannot be plots

ted and the predictive’ needs cannot be met. ft i IS
necessary for the poltoy and decision- makers in

. planntng actions. The commuinication of infor-
. mation; opinions, positions, decisions and con-
* cerns is the web of interactions of the svstern '

through which.human acttvmes are. regulated
and the natural system is understood

' One of therinformation systems being devel-
oped in the present study, thie Geographic Infor-
mation System {GIS) may play an important | role
in the future governance “of the Basin. Thereis a

strong tendency in recent-years to consider very © -

carefully environmental impacts of measures
before any action is taken. Varicus tools are
avatlable to aSSIST in assessing the consequences
of water level fluctuations and the environmen-
taf |mpacts of measures. Because of the varia-

" -tion over space and time in the natural and
~human elements of the Basin, and of the pro-

cesses which influence and interrelate them.
this.study has devoted substantial effort to the

‘-devel_opment and initial testing of a computer-
supported GIS. The GIS etlows significant rela-
~ tionships to be identified and.analyzed, and
' theresults'to be displayed ina manner which’

accommodates vast amounts of information and |
enhances comprehensnon of the functlontng of

. .'the ecosystem



"Parallel'10 the develo opment of the GIS,

the study group.cn Communlcallons devel oped
a tele\nsmn hook up inten major centres inthe
Basin A system for bringing various groups into
contact with each other and with spebiahsts in
a range of fields connected with the Basin is
needed to facilitate the interchange of informa-
ton, ideas, and posiions.amaong the widely
varymng groups. Innovative use of CO{ﬁmumca—
tions technology will be onz of the components
of the successful development'of a coordinated
system of governance ' :

Conlflict seems of the very essence of’
the functioning of the ecdsys[em_ eskpecnally in
regard tothe uses demanded of the naturel .
systemn by the mdiustnail urban society Good -

communication relieves some of the edge of
conflicting interests. but many of the values and
activities are inherently at odds with one another,

It has been suggest,éd that many of the meth-
ods Qfdecisnon—making need to be supple- -
mented with an drgamz'ed negotiating process -
_Such negoliating procedures, which attempl to
organize the conflict of interests through the-
provision of a forum and method for the state-
ment, discuéblon‘and conclusion of 1Issues, are
genencally referred 10.8% aitematnve dlspute
-resolution processes

~ The alternative dispute resolution processes
are an exercise in consensus-building and, as
‘such, ‘offer assistance to traditional decision-
making methods. The focussing on issues rather
than soluticns, the relaxation of confrontation,
the sense of real participation in formulating

solutions and the enhanced likelihood of deci-

sions being accepted are possible advantages
to the negotiation process. The greatest side

benefit of the process is the learning opportuni- -

ties far all interests as thay have to deal with
technical information and opposing arguments
and have to’ modlfy their own positions in
respanse tothe new information. Thigse bene-
fits accrue even if an agreement is not S|gned
oft at the end of the process. :

‘ Neg_otiation in itself will not guarantee solu-
tions acceptable to everyone, but itwill improve
communications.and wilt facilitate the process.
of decision-making. Every procesé‘of problem’
resollution whether based on negotiations or -
not, takes place Wlthll’l a certain-context of
authority. Limitations are determlned by avery-

thing from constitutional directives to legislative -

and legal precedent to the p:ractic‘al questions

of fmancmg Thesa himitations need to be'set.
out clearly for all mvolved in the, alternative dis-
pute resolution process at the beginning, so
that participants know exactly what decisions

they=are making and within what bounds;

GOVBI’HE!I‘ICG mechamsms must evolve to

ratch the Cornplexnv and varlet\/ of Ihe [asks

required for effective management of the water
quantity 1ssues Effective governance will facili-
tate continuity, Communlcatlon partn:lpallon
and coordination.

The development of an overall strategy will
determine where fuluré efferts and resources
need to be assigned. One of the salient findings
of this Study is that the prdblems identfied in
the Basin's natural and human systems are

. enormously complex. A clear overall strategy 15

needed simply 1o determine what parts of the
complexity merit attention immediately and what

“parts will have to wait or réquire exiensive con-

sideration. Not only must the perspective on the
issue of water levels be systemic; the apcropfi- |

“ate measures taken by-government will have to

be systemic as well.
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Chapter

‘Conclusions and |
'Recommendations

~ Thecall'to deal with the Great Lakes — St..
Lawrence River Basin from the perspectiverofé .
total system has been voiced formore thana®
decade. This study has for the first time explic-

itly attempted to organize an inquiry into water
levels and flows which takes irito account the .

-full range of componeants of both the natural
and human phenomena of the Basin. These:
include hydrological and ecological as weli as
political and econormic aspects. Not only have:
the chariges in water lavels been studied and
the impacts of the-action of water ¢n the shore-
line, but also how humans respond fo and adapt

to changes i the environment and what system *

of governance is needed in the Basin.

This systems approach is a conceptual re-
arientation from the problem-specific analyses

. of the past. Evén though it has been recognized '

in-previous studies that the issues associated .
‘with. fluctuating water levels cannot be ade- -

" quately addressedés'single ordiscrete prob-
lems and aven though thé term ecosystem and
-holistic approach have becomie a part of the
vocabulary for discussing Great Lakes —St. Law-
rence River Basin issues, it is far from easy to
conceive of and carry out a systems analysis of
the issue of fluctuating water levels.and flows in
the Basin. The_véry attempt to channel into the
inquiry the thinking of spedcialists from widely
different disciplines'and the positions of gov-
emment, governmental and-non-governmental
‘agencies, and a range of involved groups has

emphasized the difficulty of developing a com-
prehens‘ive-app,roac'h. Phase | of the Study '
evidences the various degrees of success in
this attempt; the lessons learned will direct the

work of Phase Il

Not anly do'the water levels and flows them-
selves constantly change. but human positions,

- values and nstitutions are also In a continuous
process of adaptation, sometimes to the water

levels and flows, sometimesto'stimuli outside
the Basin, sometimes to thair own varying needs

_and'_circumstances'. $0, 160, I this Study, we
have had to take as a starting point the assurnp-

tions of the participants and allow the discus-
sions to move as freely as possible toward the -
comprehenswe level of a systems analv5|s
Change and adaptataon were as much part of

'our process as they are basic to'the system we

were studying. For, theré is no simple, enduring
solution for dealing with what has beencalled
“adverse consequences’.inthe Reference. The

‘systems approach requires that complexity and

change be wedded 10 the need for.an. organlzed
process of decision-making and mplementanon
over the long-term. :

Water levels issues take place in the con-
text of many othér.natural; political :social, eco--
nomic and technological factors and possibie
solutions and courses of action must be sensi-
tive to and consistent with these factors. Politi-
cal concerns, such as national soverelgnty and
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economic well-being, ecological concerns, such
as water guality, hatural issues, such as.climate

. change and wildlife habitat protection, and large- -

scale’ economlc and socral changes are inter-

woven into the fabric of the development of the )

region. Any measure or set of measures designed
to deal with Basin issues has tc anticipate a
range of considera_tions (hydrelogical, gecmor-
phological, ecological, economic, land use,
demographic, political and legal}.or they may
actually increase the problem they are meant to
resclve. Awareness of the total geographic area
is necessary in discussing any course of action
. for the Basin. What seems a desirable action in
one part of the systein may have negative results
in another. The systems approach emphasizes,
that the wholeness of the system has to be
foremostin our minds.

Not only space but consciousness of time .

is essential to systems analysis. Solutions must '

be designed to answer not only the- problems
of today but-also future contingencies; no mat-

. terhow uncertain our predictions of the future

may be.

At this juncture'in the Study, we are con-

vinced that for putposes of managing the Weier -

tevels issues over a long time frame, itis neces-
sary that a broad planmng approach be devel—
oped, which will |nclude

«the development of bi-national agreement
" on principles. designed to provide broad
guidéhnes for future decisions in regard to
~ water leveis $s5UeSs.”

- the development of an overall strategy for
deploying measures: It is important that
both the needs of the entire Basin as well
as'the crrcumstances of specn‘lc Iocales be
encompassed.

-the deveiobmenf[ of a framework for an

effective governance system, including con-

siderations for the appropriaterole of inter-
ests and t_he public,

We intend to carry out these three tasks in
Phase Il of this Study. One of the tools we shall
devetop for these purposes will be a set of
policy models, relating to issues of hydrology,
the effectiveness of measures, and the activities
“and sensitivities of interests. These models will
be designed for use by policy makers or inter-
. ests themselves in ,exploring the impacts of
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various positions and possible actions.

Since state and prownmal governments have -
direct shorellne authority and their pamClpatlon
is vital to the managerent of the’ water levels

" issues, these jurisdictions should be involved in

the process of arriving at agreement on goals
and objectives and in developing an overall strat-
egy for the region regarding water levels 158U€S.

Whatever decisions are made in the future

" concerning the water levels and flows in the

Great Lakes — St. Lawrence River Basin, they will

- have to take into account, work around.-and
- build on decisions that have been made‘in the

past and which affect the day-to- day life of the -
Basin. Moreover, natura! changes will continue

‘ “to be major factors in the future as they have in_

the past and must be taken into account. Fven
without significant changes in regional water

‘ supply or lake outlet conditions, lake tevels are

going to continue to vary, and it is possible that

‘they will vary beyond the recordings.in the 20th -

century The probability or possrblllty of these

accurrences of extreme levels cannot be quan-

titied precisely: they simply have to be taken
into account when pr0|ect|ng rhpacts ¢ of varous
courses of action. .

Similarly climate change, especially if it
causes persistent trends in water supply to the

\lakes over a period of several years, can have a

considerable effect on lake levels. ltis not possi-
ble to tell from existing recorded data, however,
whether a long-term change is establishing itself
or not; we will only be'able to see whether a
new pattern is.being established by looking - -
back at the records. We will, therefore, have to
continue to deal with uncertainty as part.and
parcel of the process of decision-making. Pre-
diction will always be based on incomplete,

“perhaps even inaccurate knowledge Climate

change, like prediction of extreme levels, 1sa
factor which has to be noted, but which cannot -

_be assigned-an exact importance. Furthermaore,

in the issues of the Basin as a whole, the.cli- -
mate change phenomena may have rmuch more
impact in social, technological, political and eco-
nomic areas than in the issues associated directly
with the f!uctuatlons of water levels and flows.

A great deal of'discussidn in'Phase | of the
study centred on the two 1ssues which attract
the most attention in controversies regarding
water levels: full control and regulation of the

Jlakes and protection and restoration of the envi-



ronment. At the ex’ireme, advocates of full con- .
trol and advocates. of environmental intégrity
have often found themselves diametricallyop-
posed on what courses of action'should be
1taken ih the Basinin regard to water levels. The

- two positions may be simply stated ‘as maxi-
fmum hurman involvement as opposed to rnin'i— \
‘mum human involvement. They are often seen, -

" however, as an older way of thinking, character- -
ized by faith in technology and engineering and

" the human ability to solve any problems, and a-

“newer emphasis on the necessity for human
activities to accommodate themselves to natu-
rai processes

~ The mandate of the study was'to examine
ways of alleviating the adverse consequences
of the fluctuating water Ievels and both of these
extreme positions as well as a spectrum of vari-
ations had 10 be examined. The possible pesi- -
tions or'courses of actions between the extremes
engender less ardent support, but they may .
well be the ones which yield practical and ac-
ceptable-ways of dealing with'the fluctuating

- . waler levels issue. In this phase of the study

these various courses ol action '(measures) were
looked at and given a preliminary testing. but in
outlining these courses of acticn certain, what
may be called cautionary ceonsiderations had to
be made. At first reading, these considerations
seem to be almost 100 obvious te mention, but -
their importance for finding a way of dealing
with the issue of water levels and flows cannot
be over~er’ripha‘size'd. R

The first of these consuderatlons is that any

_course of action taken to: resolve issues n regard
to fluctuating water levels and flows leads to
disagreements over how the systemis to be -
‘used and managed and how costs benefits,

and access are to be allocated. These conflicts
centre on the different perceptions and needs
~ of interests, onimpacts on the natural ecology
-and on concerns for health and-productivity. We
are, therefore, not-talking about asolution ora -
courseof action, with which éveryone will agree, -
but about a set of measures managed over a
iong time, which satisfies the most critical.con-
+cerns. Those.concerns will be looked at.from
- the point; of view of the entire Basin, but they
will encompass the needs of individual commu-
nities and tocalized situations. The message 1S
“clear, however, for those holdmg extreme posn-
tions, prepare te COMPromise.

- The sec_ond obviods, bbt often overlooked

s

consideration is that full regulation designedto’
reduce the range of historic fluctuations on all of
the lakes would further exacerbate the extreme -
flow variatién in thé connecting rivers and in the
St. Lawrence River, untess RroviSions were made
for the diversion of large quantities of water into

_or out of the Basin at the critical time. In effect, -

this exugency places a practical limiation on the " -
extéent of possible control even if full regulauon
were mplemented :

The thnrd ponnt that needs tobe ernpha—

‘sized is thal at this stage in the present study

there seems no reason to modify the conclu-
SIoNS presented n previous studies in regard ‘
to the likelihood of full regulation being imple-.
rnemed The current understandlng of the -
technical- merit, socio-economic rationale and. -

* government policy-support for full regulation all

make the implementation of such a proposal
unlikely in the foreseeable future. The conciu-.
sion, that full regulation 1s not thie preferred
course of action at this time, does not arise
because.of lack of knowledge or investigation,

. but because of the realities of the present eco-

noric and political situation. Hlsloncally, efforts
to deal with the problems of water levels tended *
to focus on structural.measures; in fact, few

" regources have been directed toward the vast

array of potential, alternate measures. Engineer-
ing solutions alone are applicable to relatively
few of the gamut of problems and a restricted
number of local conditions. The adoption of

- gcombinations of measures is seen, therefore, as

achieving better overall results when focussed

~on specific, localized areas. Beyond consider-

ation of historic approaches and technological -
factors, the present economic and political
situation has to be taken into'account. Cost
estimatés for full regulation andits associated
accommodations for the rest-of the system are -
extremely high -and the net economic.-benefits
of water fevél regulation are not clear, And, not.

. least, in both countries increased awareness

and concern for the environment has meantthat
no meéga-projects can go forward without pass-
ing through strict environmertal assessment

" procedures which can take years ta cem_piefei

“On the environmental side, a great deal of

" attention has been given over the past years to

the function-and importance-of the wetlands in
the Basin. Fluctuating water levels are a natural
procéss which are important for the maintenarice
and-replenishment of wetlands. Although the

exact impact of fluctuating water levels on wet--
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lands is not known, it is.clear that the alternating
seasonal and periodic extreme fluctuations are.

~ basic to the productivity of the natural habitats.

The wetlands; in turn, provide a rich and varied
habitat for fish, plant. and wildlife species and
play an important role in modulating flows and
cycling matter and energy throughout the Great

Lakes —'St; Lawrence River Basin. They alsoplay

arole as a buffer for fluctuations and storms.

" -With the loss of over one-half of the wetlands _in'
the Basin, mostly in this century, there is con-

- cern about any plan which might compromise
the remaining wetlands in the Basin..

And Iastly there are major changes in socio- .
economic structures, which reflect much larger -

changes in values, technology, organizational
behaviour and world markets and demograph:

ics. Here, too, our knowledge isnot sufficient to -

give definitive answers to all guestions, but the

growing demands for a better understanding of
the interrelatedness of these changes will have

to be met before the impacts of possnb!e courses
of act|on can be thoroughly evaluated.-

~ We have to deal with uncertairity as
_an unavoidable condition for decision-making, .
- always recognizing that as fulla range of con-

_ siderations and as'much reliable 1nformat|0n as’
possible have to be brought to bearonthe
issue. Forexample, it is possible that a measure

~ orset of measures, i all conditions are not taken |

- into account may actually increase the very
problem they were intended to:resolve. Itis,
therefore, critical that any measure orset of

measures designed to address the issue of fluc--

tuating water levels in the Basin be examined in
the light of a full range of considerations. Atthe

same.time, itis important that long-term strate-

gies for dealing with significant deviations in

levels, such.as those that may be caused by the

“gréenhouse effect”, be developed along with

an improved capability for estlmatlng the proba—-

bilities of certain levets

oL Al these eau-tionary considerations are
based.on incomplete knowledge. and. perhaps,
" itis partially because of the incompleteness
of our understandmg that there is resistance

to proceeding with measures which may have .

unforeseen impacts and which may not be

reversible. It is.certain that these considerations -

are, however, ot to be disregarded.in trying to

weigh the:merits of the various courses of action -

available to governments.
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Even though there is a perception among
certain iriterests that structural works are
necessary and appropnate the Study to this
point does not support such & conclusion,

Based on our findings, we.féel strongly that full
regulation should be recognized as unlikely to

- “be implemented by governments in the near
future and that combinations of measures of all

types should be vrgorous!y pursued in study

_and |mplementat|on

.Recommendation: It is recommended

that the federatgo\remments not undertake

'commltments toward planning; fundmg, or
. constructlng major public works to control
- levels and flows in the Great Lakes—St.
" Lawrence River Basin watershed until there A
" is more consultation with interests and

a more comprehensive evaluation of the -

impacts .of such'wo'rks o'ri the-envi,ronnjle'nt.'

In surveylng opinion in the Basin; mernbers
of the study groups discovered that there were

‘misperceptions, lnaccurate information and Iack

of clarity concerning both the natural processes’
and the imipacts of hUman activities. These short-‘

' comings make discussion of possmle measures

_ diffigult if ot |mp033|ble As we move intg Phase
Il of this study, there are a number of ponnts
which neged to be cleared up. ' '

First, land use, 'consumptive water uses,
and other human interventions have-a minimal
influence on fluctuation of lake and flow levels.

. Forexample, eurréntregulati}on,otIe\rels has’

very little effect on'muich of the system, except

~ for Lake Ontario and the Upper St Lawrence

River system and 1o lesser exterit fo’r'Lake_Supe;_
rior. The greatest impact of regulation is in the
trade-offs between levels and flows: Water held.

" backin'sustained dry periods to maintain lake

levels results in lower river flows and, conversely, .
excessr\re discharges made to lower lake levels
during sustained wet periods résultin higher

. river flows, Present, limited regulation criteria
- have historically been designed to provide bene-

fits for commercial navigation and power. How-
ever, the socio-economic structure and land use

. patterns and values have changed 5|gn|flcantly

in the past 10— 15years and setting new cbjec-
tives, even for the limited regulation of levels
now in effect, is' difficult. Knowledge of the pre-
sent objectives is very timited among interests
and this engenders many susplmons and unre-

., alistic expectatlons toward the Internatlonal Joint
: Commrssron ‘This situation makes present oper-



~ atian more difficult and doés not serve as a

useful guide in developing future plans. ltis

clear, however, that present objec‘nves of regu- :
‘lation are in need of thorough revigw.

" The causes of shoreline:ergsion are also

_widely misunderstood. Although water level fluc-

tuation'can be important for some shore types. -

" for many other types fluctuations have little influ- _

ence over the long-term rate of recession
{erosion). Much more important to shoreline

dynamics are storms. Shoreline erosion and flood

damage occur primarily during storm events.
These damages can be further exacerbated in

' local areas by the presence of high.water levets

and the geological characteristics of the shore-’
line. This can be seen most clearly on Lake Erie,

which, as a result of its shallow depth and orien-
- tation to westerly storms, has the-most exireme ‘

short-term, lake level variation due to storm

. conditions.and the highest shore erosion rates

of any of the Great‘Lakes because of its shore-
line characteristics. Although much work has

already been done and there is wide consensus
- onvarious processes, we need more knowledge

about erésion in specific locations, as well as
about wetland rejuvenation and the creation
and alteration of nearshore depositional features
as a function of water levels fluctuations.

 Athird occasion for misunderstanding iden-
tified by some partic’ipahts in the study invelved
the very idea of an "adverse conseqguence’.
Adverse for whom? If what is adverse for one

interest is beneficial for another, is it still adverse?

It Has been argued that human activity in-the
Basin represents investments, inwhich a deci- -
sion 1s made to benefit from locating there.
Benefits vary, but all can be weighed against the
costs and the level of rigk that is comfortable. -
Thése investment decisions are madé on the
basis of information available. The issue, then.
may not be whether or by how much an interest

suffers adverse consequences”, but how does -

the interest benefit from lake services, how are .
the costs factored in and why does the interest
petition governments for action. All |nvestmems
are-based on expectations of probable future

benefits and costs, and, these in turn are based

on information the interest has on what he or
she may expect from government. Many inter-

‘ests, for example believe that they have the

right to expect certain levels and flows and _
certain actions by government. These beliefs
are often erronecus and it is incumbent upon

government to articulate, perhaps even to review,

the current status of those rights. However, when

aninterest petitions governments for assistance, -
itis usually a.resuit of the interest either not
Faving expected the magnitude of water level
changes or not'having the resilience to respond
to the changes. Apart from the guestion of the
refiability of and responsibility for information,

~ the central issue inthis approach is who bears
the costs of the consequences of changing water - -

levels —the investor, the customer,'the general

“taxpayer, the environment? Ma_naging levels,

therefore, Mmeans managing the process of allo-
cating costs, benefits, and risks across groups.

" Notonly were past planning processes of gov- -

ernment often'maore appropriate for demgmng
and evaluating individual projects than for man-
aging the ecosystem, they also were poorly
cenceived in regard to informing investment

- decisiers, informing the political positions af

interests and informing governments about inter-
gsts’ positions. In the light of this problem, we
think action can be taken i in this area |mmed|ately '

‘Oneofthe aréas, in wh|ch participants
of thig study found aneed for the artlculatmn
of specific infofmation, was in the operational

" objectives regarding lake level control. The

knowledge of most interests regarding the exist-
ing operational objectlves tor Lake Ontario and
Lake Superior levels is very limited and therefore

‘engenders suspicion and unrealistic expectations
-toward the International Joint Cammission. Clear

enunciation of these o_bjeotives would do a great
deal to promgote more.feasonable expectetiohs
amaong concerned interests. Along with articu-
lation of objectives, the existing hydrological
and hydraulic models could be accommodated
to deal with scenarios ranging from existing
controls to-total Basm regulation, including

a review of existing regulation plans for 19580
and 1977 for Lake Ontario and Lake Superior
respeactivaly.: '

Recommendation: It is recommended
that the International Joint Commission
communicate its operational objective -
regarding Lake Ontario and Lake Superior
levels so as to promote reasonable ex-
pectations among concerned interests.

In addition to misperceptions and misun-
derstandings on the oné side, there are real
inadequacies in the performance of government
in providing informationto interests in the Basin.
This situation has been nated many times in

" previous reports and steps have been taken to
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_ improve the situation. Information provided-by -
governments, however,is stili .nadequate and
poorly'and unequally distributed. Some inter-
ests, such ascornmer'ci'al-arid industnat enter-
prises, have access o reliable information, others
may nct know what information is available or -
where to obtain it, and, in many cases..when
they do get information'itis often notina, =
* format-useful to their decision-making. Informa-
tiorrelated to water levels made available by
government also seems 1o follow an “issue-
attention cycle”. The problem is comgounded
by the uncoerdinated multitude of governmen-
'~ tal and non-governmental sources of informa-
tion throughout the Basin, and by the fact that
there are apparent 1nC0n5|stenC|es in p0I|CIes
_authority. prograrnmes, and |mp|ementat|on .
- structures of faderal ‘and.cther levels of govern-
.mental departments and agencres

Im addition 10 more accura’te and available
information, there is a perceived need for differ-
ent kinds of mformanon presented in drfferent
formats. It is cléar that the ways by which
information’is made available must vary . accord—

. ing to the user. Informed.risk-taking begrns
with reliable information: Information is in many
instances a two-way process, in which puslic
response and involvement are crmcal to future
decrsron makrng

.Certain areas, In.which more knowledge is
needed, have already been identified in this
phase of the Study. For example, the geomor-

" phological susceptibility of different segments’
_ of the shoreline to short-term and longer-term
~ water level fluctuations, storm patterns, and wave
*and wind action need further analysis. This type
ofinformation can be used to map vulnerability
“tiers using a gecgraphic information system
“covering the shoréline throughout the Basin.
We also believe that our knowledge of the basis
of the relationship between water levels, inter-
ests, and envrronmental processes needs | im-
"provement., By concentrating on the specific
vulnerabilities (e.g. damage poténtial) and the
beneflts of fluctuations in relation to interests
and wetlands and environmental processes
knowledge can be gainedthat will enhance
and refine the capabilities of the Geographic
Information System berng developed orntly by .
both ‘countries.

In the realm of human acfivities, there is a

_range of areas of analysis which require our
-attention in Phase Il. We do not know in enough
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~ depth many basic SGCIo-gconomic aspects of |
the Basin. Urbanization, the growth of leisure
.and recréational activities, changes in the

industrial base of contemporary North American
society, changing demographics of population

. congcentrations, Investment patterns and govern-

rment palicy develepment are areas of direct
concern for a systems approach ta the prob-
lems of the Basin. Large as these areas of
study are, they will have to be de-limited and
focussed in order to be of use in the future
decisiens which will be made by govemments
in both' countries.

_ Durmg the-course of this study our prelimi--
nary investigation on governmental decisions in
regard to management of water related.issues,
indicated that Canada and the United States
agree on a wide range of principles and goals,

. but have not yet articulated them clearly. Until
-these principies and goals are publicly stated by

the federal governmants, it _is difficult forother
levels of government to aevelop plans and pro-

grammes forthe Basin and for rmerests to make '

informea decrsrons

"Fl'ecomrhenda‘tion: It is reépmm,end_éd
that the federal governments issue a state-

ment on federal pollcy goals regardmg

: water |ssues

One of the products of Phase Il of thrs

Study will be animproved public’ information”
programm_e, which will assure interests of equal :
" access and ability 10 use information. We also -

intend in Phase !I'to carry out further in-depth

surveys and'analyses of interésts to understand
" bettet the location and economic investments -

aof interest sub- classes. Itis hoped that these

. Surveys. and analyses will further help to explain
the different sensitivities of the interests to fluc-

tuating water levels, as well as identify better
the type and timing of information needs for

.responsrble deersron making.

‘In some areas, Phase | of the Study has only
begun to uncover the problems which have to
be dealt with in addressing the water levels-

‘ issue. One of the areas is the intercannection of
water quality and water quantity, Itis known, for

example, that: fiuctuations in levels-and-flows
can affect the guatity of water in localized areas

. as seen n the|mpact ofIOWIeveIs on the con- o
cenitration of pollutants or of high levels on urban

'sewer mfrastructures or cattage septic units. It
s not clear, however. what the importance of



. this relanonshnp is or the degree of :mpact water . of measures by sUbjecting them toan 'aseess-

: Ievels have ‘on water quallty basm wrde "', . mentbased on certain cofe criteria, Evaluative
f : L criteria were- exercised ina structured frame- -
o | we are to earrv Out a su_cc_'es-sful systems" work to assess the impacts of measures on
*analysis of the Great Lakes =St. Lawrence River . interests and on the natural envuronment and to
Basin, we have 16 understand be,tterthe nature - - establish the: range and comblnatuons of mea- - '
and'interrelatedness of human activities. Popu- | - "sures and the goalsand values.which will shape )
lation changes. new investment decisions, indue~- ) and determlne future evaluative processes The
: trialre- conflguratrons and deve!opments and . evaluation was carrred out to-testitas an ana-.
- government policy are |nterrelated with-the nat- lytical tool.for governments. but it has the poten-
ural eénvirenment. We feel that the firststeps . - tialtobe used as a rnechanism for engaging . '
“have been taken in this phase of the Study but ' 'public partieipa’tien and invelvement, '

: much femains o be dore. . - . : ' -
' Y “In Phase Il of this Study. the comprehen-- ‘

t The atternp't o adopt 'a,’syst,ems p,ersp'ee4 siveness of the list of measures and-the process
) o . _ tive on the issue of water level fluctuations has:  ~ -of. evaluatlon will have o be reviewed and devel-
)‘{ T T Lo in: many ways raised as many questions as it , __oped Thefirst run- throughis, however, com-.
o ) " has answered. A wide range of exploratlon and . pleted and itis now p0351ble to see the etrengths
inguiry has been encouraged in this.first phase .. .and weaknesses of the presentapproach and
. of the Study; it remains for Phase-Il'to pull these ~. some of the implidations for the development of
S oo inves_tigatio‘ns together Some parts of the inguiry - < future evaluative miethods. These investigations.
L ol prove fruitful; some vt}_ill"e'nd ina cul-de-sac. -~ - will have t6 be explicitly related to thedévelop-
o : o - ment of an Gverall stratedy. There will always be -
e Appropnate as theee new and modmed " aneed for specific attention to-local situations,
‘t' : ‘ - systems investigations wete fof the formation of ~ butthese must be assessed.in the context of an-
i 3 - R a coherent overall approach it was felt there " ;_-overall strategy for the Basin. The challenge will :
S DT " hadto be an ongaing process of d|st|lhng bas|c - be to give fuII coneideratlon to basm WIdE\ISSLleS -
| premises and criteria from the investigations in while fOCUSS'”Q en |0C3| emgencuee
ordertotest, ina practloal way- their.relevance o _
for the process of decision-making. During the - - At the COfﬂD'ethﬂ of Phase lof this STUd\/
5 latter part of Phase |, an attempt was made to our. underetandlng of the. extent of the problem
' ~ summarize and categorize the possible-coursés - is now much clearer, but the magnitude of the
“-of actian (measures) which could be entertained ' task has not been reduced. Even-at this-early
© by governments; andto develop a rmethod of stage in our investigations, we can see clearly -
“evaluating those measures by assessung their  thatthere are certain actions which should be'
. impacts throbghout the syster as a whole.-For ‘ taken lmmedrately These include a moratorium: °
. thie first time in studjes oh the water levels is'sue ~ on ail major public works related to control of
S ~ alistof possible measures related to thisissue ~ - - levels and flows, the clear articulation of the ‘
T o was drawn up ‘and, if we set aside emergency operational objectives for Lake Ontario and Lake
- ‘ ‘ _measures and combinations-of measures, four . Superior, and the articulation of federal IO0|ICY
PR basic categories or types of measures were . . goals regardmg water Ievels is5ues.
LoT. 7 .. identified —Public Investmentin Controland . : o
AR --- 7 -Diversion Works, Public Investment to Direct -~ “The work carr,ied out in Phase-ll will have t6
e ' ' ; Land and Water.Use to Adapt to Fluctuating ~ - . be more closely dire¢ted-to yield specific results,
~ Levels, Direct Public Regulation of Land and - and projects which are ongonng will have to be
" .Water Use, and Public Programmes to Influence ™ ‘brought to completlon The ‘major challenges
“Indirectly Land and Wiater Use or the Effects of - have, however, been identified and there seems
Fluctuatlng Levels. These include. overahun- every reason to believe that the final produet will
dred SDE!CIfIC measures. Thls first attempt to " be instruriental inv reshaplng in @ major way
_bring together a wide array of measures will - - future thinking and actions concernrng the water -
have to be tested in the context of government ~  fevel fluctuations in the Great Lakes St. Law-

* ‘and publlcacceptablllty L - . rence anerBasm

" -Phase | of th‘e Stu_dy produced—a'prqcessj \
in preliminary fofm for-evaluating the relative
acceptability of the measures and combinations
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Lo briw hom. Jngalurk, Cﬁ.ﬁ.;b&puﬁé .

‘g g.tgmimﬁlm'kﬁﬁ éﬁﬁ
vnn&mqgnfﬁ?hﬁrfhr]@n&rnulg\ﬂ&ws

' OTTAWA, ONTARIO
K1A 0G2

August 1, 1986

Dear Mr. Chance,

: I have the honour to 1nform you that’ the Govern-
ments of Canada and the United States of America, pursuant
to Article IX of the Boundary Waters Treaty of 1909, have

.,agreed to regquest ‘the Commission to examine and report
upon methods of allev1at1ng the adverse consequences of’
fluctuating water levels in the- Great Lakes - St, Lawrence
River Basin. In doing so, the. Governments -acknowledge
previous Commission reports on regulatlon of Great Lakes
levels, which have encouraged appropriate jurisdictions .
to institute 1mproved shorellne management practlces

~ The Governments note that the previous reports
were based upon recorded water supplles which have subse-
_quently been exceeded, that economic conditions have chang-
‘ed, and that improved analytical techniques may now be
-‘avallable. The Governments conclude, therefore, that fur-
" ther investigation is néw requlred to revise previous
reports and develop appropriate methods to allevidte the
adverse consequences of fluctuatlng water levels. '

: rAccordlngly, the Comm1551on, bulldlng upon'pre-
viouS'studies,_should : S C

1. 'propose and evaluate measures whlch governments could -
. “take, under crisis conditions, to allev1ate problems
. created by hlgh and low lake levels.

2. 'rev1ew its prev1ous lake regulatlon‘studies'and{revise
. their englneerlng, economic and environmental evaluat-
ions; : L

cea2

"Mr. David Chance '
Secretary, ‘Canadian Sectlon
International Joint Commission
Berger Building, 18th floor
100 Metcalfe Street
- Ottawa, Ontario
K1la ON2




examine past, present and potent1a1 future changes-
in land use and management practices along the shore-
lines of the Great Lakes, their connectlng channels

*and the St. Lawrence Rlver,

determlne, to the max imum extent practlcable, the
socio-economic costs and benefits of alternative land.
use and shoreline management practices and compare

‘these with the revised costs and benefits of lake

regulatlon schemes.

investlgate any feasible methods of improﬁing the. -
outflow capacity. of connectlng ‘channels and the. St.

-Lawrence River;

develop an information program ‘which could be carried.
out by responsible governmental agencies. to better
inform the publlc on lake levelrfluctuatlons, and

con51der any other matters that the Comm1551on deems

relevant to the purpose'of'this‘study

The Commission. 1s‘requeeted“to examlne‘the effects

poth within and’ outside the ba51n of the measures it con-
‘siders on: : S - AR

(1) domestic water supply and sanitation;
(2) ﬁavigationf

(3) water supply for power generatlon, iﬁdqstriaI;
'and commerc1al purposes, C

(4) agrlculture, ‘
(5) shore property, berh public end‘erivete;
(6)’f1006'cohtrol; - -
‘(7)¢fieh,cwildiifelaﬁd_other.eﬁvirohmeﬁral eepects;
(8) recreation and toerism; and o
;ng such other effects and implications which
the Comm1551on may deem approprlate and rele-

-vant.

Wherever approprlate, the Commission is encouraged

to use 1mproved analytical technigues: which would best
represent the changlng condltlons _and socio-ecnomic values -




in the Great Lakes region. In order to assess the v1ab111ty
~of lake level regulation, the Commission should ‘take into
~account changes in land use practices induced by actions
which: prev1ously have affected levels in the Great Lakes

ba51ns.

: In the event that the Commission's investigations
show that new or altered works or other regulatory measures’
appear to be economically and environmentally practicable,
it shall determine the full costs and benefits.-of such
works or measures and indicate how the various interests
on either side.of the boundary would be affected thereby.
In addition, the Commission shall determine the need for
-and costs of remedial or compensatory works or measures
to offset costs to the interests which may be adversely
affected by any proposed regulatory measures.

In conducting its investigations and in preparing-
its report the Commission shall use data which is available
now or which is developed during the course of its study.
In addition, the Commission shall seek the assistance,
as required, of specially gualified personnel in Canada
and the United States. The Governments, subject to their -
applicable laws and regulations, shall make available,.

-or as necessary, seek the authorization and appropriation
of. funds required to provide promptly to the commission
the resources needed to discharge its reference obligat-
ions within the specified time. period. The- Comm1551on
~shall develop, as soon as practicable, study cost project-
ipris for the 1nformation of'Governments_ ‘ :

‘The Commission, : subject to the avallablllty of
adeguate appropriations, should proceed with the studies
as expeditiously as practicable and present its final :
report to Governments no later than May 1, 1989. The Govern-.
~ments also requést that an interim report, . focussing on
measures to alleviate the present crisis, be submitted
no later than one year from the date the Comm1551on s
study board actlvely begins 1ts work.

An idential letter 1s being forwarded to the
. United States Sectlon of the Comm15510n by the Department
of State.' : : ,

Yours sincerely, .
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United = ates Department of State

Washington. D.C. ~ 20520

August 1, 1986

Mr. David LaRoche

Secretary, U.S. Section
International Joint Comm1551on
2001 s. St., N.W. '
'Washrngton D,C..

20440,

Dear Mr. La A

I have the honor to 1nform you that the Governments of the
United States of America- and of Canada, pursuant to Article IX
‘of the Boundary Waters: Treaty of 1909, have agreed to request
the Comm1551on to examine and report upon methods of
_allev1at1nq the adverse consequences of fluctuatlng water

- levels in the Great Lakes-St. Lawrence River Basin., 1In dolng
so, the Governments acknowledge previous Commission reports on
regulation of Great Lakes levels, which have encouraged
appropriate jurisdictions to 1nst1tute 1mproved shoreline
management practlces.- ~ :

_ The Governments ‘note that the previous reports were based
upon recorded water supplles which have subsequently .been'
exceeded, that economic conditions have changed, and that
1mproved analytlcal techniques may now be available. : The

~Governments conclude, therefore, that further 1nvestlgatlon is
now required to revise previousg reports and develop appropriate
methods to alleviate the adverse consequences of fluctuatlno
water levels. ‘

Accordlngly, the'Commission, huilding upontprevious
studies;'should- : ‘ , - - ~ .

N propose and evaluate any measures which GOVernnents
2 could take, under crisis conditions, to alleviate
problems created by high and low lake levels: '

2. review.its previous lake regulatlon studies and rev1se
their engineering, economic and enV1ronmental
'evaluatlons- S

3. examine past, present and potent1a1 future changes in
‘land use and management practices along the shorelines
of the Great Lakes, their connecting channels and the. .
St. Lawrence R1ver- : - ‘ '

4. __determlne,.to the maximum extent practlcable, the
: socio-economic costs’ and benefits of alternative land
use and shoreline management practices and compare

these with the revised costs and benefits of lake:

. regulatlon schemes- ,
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5. investigate any feasible methods of improving the
outflow capacity of connecting channels and the St.
- Lawrence River; '

6, develop an information program which could be carried
‘out by responsible government agencies to better
inform the public on lake level fluctuations:and, .

N consider any other matters that the*CommiSSioh deems
relevant to the purpose of this study. '

. The Commission is :equested to examine the effects both
within and outside the basin of the measures it considers on: |

1)y  domestic water supply and sanitation:f
2) navigation:
3) water supply for power generation, industrial and

commercial purposes;
4) agriculture:
5)  shore property, both public and,pfivate:

6)  flood control:;

7) fish, wildlife and other environmental aspécts:
8y recteation and tourism; and,
9) ' such other'effects and implications which the -

Commission may deem appropriate and relevant.

, Wherever appropriate, the Commission is encouraged to use
improved analytical techniques which would best represent the
changing conditions and socio-economic values -in the Great

- Lakes region. In order to assess the viability of lake level
regulation, the Commission should take into account changes in
land use practices induced by actions which previously have
affected water levels in the Great Lakes basin. '

In the event that the Commission‘'s investigations show that
new or altered works or othér regulatoty measures appear to be
economically and environmentally practicable, it shall
determine the full costs and benefits of such works or measures
and indicate how thé various interests on either side of the
boundary would be affected thereby. In addition, the
Commission shall determine the need for and costs of remedial
or compensatory works or measures to offset costs to the
interests which may be adversely affected by any proposed
regulatory measures. : ' ]
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- In conducting its investigations and in preparing its

‘report, the Commission shall use data which is available now or

which 'is developed during the course of its study. 1In
addition, the Commission shall seek the assistance, as
required, of specially qualified personnel in the Unlted States
and Canada. The Governments, subject to their appllcable laws
and regulatiohs, shall make available, -0or, '‘as necessary, seek
the authorization and appropriation of funds required to
provide promptly to the Commission the resources needed to

‘dlscharge its reference obligations within the specified time

period. The Commission shall develop, as soon as practicable,
study cost progectlons for the information of Governments,

The Comm1551on, subject to. the avallablllty of adequate'
appropriations, should proceed with the studies as
expeditiously as practicable and present its final report to
Governments no later than May 1, 1989, The Governments also
request that an interim report focussing on measures to

_ allev1ate ‘the present crisis, be submitted no later than one

year from the date the Commission's study board actlvely begins

‘its work

An idehtical letter is beihg'forwarded to the Canadian =
Section of the Commission by the Department of External Affairs.

Sincerely,

James M. Médas
Deputy Assistant Secretary
_ - for Canada
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WEWS RELEASE conmumloue
INTERNATIONAL JoINT Coumrssrou z,p o COHMISS[ON MIXTE INTERNAT[ONALE

1

‘OTTAWA OFFICE Tsttpuoua,y-' (Glaif'995‘2984 o o
WASdINGTON OFFICE TELEPHONE (202) ° 673-6222 = - 'FOR. IMMEDI‘T’ RELEAS"
. - . POUR gUBLICATION IMMEDI:

September 10, l 86
H'CommissionfdiscuSSes hewAbakeabevels'Reference5

R The International Joint Commission, at executive‘

'.sess1ons in Washington, D. C., reviewed in- detail the' recent
Reference from the. Governments of the United States and. Canada_"
requesting in part that "the CommiSSion examine and report uponlk*
methods of allev1ating the adverse consequences of fluctuating
awater levels in the Great Lakes f St. Lawrence River BaSin,

'getc.’_
] The CommisSion apprec1ates and welcomes the fact that -‘
-this far- reaching Reference will involve new initiatives and
: x-that its nature and terms authorize the Comm1351on to undertakef
1‘¥new approaches far beyond those authorized in previous
iReferences.r To carry out this task, it is de51rable to have
‘Jdthe assistance of. individuals whose depth of experience and
ey varied expertise gives: them the' breadth of perspective
_”‘necessary to. address this task Accordingly. the’ Commission is
z(:embarking immediately upon a series of discussions with such ‘
. persons to obtain their" assxstance in the formulation of work
'plans and: directives and in the select*on of those who might be.
"given appropriate responsibilities on ‘various expert working '
n-groups to be constituted for the three—year. maJcr in depth
fstudy requested in the Reference. : :




Thercommission_also took notice of the two national
Governmehts’ additional .request for a one-year limited 1nter1m
re2;££ focusing on fe- exémining any in place avallable means
that mlght presently be utlllzed to help alleviate the '
1mmed1ate h1gh levels CrlSlS.- Certain members of the’
Commission staff were de51gnated to ‘serve as part of a spec1al
‘ task force to commence immediate con51derat10n regardlng the
limited 1nter1m report. It is the present 1ntent10n of the
Comm1581on to respond to- the llmlted interim- request in. advancef-

of the one year suggested ‘in _.the Governments' Reference.

The Commission notes that Lakes Mlchlgan, Huron, St. Clalr
and Erle exceeded thelr all-time record August levels. that
-‘Lake Super1or was. just. below 1ts record August level and that
only Lake Ontar10 was w1th1n 1ts normal August range of

fluctuatlons.
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DIRECTIVI:. CONCERNING THE REFI:.RENCE ON FLUCTUATING
WATER LEVELS IN THE GR:.AT LAKES ST, LAWKI:.NCE RIVER BA.':IN

 April 10, 1987




1. INTRODUCTION

_ Oon August 1, 1986 the Governments of the . Unlted States
and Canada forwarded the attached Reference to the :
. International Joint Commission (the Commission) pursuant. to
Artlcle IX of the Boundary Waters Treaty of 1909.

The Reference requests the Commission to examine and
report upon methods of alleviating the adverse -consequences of
fluctuatrng water levels in the Great Lakes-St. Lawrence River
Basin by addressing the immediate high water level crisis,
while at the same time developing a solid foundation for _
identifying and evaluatlng 1ntermealate and long term potentlal‘

measures ..

. The Reference also requests the Comm1551on ‘to examlne
the effects and implications, both within and outside the -
Basin;, of the measures it considers on such.vital matters as.
‘domestic water supply and sanitatjiocn, navigation, agriculture,-
- shore property, flood control,'wlldllfe and others as listed in

the Reference.

Tne Reference. prov1des that in the event that the
Comm15510n 's investigations snow that new or altered works or
other regulatory measures appear to be ecohomically and .
env1ronmentally practlcaole, the Commission shall determlne the
full costs and. benefits of. guch works or measures and indicate
how the various interests on either side. of the boundary would
.be affected thereby.- In addition, the Commission shall :
determine the neeg tor and costs of remeuial or compensatory
works or measures to offset costs to ‘the interests which may be
adversely affected by any proposed regulatory measures.

To date, the commission has proceeded with 1ts o
‘Reference responsrbllltles on three tracks. Flrst, based on
currently available information, the Commission submitted an
initial report to Governments, by letters ‘dated November 14,

- and December 10, 1986 (Copies attached).

Second the Comm1551on formed a Task Force to
undertake ‘a technlcal evaluation of measures which could be
implemented w1th1n approxrmately one year to -reduce high water

levels.

. Thlrd ‘the Commission has sought broad expert adv1ce
for developzng the longer term 1mpllcat10ns of. the Reference.



2. APPROACH'

the Reference,

Recogniziﬁg the'éomplexity and uﬁprecedented Scope of
the Commission regards the. following elements. as

essential for successful implementation of this study.,

o

‘The study will require broad partlclpatlon and a

multldlSClpl;nary‘approach.‘ Measures necessary to
deal with the adverse consegquences of fluctuating

. water levels are unlikely to be purely technical.
" Further, tt is 1mprobable that a single solution will

emerge, rather a mix of measures over tlme wxll be the
most likely course. : :

The study w1ll requ1re substantlal 1nternat10nal and

interagéncy participation, the recruitment of the.

. finest expertise available from governmental and

non- governmental sectors 1n both nations, and a

:conmltment to ‘provide the resources hecessary to
produce a useful ‘and enduring proauet. Because the

effort needs to be an-on-going,'evolving process,; the
Commission believes flexibility, creativity, and
innovation are critical. o B

Because .of the many interdependent aspects of the

"Reference an- integrated systems approcach 1is-
essential., This will be accomplishea by carerully

co- ordlnatlng the various aspects of the study,

°;prov1d1ng for a cross system impact evaluation

- 3. SCUPE

range of

capability, as well as by having a. stronger
1ntegrat1ng role for the Commlsblon and its scaff.

.The Study'will develop,_fOL'review by Governments, a
potential measures with clear evaluation of their

impacts and implications. It ought to 1nvolve the follow1ng

steps:

o

Review and analyse the physical, economlc and
env1ronmental $1tuat10n.

Based on the above review and analy51s 1dent1fy
critical 1ssues related to. fluctuatlng water levels.

Develop a full range of potential measures and

'evaluate their 1mpacts -and 1mpllcat10n.

'nghllght major issues for future consideration

including advice on subsequent actions. '



. 4. ORGANIZATION AND MANAGEMENT .

‘The complex nature of the'Reference'requires that

gplntegratlng Reference 1ssues and. activities be given the
_highest priority and that the Commission’ w1ll be actlvely and
lcon51stently lnvolved throughout. . o

R

Effect1Ve ;ntegratlon of ‘the study 'S elements will be

-enhanced through.

KT-1

-The. conceptual structure of the study as it relates to

definition of subject matter,‘work groups, and thelir.

\1nteract10n.j

The use o[ the approprlate technology in support of

: Qross- system 51mulatlons and 1mpact evaluatlons.

J-The management of the utudy_as related to.l

- Policy level
- . Project: Management Team level
- WOrklng Functlonal Group level

From' the vxewp01nt of management four- dlStlnCt\

‘Funttlons,'emboolea 1n four dlrferent groups are env151oned._,

',Governanre leuel con51st1ng of the six Comm1551oners~
~wlll be: reeponelole ‘ror- overall policy- leaoersnlp,

ratlfylng dec151ons and recommendations, and for. -
reportlng to and adv151ng Governments., ‘ S

L'Steerlno Commlttee level. con515t1ng of two lead
~Commissioners. and the two co-chairs of the’ Project

Mdnagement Team. The Steering Committee will be stafrea

by two Commission lead statf and will provide overall :

direction to the study on behalf - of the Commlselon., It

"will rev1ew progress contlnuously and make

recommendations to the Commlselon on the varlous study

.related 1ssues as’ they arlse.

- PrOJect hanagement Team level . consisting of: an -

executive and. the chairmen of all’ functional stidy

groups.. ‘The Project Management Team w1ll be respon51blet.f rf

for ‘on-going project management and tne conceptual,-‘
techn1cal and administrative’ 1ntegrat10n of the study’

and its various act1v1t1es, incluging final a851gnment'
~and coordlnatlon of respon51b111ty for speC1f1c study
-areas. - - - ‘ , :

The executlve,'at the core of the Progect Management .
Team, will consist of the two project Co-chaitmen, the1r¢

deputies, and two Commission lead staff as well as the "= . .
Chairman of the Cross-System ‘Impact Evaluat;on Group who;,.

will be appointed by the Commission on the

: recommendatlon of the lead Comm1551oners.'



- Functional Study Group Level: ‘consisting of their
Chair (s) and members, including Commission statf,
‘respon81b1e for the execlution of all’ specitfic study
assignments, and- for ensuring that 1nterdlsc1p11nary
-analysis and a transd1801p11nary perspectzve w1ll be

malntalned.‘.

- These levels of organlzatlon and management are-

-"summarlzed in Table 1.1 L

uIn-addltlon, Pro;ect Adv1sory Groups wlll be formed to=l'

provide advice, when necessary, to the Steering Committee,
and/or the Commissioners, on spec1f1c questlons that arise.
?durlng the course ot the- study. N :

The overall organlzatlonal structire envlsaged for . thls-‘

"‘prOJect, and the relationship of the Project Management Team to
_uthe five maln areas of the study are deplcted in Flgures 1 '
gand 2 which follow. ‘ ‘ E

5. s'ruoy GROUPS

Because of the complex1ty ot the 1ssues to be adaressed

'-durlng the study, ‘the bulk of the work will be assigned . to -

functional - study -groups -each with a resoonslblllt) to play a’

lead role W1th respect to a ygroup ot relatea tasks. The ‘work.

activities ofeach group, in turn, will frequently regquire

“1ntegratlon and close collaboration with work activities of the

other groups. . Considerable thought to orchéstrating’and
1ntegrat1ng work activities as.tney unfolu will be requ1reo..

While this will be a pr ime respon51blllty of the Project .

Management. Team, ‘it should permeate’ the conceptual orlentatlon

" of all the part1c1pants 1n the studyra

t In adare551ng potentlal neasures tor allev1at1ng the

'"adverse effects-of water level fluctuatlons the functional
:study groups w111 identify. and provxde auvice on crisis

intervention, intermediate measures and -long- term -

'°con31derat10ns. bulldlng .on, as- approprlate,-the work of the
‘exlstlng Comm1551on s Task Force.‘ ‘ . .

Flve study groups are enV151oned as follows.

r°ijdrau11c, Hydrology and Cllmate Group
PJCoastal Zone Ecology, R950urces, Uses .and Management
o - Group’
- °LSoc10-Econom1c and Envrronmental Impact Assessment
 .Group
© Public Partlcipatzon and Communlcatlons Group :
°7Cross System Impact Evaluatlon Group -
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‘direction

|*Review of PoliCy/IsSues'

Committee”

'Staffxng

FUNCPION ~ GROUP(5)  MEMBERSHIP
*Pollcy leadershlp
*Ratzfy dec151ons'
*Report to. and adv1se'"" S R : o x
L Governments .Commission 6 Commissioners =
*Ex off1c1o status for
- all Refergnce -related
- groups
'*Revieﬁ;prégréés ‘2 Lead Commissioners :
|*Recommendations to 2 Co-Chairs of _
-Commission . ‘ Pro;ect‘Managementx
) o : : o Team : a
" |*Overall project Steering

.2 Cémmission
lead staft

*On901ng progect munage-
ment

*Conceptual, technical
and admlnlstratlve
support

*Integration and final
assignment of func-
tional study group work

Rrojéqt_
-Management
Team

'2.Co-Chairs of

Project Management
- Team
2 COmmlésionlieéd
staff

Chairmen of func-

tional groups.

*Executlon of spe01flc
a551gnments_ _

*Planning and- Integratlon
of sub-group work

PrOJect

functional groups

andVqu“groups S

Multiple teams

| of best available

personnel and Commlsélon?

'staff llaxsons

TABLE 1 - Levels of Organization and Management




- GOVERNANCE

¢ Chair(s) of the functional. study groups

" B e » COM'MISSION * G 'COmmi_ss'ioners
PROJECT D / — \ . OVERALL DIRECTION
.A_DVISORY, ' S - o e 2 Lead Commissioners
- GROUP(S) - . \ o e 2 Co-Chairmen ‘
_ _ Staffing: 2 Commission
A N . - \ Lead. Staff -

, o |

| / PROJECT

' - STEERING

COMMITTEE

_ FUNCTIONAL
— —® { STUDY GROUPS

- : — \ - AND
- ' SUB-GROUPS

PROJECT
MANAGEMENT
TEAM

DAY-TO-DAY INTEGRATION ~ EXECUTION OF STUDIES AND TASKS

.2 Co-C'hairmen“ and Deputies ' e Chair(s) of the functional study groups
¢ ‘2 Commission Lead Staff ¢ Leaders of sub-groups

¢ Sub-Group members

FIGURE 1 - .Orqa'nizat‘ic")n.Structure



Project Executive

~ Co-Chairmen, Deputies,
Group 5 Chairmen and
“Commission Lead Staff

' FunctiohaI-Study:
. Group No. 1

Func_tiona_l“ Study - B
- Group No. 2

Functional Study
Group No 5

" Project Management —~
Team -~ °

" Chairmen

Functsonal Study
Group No. 3

Functional ‘Study
- Group ‘No. 4.

FIGURE 2 - Functiohal Study ‘Groups_and the

Project Mangggment Tgam _




“The. general tnemes for each of these groups are - summarlzed as'
’follows. :

'Group'l~- HydrauliCs,”Hydrology and'Climate-

This ‘group is. env151oned as hav1ng the lead ,
responsibility for developing the water level component of the

,study. The group would:

° hxamlne prev1ous lake regulatlon studies and prOV1de
an updated assessment -of .past, present and potential -
future changes in Great Lakes Levels and the factors
affectlng these levels. ' : :

° Propose regulatory measures and determine the cost of
‘design, constructlon ana operation. of such measures.

° Propose and determlne the costs of ways to ofrset
adverse effects of potentlal regulatory measures: on
the various interests. 1nvolved. :

_°'Develop, in collaboratlon with the Lross bystem lmpact
‘Evaluation Group (Group 5), an. analytlcal framework '
for assessing andg. communlcatlng ‘the hydraulic,
“hydroldgic and cllmate aspects of the- Great Lakes
System. -

Group 2-f*Coastal Zone Ecology}‘Resources,‘Uses and'Managementg

This group 1is env1sloned as. naving the lead
respon51b111ty for. asse551ng the impacts of fluctuatlng water
levels on the coastal zone.. ‘because 0of tne magnitude of eftort
involved, this group may ‘wish to address’ the aquatic and
terrestrial aspects of the coastal zone separately. The group

‘would

° Rev1ew prev1ous laKe regulatlon studles and provzde an

'~ updated assessment of past, present -and potentlal '
. future changes in the ecology, resources, uses and
management of the coastal zone and detecrmine the
effects of fluctuatlng water levels on these aspects o
of the coastal Zone. : oL .

.°‘Determ1ne the extent to whlch proposed regulatory -
measures would alleviate the. adverse consequences of‘
' fluctuatlng water - levels. : ‘

® Assess, determlne the cost- of and propose ways in
‘which alternative use and management. practices would.
.affect the adverse consequences of tluctuating water

levels.



e Develop schemes for allev1at1ng potentlally adverse
effects of such use and management practices- related
measures, evaluate thezr associated cost and comment
on requ1rements for successful implementation.

° Develop, in collaboratlon ‘with the Croes bystem Impact
Evaluation Group (Group.5), an analytical framework'
for assessing and communicating the relatlonahlp
between fluctuating water levels and ‘the ecoloqy,,
resources, uises and management of tne coastal zone.

"Group '3 - Soc1o Economlc and Env1r0nmental Asbessment .

_ ThlS work group is envisioned as nev1ng lead
reeponsxblllty for the analysis and assessment of. -
socio-economic and. environmental impacts including 51gn111Cant

* impacts on interests outside the coastal zone. and out51de the
reglon. This group would : o

® Review prev1ous lake regulatlon stud*es and prov1oe a
comprehensive analysis of socic-economic-and ’ _
environmental impacts of fluctuatlng water level S in. .
‘the Great Laxes bt. Lawrence. kiver chln.' ‘

‘°~Assess soc1o-econom1c dnd env1ronmental 1deCtS of
_proposed regulatory measures, and alternative use anq
management practlces, on aftected 1nterests.

P‘Develop approprlate schemes for allevxatlng adverse
.- Bocio- economic and env1ronmental 1m9acts of proposed
measureS'and identity 90551ole comuensatory dCelOﬂQ

'and evaluate thelr potentlal costs. o

e Develop, in collaboration Wlth tne Cross-sy ‘Stem
. Evaluation Group (Group 5), an analytical framowork

for asse551ng, and eommunlcatlng information on
socio-economic and envlronmental impacts on affecteo

; :mterests.

GrOup'4'- Publlc Partlclpatlon and. Commun1Cat10ns

ThlS group is- a551gned the lead respon51b111ty for
develop1ng the public participation and communications
program. It will be 1ntegrated with the ex1st1ng Public
Information Commlttee of the Commlsszon. -This group would:

e Develop an 1nformat10n program which could- be carrled
out by. respon51ble government agenC1es.

e Develop- strategles for 1nvolv1ng the publlc 1n the
-various studies. :




¥hl0'-'

‘Group 5 - Cross System Impact Evaluatlon

O Thls group will have the respon51b111ty for ‘
o 1dent1fy1ng ‘and-. addre551ng meta cross- -System i1ssues and
-:'deVeloplng an 1nteract1ve modelllng capability for evaluatlng
_system-wide’ 1mpact Its key tasks will consist of the'
- following: . o : S S

5=7In close collaboratlon w1th other groups, . develop the
. logical framework for ldentlfylng and. addre551ng Cross
system 1ssues. '

?'_Develop an. lnteractlve "what 1f" modelllng capabll1ty

" for evaluatlng system-wide impacts under various
scenarios .given different assumptions concerning
pertinent underlylng condltlons and. potentlal remedlal '

measures.i

° Ltlllze the system modelllng effort in order to assist

in the development of tiie direction, 1ntensity and level = -

of resolution ot the relevant studles conducted in the
other . functlonal areas., . .

° Prov1de spec1al support to the Project Management Team
" in the overall conceptual- direc¢tion of tne study.,. the
~_1ntegratlon of its various elements, the;r synthesis and.

. design.

6. DInEC;IONS FOR IMMFDIATE ACQIONS

: . The Comm1s510n nereoy a9901nts Ms. Ellzaoeth
Dowdeswell (Environment Canada} and Brigadier General Joseph
.Pratt (U.S. Army Corps of Engineers) .as members of the Steering
Committee and Co-Chairmen of the Project Management Team-and
‘1nstructs the Steerlng Commlttee ‘to - proceed with the rollow1ng

°® - Appoint deputles for the Co chalrmen and 1nst1tute the'
Progect Executxve. : ‘

° Name Chalrmen for each of the five" functlonal groups
who will oversee each of these areas and be members of
the Pro;ect Management Team. :

° _Instruct the PrOJect Management Team to develop a Plan
" of Study including: -membership in functional groups,
- -tasks to. be undertaken, schedules and estlmates of

"COSts.

e Submlt a. Plan of Study for review: and approval by the. .
- Commission so that study act1v1t1es can begln no later
than September 1987."' o ‘






Appendix4d:

.. . Glossary:



".'Gloeeqw Of "I:ér‘ms .

‘Adverse Consequences. Negatrve |mplrcat|on .

of fluctuating water tevels for social, economic,
. envrronmental or polrtrcal mvestments '

l : Agreements; Joi'nt‘st_atements among two o
* .more-governmental units on (i} goals and-

' purposes which should gunde basin-decision-" '

maklng (ii)- processes. ofdecrsron maktng and
) {iit} authorities of governments to act Agree-
. mients are an attempt to remedy a stiared prob

i _lem, and they-serve to defrne the boundarres

: 'and constrarnts on chorce of measures.

' -Alternatwe Dlspute Resolutlon (ADR) A

process.aiméd at reachrng aconsensus agree- .
‘ment in order toend a drspute or reduce conflict -

r-among interest'groups that have- some stake in

and can mfiuence the outcome of decnsrons or -« -

actions related to the water level | 1ssue The
distrngurshrng charactéristics of ADR are that”

_ oping and assessing altérnatives and making
- tradeoffs between alternatrves and 2} issues
arg- decnded on their merrts rather than on the

linterests accessto the. decision- makrng process o

- Palicy dialogues and negotlatlon are types of
ADR processes :

‘ .Aquifer Any subsurfa'ce material that holds &
T relatlvely large quantity. ofgroundwater and is
‘able'to transmrt that water readrly

' Authonty The rrght to enforce laws and regu- '
lations orto create pollcy :

. Average Water Level see Monthly Mean Level

. Basm (Great Lakes _St. Lawrence Rlverl The
: urface area contrlbutrng runoff to-all of the "

" Great Lakes and the St. Lawrence River. down- '
_stream to Trois Rlvaeres Quebec

Basi‘n: The roun,ded;de,pression of alake bed.

- Bathymetry The measurement of depths of
_water in oceans, seas ‘and lakes; also informa-
© - tion derived from.suchmeasurements.

"~ Beach: The zone of unconsolidated material
_ that extends landward from the average annual
low water level 16 either the place where there.
is marked change in material or physiographic .
_ form, the line of permanent vegetation, or the
~ high water mark. . ‘

' Beneficial Consequence:r!sositiye_ implication
of fluctuating water levels for social, econamic,
,--."envrronmental or political |nvestments
'Bluff A steep bank or cliff of varrable helghts

: composed of- glacial tills and lacustrine deposits - |
_‘consustrng of clay, sdt gravel and boulders

_'Breakwater An offshore barrrer to break the

force of waves, which. affords shelterte -

" shiore structures,

Cli'mate The sum totalof meteotologioal :

7‘ _ phenomena over a period of ime which com-
- bine to characterize the average and extreme
“condition 6f the atmosphere at any plaee on the

earth’s surface

B Coastal Zone Data Base Information of the .

. vanous attrrbutes of the key components ofthe . S
" “Gréat Lakes ecosystem gathered and stored in
.- the G!S i
1) mterest groups are actlvely included in devel- o : : : -
- Connectlng Channels A natural or artrfrcral

. waterway of perceptnble extent whroh either .-
- perrodlcally or contmuously contarns moving ;
- water, of which formig’ a connectrng link between.' :
- " twio bodies of water. The Detrojt River, Lake St
“ Clairand the St. Clair River comprise the con-

: neetmg channel betweerrLake Huron and Lake

Ene Between Lake Superuor and Lake Huron

the connectlng_channel |s_the St. Marys Rrver, a

: Consumptwe Use. The quantrty of water with- -
" - drawn or withhetd from the Great Lakes and .
. assumed 1o be lost or otherwise not returned to,
’ ~~them, due-to evaporation during use. Ieakage .
incorporation into manufactured products or'oth-

' erwrse consumed i |n various. processes

Control Works. Hydrauhc structures (channel ‘

|mprovements locks, powerhouses or dams)
built to control outflows and Ievels ofa Iake or:,

“lake system

. Crltena. A pnncrple or standard by whrch a
) Judgement or decision is: made Criteria-are con-~
: 'ceptual but must have operatronal (measurable -

inprinciple) components Any single criterion .
can he used to'compare the merit of measurés
or. polrcaes along the dimensions encompassed

' by the criterion. Criteria are used to assess mea-

sures and crrterra are used.to assess the deci--

. “sion makrng process (for example group access
"to the decision makrng bodres)



Criteria, Core: The.broad principles upon which

the overall value of any measure can be'asses:’. -

sed relative to other measures. They includge
‘economic sustainability, environmental inte-

‘grity, social desirability, uncertainty and risk, -
‘pohtical acceptabrlltv and lmplementabllltv
 and-equitability.

. Criteria, Operatlonal These criteria-are sub_

sets of'the core criteria. These sub- critenia are -
quantified on the basis of the application .

-+ . of specific group rules to data or estimates of

impacts of the measure: Impact assessmants |

“used to score sub-critena are ultimately-used 1o,
. compare the profiles of measures.

" Current: ‘Theflowing of Wate'rin‘therla‘k.es

caused by the earth’s rotatlon |nflow and out- - .

~ flows, and wind.

Désign Range: The range of factors (inclu.ding

‘expected water levels)ttaken' into consideration
- when making an investment decision.

_Diversions: A transfer of water eithe_r:into the
Great Lakes watershed from arv adjacenlwater- - '

shed or vrce versa, or from the watershed of -

“one of the Great Lakes into that of another

Dike: A wall or earth mound bunlt around a Iow
lying area to prevent floodmg

Dralnage Basm The area that contrtbutes run-

off to-a stream, rlver or Iake

: Ecology The science WhICh relates living forms _
" to their environment.

Ecosystem: A subdivision of the Biosphere with -

‘boundaries arbitrarily defined according to par- - '
ticular purposes. An ecosystem is a dynamic o
- totality comprised of interacting living and

non-living companents. The Great Lakes-St.
Lawrence River Basin Ecosystem is an exam'ple

_ which encompasses the interacting components

of sunlight, air, water, soil, plants, and animals

(including humans), within the Basin'

- Ecosystem Integrity: “Ecosystem integrity”".

refers:-to a state of health or wholesomeness
of an ecosystem. It encompasses mtegrated

" balanced and self-organizing intéractions among
its componenits, with no single component

or group of components breaking the bounds
of interdependency fo srngularly dominate
the whole.

Environment: Air, land or water,; plan_t-and ani--

-mat life including hurans; and the social, eco-
-mornic, cultural, physical, biological and other -

conditions that may act an an organism or com-

runity o influence its developmentor‘.existent:e. T

: Enwronmental Integrlty The sustenance of
o '|mportant blophy3|cal processes whtch support ’

plant and-animal life and which must be-allowed
to continue without significant change The
objective is 10 assure the continued-health of
essential life support systems of nature, lnclud—
mg air, watér, and soil,'by protecting the resrl
ience, diversity, and purity of natural communities
(ecosystems) within the envrronment.

Eqmtablllty The assessment of the falrness of

~ ameasure In s dlstrtbutton 'of favorable orunfa-

vorable impacts across the economrc envrron-
mental. social, and pdlitical interests that
are affected

‘Erosion: The waating away of the shoreline and

lake or river bed by thé action of waves and

- “currents, and other natural processes.

Eutrophic: Waters high in‘nutrient content and
productivity arising either naturally or from agri-

* cultural, municipal or indUstrial sources; often
) accompanled by undesrrable changes in aquatlc

specres Composmon

Evaluat:on The appllcatlon of data analytlcal
procedures and assessment related to criteria .
to @stablishva judgment on the relative merit

of ameasure, policy or institution *Evaluation

" 15 & process which can-be conducted both

within formal studies and by separate interests,

~ although different data’ procedures and criteria

may bé emploved in the evaluatlon by différent .

interests.

Evaluation Framework: A systematic ac- "
counting of the'criteria considered and methed-

ologies applied in determining the impact of

méasures on lake levels, stakeholders, and-stake-
haolder interests.

Evapotranspnratu)n Evaporatlon from water

.bodles and soil and transprratlon from plant

surface

" Feed Back Loop Feed back Ioops are crrcular

cause and effect relationships domlnatlng some

‘|nteractlon of partlcular sets of system S key ' 7
' vanables Feed back Ioops belong generally to

97



- one of t‘wo types negatrve feed baok Ioops ]
~which act1o maintain the, value ota partrcutar :

“variablé around a given tevetr_a_nd ‘positive feed

_ back loops’ which:act to cause theé valug ofa
' particutar variable to increase ordecreasein

a self-amplifying manner. and, usuaHy ata -
._;geornetrrc rate :

N 'Floodtng The rnundatron of low Iyrrtg areas.
by water

: FIUctua’tioh. A'period of rise and succeeding
period of declrne of waterlevél. Fluctuations

i occurseasonattv with hrgherlevels in late sprrng'

1o mid-summer and Iower lavels in winter Fluc-
tuations Qecur dver the years dueto precipita-

~ tionand climatic. variability. As well, ﬂuctuatrons .

. .canoctur on a short -term basrs due to the of
- effects perrodrc events such as storms surges
rce Jams etc :

".Geographtcal Infurmatton System tGIS) A
‘comouter bas_ed tool” whrc_h _captures_drs_pta\/s

~ and'manipulates geographically referenced data.

- Geomorphology: The field of earth science | - :

‘ '__Implementlng Authonty Any governmental .
B agency at anylevel having approprrate authorrtv' B '
" 10 authorize and execute. the rmplementatron
'of any parttcular actron and the ]Ut’ISdICIIDI“I to

- that studies the originand distribution oftand-

forms, with specral emphasis on the nature of -

) erosronat DI’OCESSES

' GOvernance S"y'stéht The COmp ex; dynamic

‘mosaic of governmental and non- governmenta!- .

entttles having some authorrty to manage. 7
orthe abrlrty to: rnfluence the management of 3
‘ Basrn resources.. :

Greenhouse Effect" Thie warmtng of the earth’s

atmosphere and associated meteorological ef-
. fects-due to increased carbon dioxide and othef

: trace gases.in the atmosphere This.is expected E
B i) have |rnp||c:at|ons forlong- term cltmate change B

. Groundwater. Subsurface water occupyrng the ‘
“zone of satlration: Ina strict-sensé, the’ term is 7

' appt ed Ohly to- water below the water table

_Group Depth Interwews{GDIs) Atool bor- -

rowed-frori marketing to gather perceptual data
from.a small group of representatives of local

interests and governments on the following: thef

" problems caused by different lake levels: the -

opportunities presented by different Measures ‘

-~ the factors-involved in decision makrng about

k 'adoptrng Measures; and the consequences of v

I\/Ieasures It should- be noted the GDI's refiect .
accurately the pe_rceptrons, of the- attendees but
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" do.not necessartly reflect the oerceptrons of alI :

_rndrvrduals wrthrh an |nterest

- Gullies: De_e_p‘ Vrshap.ed trenches carved by
‘newly formed streams, or.groundwater action,
“in raprd headward/forwarg growth during ad-

‘:__vanced stages of accelerated sort erosion.

.Haza'rd Lan'd An areaof tand'th‘at is suscepti-ﬁ -
bIetoftoodrng erosicn, orwave mpact. ’

: Hydraullcs. That tranch of engrneerrng science . o
. dealrng prrmarlly with the tlow of water or other

Irqu ds

’ Hydrology The app[ted scrence concemed wrth ,
: ,the water of the sarth in aII its states o

Ice Jam An accumulatron of river ice, In any -
form whrch obstructs the normal Tiver flow

Impiementabtltty The abrtatv to. put intd effectf--

a measure consrderlng 1actors of engrneerrng

-egongmic, envrronmental socrat polrtrcaland
-rnstrtutronal teasrbrtrty

enforce an actron

‘ Inftltratton Movement of water through the
'sonsurfaceand rntothe sorl N

' .."Instltutlon' An organrzatton of governmental

units which have the authority and abitity to

-tacrlrtate and/or make decisions aftectrng the.
: water tevels issue. '

- lnterestS‘ Ay rdentrfable group. rncludrng spe- -
\_craltzed missien agencies of governments WhICh
(1} perceive ‘that their constrtuents Jrem bers’ ~ -
welfare isinfliencéd by lake level fluctuatron or

policies and measures to address lake level

“fluctuation, and which(2) are W|II|ng angd able to’
“gnterthe decision making process to protect
© the welfare of their const_rtuents/members.,

Interest, Agriculture: This interest benefits

. from the services of shore Jocation (fertrllty and
‘ cltmate) water supply and mdrrectly from.the-
“fransport ofgrains, Thisinterest class.incluges
 all types of farming-and production-agriculture..




Interest, Commerclal 'Fishing:.This: nterest
uses the Great i_akes ha bitat and shore atcess
seryices o earn income and sustain a ||festyle

| “from sate offrsh and frsh products

Interest, Commercral/lndustnal Acommer e
“cial and industrial interest includes firis whose
‘dctivities are tied intd having a fixed paint loca- -
“tion along the shoreline and whose net: incoma

position is potentrally affected by ﬂuctuat;ng

lake levels.. The interestis made up ofa number :
oof diverse busrnesses thatare often representedr
by specialized trade associations-arid. because

- - of diversity of activities and geographrc disper-

. sigh may hot be unrformtv affected by lake. Ievel
fluctuations.

. Interest, Electric Power: Powertntere'sts are

" .shore access service and water. supply for hydro "

composed ofatl forms of electrical generatron

that depend on waler as an rntegral part of .

power production process. The rnterest uses
the Great takes and the St. Lawrence River for .

powWer, coolrng water-and steam powerand

" therefore includes hydro power,. nuctear power

and fossil fuel-fired electrrc power.

L Int'erest EnvirOnmént This class of tntere:st

: lnterest, Govern‘ment: This.int_ere'st inclu'des_ Co

réceives a'serviGe form the knowlgdge that par— g
ticular Great Lake ecosystems axist The class is
Tepresented primarily by naturalist and conser
.vation groups. as well as government agencres -‘
withd mandate for preservrng the. envrronment B

alltéve!s of government, local, regionaf, state/

~ provincial and- federal' with some- vested interest
inthe Great. Lakesf St Lawrence River. Water i

Ievels |ssue

" Interest, Nat_i\ré Péoples: This interest in-
‘cludes Native populations whose-reservations

are located on the shorés of the Great Lakes —5t.

‘Lawrence Rrver The benefrts derived from shore-

line location of Natives' rnclude subsistence, res-

L idential I_ocatron,aesthetrcs,and cultural heritage.

Interest, Recreational: Non-riparian recreation

interests inciude individuals, some of whorh are -

- represented by specralrzed assocratrons whrch
- are located both inside and outside the. Great

Lakes Basin. This interest does notinclude those-

who own shorefine property. This interest seeks
accesstothe lakeshore and to some extent

"dep.ends‘ upon theha'bitat,-ser_\rrces'of the lakes ‘
_for serving its interests: Recreation interests -

‘ ‘benefrtfrom anglrng huntrng non- consumptrve

recreatron boatrng srrvrrnmrng and camprng _

'Interest Hesrdentlat Shorellne Property
‘Owner: This iriterest group, alse referred 1o as.
riparians, is comprrsed -of many- |nd|vrdua|s
who have seasonalor permanent shoreline resi- o

dences along the Great Lakes-— St Lawrence

River. A numper of npanans are represented by

Various coalrtrons and associations with a wide
range of organrzatronai and polrtrcal strength

,Int‘erest Transportatibn‘ 'Tra'nsportation in--
.. cludés movemant of goods inGreat Lakes-St
Lawrence shrpprng channels’ and into ahd out

of Graat Lakes St Lawrence ports: Transporta—-
tion rnterests are comprrsed of two maror sub-

- .-c!asses (1) acean going and lake carrrer shrp
"prng companres often represented by shrpprng

associations, and {2} p_orts ‘Gften represented

by port assaciations Associated with the lake .

transportatron |nterests are’ other rnterests within.

" the regrona!transportatron |nfrastructure |nclud

rng truck and rail rnterests

!nternatronal Jomt Commrssron (IJC) A br—

S national Commrssron created under- authorrtv of
.. the 1909 Boundary WaterTreatv The lJChas -

three primary functions: 1} qoasi-| Tudicial, with-
responsibility for approving applicatons to affect

- ‘natural flows or levels of boundary waters::
-2 rnvestrgatron of matters at'the request of the

two. governments with the limitation that. result-

- irg, recommendatrons are.not brndrng on the
. governments and can be- madified. or rgnored
C)) surverllance/coordrnatron through monitoring

or coordrnatrng the’ rmplementatron af recom- -
mendatrons at the request of the gevernments

: lnvestment Expendrture made by an interest

to.capture benefits. The invesiment decision
reflects avartable |nformat|on and understand-

"rng about the system, governrnent responsrbrlr-

tres and rrsks

' Jurlsdlctlon The extent or terrrtory over whrch

authorrtv mav be Iegat V. exercrsed

_ 'Lake Outﬂow The amount of water f!owrng
) '_'outofa Iake :

i -I..-i_ttoral:-Pertaining 10 of along the shore, 'partic- :
~ularly to describe .currents,‘fdeposits and driftf

thtoral CeII An aréa under the coriti nuous rnﬂuv

ence of specrfrc longshore currents.



thtoral Zone The area extendmg from the out-
ermost breaker or where wave characteristics
. S|gn|_f|c_antl.y alter duetsd decreased depth of

- waterta: either the place where there 1s marked
change in material or physiographic fotm; the
‘line of permanent vegetation (usually the effec-
- tive imit of stormiwaves): or the limit.of wave
uprush at average annual hlgh water Ievel

-'Location Be_nefit: Positive eftect on the welv :
fare of an interest.derived from shore location
and water level situation. '

Location Cost; N_egative effect on the welfare”

of an interest derived from shore location and
- watér level situation. '

" Marsh: Anarea of soft, wet or periodicallﬁr inun-
‘dated land, generally treeless and usually Char-
acterizad by grasses and ether Iow growth

: Me_asure: Anv actlon_, tnitiated bya Jevel(s)_, of.
" government to address the issue of lake leval

" fluctuations, inciuding the decision to do nothing. '

MeaSure, Non Structural Any measure. that
. dees not reqwre physical constructlon

‘ Measure;.Structural: A_ny measure that re-
: .quires some form f construction. Comrneniy
includes controt works and shHore protecnon

dewces :

Monthly Mean Water Level: The arithmetic
ayerage of all past observations {of water lgvels
or flows) for that month. The period of record
used in this Study commences January 1900.
Thisterm is-used interchangeably with average.

Meteorological: Pertaining to the atmosphere or

- atmospbhéric phenomena; O_'f.weather or:climate_.‘_

Model: A model inay be a mental conceptual-
ization: a physical device: or a structured ¢ollec- -
tion of mathematical, statistical, and/or.empirical

statements.

Model, Cemputer; A se_ries of equations and
mathematical teérms based on physical laws
and statistical theones that simulate natural .
processes '

'Model', Hydraulic: A small-scalé reprod ucti'on_"
of the prototype used in studies of spillways, -

stiling basing, con_trpl structures, river beds, eté. ™
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‘Model, Visual Situation: A gictonal display '
linked to an automated inf_errnation_/geographic .
information system{s)_whieh cannects thé prob- .

lem$ associated with fluctuating water levels

-with the stakehoiders gndtheir interests that are

impacted by the problems, with an emphasis

L on overlapping or interacting relatipnsh-ips, n

Negotiation: The process of seeking accom-

maodation-and agreement on maasures.and poli-

* cies among two or more interests or agencies
having initially conflicting positions by a “volun-
tary"” or “non-legal” appreach. This is often con-"

' ,sidered a_part-ofan AR process. '

" 'Net Basm Supply Represents the supp!y of

watera lake receives from its own basin less the

losses’by evapeoratian from the lake- surface and . '
'Ioss or'rgain due to seepage, '

No Net Loss: A Worklng prlﬂClple by which :
a department oragency strivesto-balance un-

' avoudab e habltat losses with habitat reéplace-
- ment on a project- by preject basis so that fur-

ther reductions to Canada s fisheries orU.S.
Wetland resources due to habltat Ioss or darm-

-age may be prevented:

_ .O'pel"'ating 'Plan Alist of procedures to be w
- followed in making. changes to the lake [evels

or their sutflows for-the specmc purpose or .

-to achieve certain objectlves,. Operation of’ regu- :

latory facilities on the Great Lakes dre carried -
out by their owners and operators under the .
supervision of the IJC and in accordance with
Plan 1977 (Lake Superior) and Plan 1958D

(Lake Ontarlo)

Oxic: To e'xpose 16 oxygen. .

Physiog'raphy A des"criptive study of the ea'rth"

and its natural phenomena, such as cllmate

-surface, etc.

Planime‘t'riq Capabili_ties: The eap'abt‘lity ofa-
system to measure areas. .

Policy: The pesitien adopted by a government

on an issue which is expected to structure and
gmde the decision makmg process.”

_Positipn of Interests: The perce ptions, beliefs
and preferences of interests regarding fluctuat-

ing water levels, implicaticns of those levels,
and acceptability of a measure or pdlicy-to
aninterest. Positicns may be directly stated or



may be.inferred from supporting or opposi'ng ‘

Aactivities taken by the interest in the decision
.makrng process :

* Public Communications:,Aotr‘vities,where the

purpose; design. and plan intends for two-way
communication for a defined period of time

between Stud_y personnel and-the public or

various publics: Examples: the Toledo Public
Information Meeting and-the Public Comment

"~ Processon the Task Force Report and Back-
_ ground Paper _

Public-ln_f_orma-t_idn: Activities where the pur-
pose, design, and plan intends to deliver -
information to t’he'pu"b'lio or varigus publics.
Examples press releases and anrcles in the
1JC's Focus Newsletter. =~

Publlc Invoivement Activities where the pur-
pose, design; and plan is such that members of
the public or varicus publics are engaged in the

Study on a continuing basis with other “expert”’

resources. Example- a member of an‘interest _
group serv‘rng as a functional g‘roup rmember

Publlc Partlmpatlon' Actrvrtres where purpose
desrgn and plan rntends thatmembers of- the.

" public have an opportunrty to participate for.a

defined period of time ir a Study activity. Exam-

:.ple Input into a portron ofthe work aotrvmes ofa
' -functronal group through a workshop

-Reach: A Iength .of shore with fairly uniform :

onshore and offshore physr'ograp_h:ic features
and subject to.the.same wave dynamics. -

Rebound (CrustalMovement): The uplift or

‘recovery of the'earth’s crustin areas where a

past continental glaciation had depréssed the
earth’s crust by the weight of the ice.

Recession: A landward retreat of the shareline

by removal of shore materials in a direction

perpendicular or parallet to the shore,

'Regulations. Control of Iand andwater use in,

acoordance with rules desrgned to acoomplrsh
certarn goals :

_ Regulation Artificial ohanges to the lake levels..
- ortheir cutflows for specific, purpose orto achieve

certarn ob ectives. .

L Reeiliency: The.abitityto readily recover from .
an unexpetcted event, either because costs were .

not significantly affected by changing levels,
another source of income provided a cushionto

levels induced costs, and/or a conscious effort
was_rnade on thé'part.of-the-interest.

Rlparlans' Persons residing on the banks of a

- body of water. (see Interests Resrdentral Prop-
.erty Owner} K

Runoff; The portion of precipitation on the land

that ultimately reaches streams and lakes.

Shorelme lnterseotron ofa specrfred plane ‘af _

‘water with the shore

Sllls. Underwater obstructions placed to reduce

a channel's flow capacity.

‘Social Desirability: The continued health and

well-being of individuals and their organizations.

. businesses, ahd commiunities to be able to pro-
vide for the'material, recreational, aesthetic; cul- -

'turar and other individual and collective needs .

© that comprise a valued qualrty of life, The satis- .
faction of this objectrve includes a consrderatron :
of rndrvrdual rrghts communrty responsrbrlrtres -

- and requrrements the distributional impacts

- of meeting these needs, and the determination:
‘of how these need should be achieved (paid

for) along.with other cornpetrng reourrements

cof socrety ' S

: s-pat_nal E,valuati_on Framework: The classifi-

~ cation and delineation of terfestrial, wetland -
“and aquatic environments in spatial units mean-.

3 rngful 9 an assessment of fluctuatrng levels

and measures

.Stakeholder' Anrndrvrdual group orlnstrtutron '
Cwith an interest or concerr; either économic,

socretal or envrronmental thati is affected by

fluctuating water levels or by measures proposed ‘
" torespondto fluotuatrng water levels within' the
Great Lakes St. Lawrence RrverBasrn -

' Str'ategy A general conceptual frarmework for
-gurdrng action based upon & partrcular purpose
- -and selected means for achrevrng agreed

upon ends

Steady State No ohange over time,

y System Dynamlcs A srmulatron modellrng

methodology d_evelo_ped at Massachusetts Insti-
tute of Techriology {M.1.T.} for the:study of the

behavidur of c_omprex systems. System Dynam- \
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1C5 )5 based upon the identification of key sys:
tem vanables the interactions between them -

anc the study of the effects of these: |nteract|ons-

over time.

Systems Approach: A method of irquiry whroh

comptements the classical analytical method of” '

- science by emphasrzrng the concept of’ whote
systems; " and the irreducibie propertres of whole

- -systems that result from the mteractrons among :

|nd|V|dua| components

UnCertainty and Risk: The evaluation’of a
proposed measure in terms of the unpredrct-
ab lity and magnitude. of the consequence which
" may follow, the deteetabllrty of antrcrpated or
unanttcrpated consequences and the’ aorlrty to
feverse, adapt. of redirect the measure depend
mg on rts effects

' Urbanization The change'of o‘ha’racter of land, ‘

due to.development. from rural of agnoultural
to urban '

i Wa'ter Supbly: Water reaching the Great Lakes.’
.as a direct result ot precipitation. less evapora-- -

: -tion fram Iand and,\ake surfaces’r

' Watershed The aréa drarned by a. r;ver or
‘ Iake system .

Wave: An oscrHatory rmovement in a body of -

e waterwhroh resutts n an alternate nse and faH

4 of the surface
Wave Crest:.The,hrghest part ofa wave. T

Wave D|rect|on The drrectron from whrch a
wave approaches

Wave Perlod Thetime for two suocessrve wave ’

erests to pass a frxed pamnt.

Weather'.'The meteor'ologioa'l congition of the
atmosphere defingd by the measurement of the
i srx marn meteorologroai elements: arrtempera-

ture; barometric pressure; wind velocaty humid- - .

ity Clouds and prempltatlon

Wetlands Wettands (marshes swamps bogs S

and fens; are defined as lands where the~water
table is at, near-or above the land surface. long*
' enough gach year to support the formation-of.

“hydric soils and to support 1 the growth of hydro- ..

“-phytés. as Iong as other envrronmental vanables
are favorable
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E Vu!nerabmty \/ulnerabrlrtyrs aconoept pertain- -

ing to a relative susceptibility of interests 1o the

‘adverse__consequences of water level fluctua- .

tions. Depending on'the chisice of level of reso-

‘lution, the concept of vu Inerability could pertairi

10,3 spectrum of identifications ofinterests rang-

. ing fram an individual, téa group of interests -~
~ (industry) or to.séme notion of “society as.a

- whole” Vulnerabllltv would thus be dependent

on the concentration of interastsin the Basin, -

\_‘:the type of actrvrty they.are engaged In,the.

assets thay employ mcludrng such factors as
location and setting, design range of the build:
ing or eoulpment the ability of tne lnterest to

: ada ot-and the like.




- Appendix 5:

—Mem"b'ers' of‘s_t_e:er'i‘ng"épmmitt'ee and-Project Management Team .
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o _,Memper‘s of Stéering,Comiﬁitte_e .

Co-Chairs

. ?P‘rojeét.

" Management
Team Co-Chairs

NC Lead Staff

Study Execotive
: Director

‘ 'Céna&ian '

‘Commissioner Robert Welch

International Joint Commission

- {Effective April 1989)

Cornmissioner P-André Bissonnette
Internaticnal Joint Commission
(April 1987 — March 1989)

‘Ms. Efizabelh Dowdeswell

Regional Director General -
Conservation &-_P_rotect@on_

" Environment Canada

Dr. Murray Clamen N
International-Joint Cormmission

United States

Cormmissioner Donald Totten
International.Joint Commission

Brig, Gen. Theodo_re Vander Els- ..

North Central-Division Commander

U, Army Corps of Engineers’

(Effective August 1987)

" Brig: Gen. Joseph Pratt .
~ North Central Division Commander.

US. Army Corps of Engineers
(April 1987 — August 1987)

’ 'DonaIdParsdns )
_International Joint Commission
{Effective February 1988)

D_av_id" LaRoche .

© Internationat Joint Commission

(April 1987 '—_Fe‘bruary'1988)

.,Kenn_et'h Murdock

North Centra! Division O
U.S.Army Corps of. Engingers -

. {Effective April 1988)
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' 'Member's‘6f'Prbi.éct‘M‘?‘:nagemef‘__t Team - - - ‘

i 'Co_-CI'_n‘air:s‘

'éa:l;'ladian '

. Ms. Ellzabeth Dowdeswell '
) .'-Reg|onal Director Gerieral
. Conservatlon & Protectron

: 'En\nronment Canada

" Deputias

Functional
Group 1

- Functional
. Group 2

Functional -
Group 3

Tony Wagner. :
“'Inland Waters Directorate "

Environment Canada,’

) Douglas Cuthbert - -
‘Inland Waters Drrectorate
_‘Envrronrnent Canada’ .

- Dr. Reid ,Kreutz'wis_er':
Department of Geography

Unrversﬂy of Guelph
{(Effective July 1988)

*-.Jean Thie o
“Larids Diregtorate

Envirenment Canada.

{April 1987 — June 1988) . -

Dr. Barry S_rnit
- Department of Geography . -
_-University:of Guelph -

' United States

 Brig. Gen. Théodaré Vander s
-North Central Division Commander

UsS. Areny Corps of Engrneers

) (Effective August 1987)

' Brig Gen. Joseph Pratt -

North Central Drvrsron Commander

CUS-Army Corps of Englneers
'(Aprll 1987 August1987) ’

h -"Bob Ma'c_!_auchlin 7
. North.Central- Dii:fisi'on o
- US. Army Corps. of Engrneer

,‘PhllllpO De! _
- North Central Division -

US. Army-Corps of Engineers .

_"(Effeoti\_/e Fe_bruary 1989} .

-+ Zane Goodwin
. North Centrat Dwrsron

U.S Army Corps of Englneers_

_-__(Apnl 1987 January 1989)

- ‘Robert Fioden : :
‘Bureau of Watér Regu!atron and Zonrng

Wiscansin Department’ of

-Natural Resources

Dr. Leonard Shabman

- Department of Agncu!tural Economrcs
‘ _V|rg|naa Tech :
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_ Functional
Group 4

. Functional

Group 5

1JC Lead Staff

Study Executive

" Director
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‘Canadian

" Alan Clarke
Internatronal Joint Commission,

{Effective February 1988)

Commrss:oner Robert \Nerch
International Joint Commission

* (Apni 1987 — January 1988} -

" Dr. :Andre_w Hamilton -
: Intema-tion_al Joint Commission -

'Dr !\/lurrav C!amen

' |nternat|ona1 Joint Commrssron"'

Meimbers of Project Maha_gémé‘nt Team (Continued).

,U'nited States .

Davrd LaRoche

Internatronal Joint Commrssron .
{Effective February 1988)

. Comriiissioner'L Keith Bulen
‘International Joint-Commission
' _(Aprrr1987'—January 1988) -

.-+ Dr Michael Ben-Eli
. The Cybertec Consultrng Group

‘ 'Dona\d Parsons ‘
o lnternatrorwalJorntCommrssron
_ {Effective February 1988}

David LaRoche

International Joint Cornmission. -
-(Apnl 1987 — February 1988}

" - Kenneth Murdock

" North Central Division
uUs. Army Corps of Engrneers
'(Effectrve Apnl 1988)




ISBUED TO

DATE

DENLH



