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PREFACE

The Canadi an Environnental Assessment Research Council (CEARC)was established
by the Government of Canada in 1984to advise governnents, and others, on
ossible inprovenents to environmental inpact assessment. Through the
eadership of CEARC, and other Canadi an environnental assessnent agencies, the
assessnent of cunulative effects (CEA) is recognized as essential to the
mai nt enance and preservation of Canadian natural resources and environnental
quality. This recognition inplies a need for a broad approach and |ong-term
solutions to cumulative effects in the scientific, social and institutional
spheres of influence. This Reference Quide is the fourth in a series of CEA

studi es supported by CEARC (CEARC and U.S. NRC, 1986 Peterson.et al., 1987
and Sonntagyet al., 1987).

This first attenpt by the Canadian Environnmental Assessment Research Council
to produce a detailed Reference Quide for Canada involved many individuals
across Canada and the United States. The study team was constituted so that
the various geographical regions of Canada woul d be adequately represented.
Dr. Patricia A Lane, P. Lane and Associates Limted (Halifax, Nova Scotia),
and Dr. Ronald R Wallace, Domnion Ecological Consulting Limted (Calgary,
Al berta), served as co-project managers and were responsible for much of the
writing. They also collected information on the Atlantic and Prairie
Provinces, respectively. Dr. Willace was the main author of Volune I
concerning the Wtlands Feasibility Study (Wallace and Lane, 1988). M. David
Bernard and M. N cholas C  Sonntag of ESSA Limted (Vancouver, British
Col unbia) collected information on the Territories and British Colunbia, and
they were also responsible for summarizing the agencies interested in CEA and
for compiling the CEA nethods [Volume |11 (Sonntag et al.,1988)and Appendi x
g1of Volune |, respectively]. M. Stephen H Janes of Janes and Associ ates
Limted (London, Ontario) was responsible for the Ontario region and for
providing advice on jurisdictional and institutional considerations. Dr.
Brian M Marcotte and his student, M. Vidar Neuhof, of MGII| University,
conducted interviews and reported on CEA in Quebec.



ACKNOW.EDGEMENTS

Dr. Cordon Beanlands, Executive Secretary of CEARC, provided overall direction
for the project as Scientific Authority. Hs insight into CEA in Canada and his
encouragenment greatly enhanced the Guide. He also provided excellent |ogistical
support to the study team Dr. Barry Sadler and Dr. Jon O'Riordan contributed
inval uabl e advice as to the study direction and content. Dr. M Husain Sadar
and M. Robert Connelly, FEARO, Ottawa, also provided advice on the Cuide and
facilitated discussion on CEA with other FEARO CEARC personnel .

The project greatly benefited froma Science Advisory Board which was
established to ensure the proper balance and scientific content for the study.

The Sci ence Advisory Board consisted of the follow ng individuals: Dr. Robert
Rosen of Dal housie University; Dr. Richard Levins of Harvard University, M.

Richard Johnson, U S. Fish and Wldlife Service: M. Sally deBecker of Pacific
Gas and Electric Conpany, M. Earle Hickey of Environnent Canada, Canadian Parks
Service (Halifax, Nova Scotia); M. Bruce Turner, Canadian WIdlife Service; and
M. Gary Stewart of Ducks Unlinited (both of Edmonton, Al berta). M. Turner and
M. Stewart allowed the use of their unpublished data for the Wetlands
Feasibility Study [Volune Il (Wallace and Lane, 1988)]. The study team
gratefully acknow edges the assistance of these individuals in offering

suggestions on CEA, supplying reference materials, sharing their experiences in
CEA, and reviewing our draft report.

Besi des serving on the Science Advisory Board, M. Richard Johnson of the US.
Fish and wildlife Service (Fort Collins, Colorado) contributed greatly to the
witing of the US. experience (Volune |, Appendix 7.3). He generously shared
his considerable insight into CEA Several of the ideas described in these
sections were influenced considerably by conmmunications with Dr. Carl Arnour and
Dr. Sanuel WIllianson of the US. Fish and Wldlife Service. M. Merle Peterson
and Dr. Everett Peterson, Western Ecol ogical Services Ltd. (Victoria, B.C),
advi sed us on their previous work in CEA and offered val uabl e suggestions on the

draft report. They also provided the use of their office facilities while the
team conducted meetings in Victoria.

Dr. Ted Manning of the Lands Directorate, Environment Canada (Qttawa), discussed
CEA with us and provided reference naterial for the Wtlands Feasibility Study.
M. John Doni hee of Yellowknife, NAM, net with us to discuss CEA issues specific
to his area and the overall regulatory considerations of CEA Dr. Elizabeth
Stull of the Argonne National Laboratory gave us advice on the theory of CEA and

the description of the U S. experience. Ms. Chantel Abou Debs prepared the
French resume de 1'exécutif on the final version of Volune I.

Approxi mately 80 other persons in governnent, academia and industry across
Canada participated in the interviews. Each individual who contributed to these
interviews is sincerely thanked for this inportant contribution to the CQuide.
These individuals are listed in Volume Il (Sonntag et al.,1988).

The study team sincerely acknow edges the assistance and contributions from all
t he above- not ed. Wi le we acknow edge those significant contributions, the
authors accept full responsibility for the comments in, and conclusions of, our
report.

iV



EXECUTI VE SUMMARY

There is a whole class of environmental problens that is presently not well treated by
traditional environnmental inpact assessnment nethods and existing jurisdictional and
institutional arrangenents. Col l ectively these problenms can be ternmed cumulative
effects (CE). They can arise fromnultiple human activities in a given area or from
nul tiple perturbations to the environnent froma single activity. Cunulative effects
can be characterized as occurring over spatially-extended areas greater than the size
of the |ocal ecosystem Exanples in Canada include |ong-range transport of
atnmospheric pollutants, global climte change, |arge water diversion projects,
groundwat er contamination from toxic chenicals, and habitat fragnentation. Probably
every part of Canada is experiencing cunulative effects in one formor another.

Envi ronnental inpact assessment procedures and requirenents in Canada are narrowy
focussed upon single proponent, single devel opnment assessments. These are termed
proponent - dri ven assessnents. There is no effective assessment and managenent
approach .to regional patterns of environnental deterioration which may result from
smal | incremental actions having no identifiable proponent or where there are so nmany
proponents and human activities occurring that there is no way to assess their

combi ned effects on the environment. These are terned ecosystemdriven assessments.
Wio assumes responsibility in such instances is a key question. Cunulative effects
have ranifications beyond environnmental deterioration per_se. Broad-scal e | oss of
environnental quality inplies severe |long-term econonm c losses and a restructured set
of devel opnent opportunities, or lack of them for Canada's future. The World

Commi ssion on Environnment and Devel opnent (1987) has recently reported on the
ram fications of cumulative effects on a global scale. Canada, as a country both rich
and yet dependent on its natural resources for its continued prosperity, cannot permt

cunul ative effects to increase in an unchecked and unmanaged fashion if Canada is to
have an effective sustainabl e devel opnent policy.

The objectives of the Quide are to provide a basic reference to cunulative effects
problens in Canada, to describe the present conceptual thinking on the subject here
and in the United States, and to present a nethodol ogical framework for conducting
CBA. A way to categorize cunul ative effects problems is also given.

Because the consideration of cunulative effects was placed in environmenta
regul ations several years ago in the United States, Americans have conducted more CEA
and devel oped nore nethodol ogi es than Canadi ans. There are no CE regulations in
Canada. Inthe US., a large nunber of federal and state agencies as well as a
variety of proponents have been actively working on CEA nmethodologies.  Many nethods
have been suggested, but the basic conclusion of the US. efforts is that cunulative
effects assessment shoul d be considered a process and not a single nethod.* The U S
and Canadi an experiences are summarized in Appendix 7.0 At different steps in the
process, ,a variety of nethods can be utilized. These are outlined in the Quide and
annotated in Appendix 8.0.

The Quide is designed for the Canadian user. Begi nning with a typology based upon
proponent- and ecosystemdriven types of cumulative effects, the user 1s asked, "Do

you need a cunulative effects assessment?" A decision tree helps the user to answer
this question

The user nust then decide whether to use a top-down or bottomup type of cumulative
effects assessnent. The Quide provides a 12 to 13 step process for either
application. Essentially, the top-down approach is used for ecosystemdriven and the



bottom up for proponent-driven cumulative effects problens. Central to the
conceptualization i S the notion of feedback, and early determnation of whether the
key feedbacks occur with the human activities, the environnental changes they induce,

t he val ued ecosystem conponents, or sone conbination of these. Feedbacks are very
inportant in these conplex systens. Feedbacks can be the cause of surprise and
counterintuitive effects that foil management efforts. Feedbacks can al so serve a
valuable role in systemcontrol but only if we can understand and nmanage them
appropriately.

The Reference Quide concludes with three sets of reconnendatiqns on further
devel opment of CEAin Canada. These include: (1) nethodol ogi cal considerations, (2).

potential jurisdictional and institutional arrangenents, and (3) the use of consensus-
bui I di ng techniques.

For the first set of recommendations, the main method suggested is |oop anal ysis which
centers on the evaluation of feedback relationships and their role in conplex systens.

Loop analysis involves qualitative network analysis and can be used by a non-
mat hemati cal assessor. The nethod can conbi ne bi ophysical, socio-econom c,

jurisdictional and institutional variables in the same cause and effect network. This
facilitates the elucidation of the system behaviour emanating fromthe interconnection
of these disparate variables. In this section, we also reconmend that the devel oprment
of CEA will proceed nost effectively if there is an iterative process between the
i mproverment of the conceptual framework and its application in a case study fornat.

Bot h top-down and bottomup case studies are needed.

In the second set of recommendations, we suggest that there be sonme new federa

initiatives for CEA in Canada. There needs to be an effective conbination of regiona

pl anni ng and environnental assessnent capabilities in a new type of environnental
management. W suggest that five regional CEA boards be established across Canada and
that they operate under federal nandate, to guide CEA efforts in their respective
regions with an overall cohesive policy on sustainable devel opnent. These boards
woul d handl e both proponent-driven and ecosystemdriven types of CEA

In the third set of recommendations, we discuss many cunulative effects problens
centering on the joint use and sharing of environnents and their resources. Thi s
inherently involves negotiation by all parties concerned to ensure the optimal use and
| east danmge to these spatially extended systens.

The Quide also contains a glossary of acronyms and a |arge bibliography to direct the
reader to nore specialized areas of the cunulative effects literature. A feasibility
study involving the wetlands of the boreal agricultural fringe of the Prairie
Provinces is described in Volune Il (\allace and Lane, 1988). Both the biophysica

and associated jurisdictional and institutional problens are discussed.  Suggestions'
are then given as to how the cumul ative effects problem could be assessed usinga

top-down assessment process. In Volume |11 agencies and organizations interested in
CEA in Canada are described (Sonntag et al., 1988).

Vv



1.0 I NTRCDUCTI ON

1.1 Cunul ative Effects Assessnent (CEA)

The purpose of this section is to define CEA and to provide an overview of why
CEA is such a difficult subject area both conceptually and operationally. In
addition, the inmportance of inmproving our ability to conduct, inplement, and
revi ew CEAs i s enphasi zed. Curmul ative effects or inpacts potentially affect
every Canadian now and in the future. CEA is probably the nmost difficult and
i nherently conplex problem facing environnental managers, regulators, and
devel opers in managing our natural environments and resources. Effective
management of cummulative effects in Canada is the key to a successful policy
for sustainable devel opnent.

~Traditional environnental inpact assessnent (EIA) usually centers on a Single

devel oprment planned by a single proponent in a circunmscribed area, such as a
| ocal ecosystem for a specified time period. In recent years, there has been
growi ng dissatisfaction with this assessnent process since nany problens of
environnental deterioration, resource managenent, and multi-user conflicts are
broader in scope. The growi ng awareness of the serious long-term effects of
acid rain, global warm ng, urbanization, accelerating |oss of wetland

habitats, large river diversions, large |ake eutrophication, and species
extinction have captured the attention of national and international decision
makers. These are cumulative effects problens. Because EIAs have

traditionally exam ned a single project and effects that can be directly
traced to the project, there is no doubt that considerable environnenta
detrioration proceeds unrecognized and unchecked.

Cunul ative effects assessment (CEA) is currently undergoing intense
devel opment in Canada and abroad to address the larger spatial and |onger
tenporal scales for ecological, socio-econonmc, jurisdictional and
institutional systems related to environmental deterioration. An increasing
number of literature citations also denonstrates that CEA will have profound
effects on how we conduct environnental assessnents, influencing infornation
requirenents, data collection, analytical tools, environnental training and
jurisdictional and institutional systems. Assessnments will be increasingly of
an interdisciplinary nature and will have to cross traditional jurisdictiona

boundaries. New assessment nethodol ogies and institutional frameworks will be
necessary for Canada to be able to conduct CEAs and nanage CEs effectively.

The significant challenge posed by cunulative environmental effects will test
all levels of the scientific and environmental management communities, not
just in Canada, but globally.

The probl em of devel oping CEA is nultifaceted. First, it is difficult to
achi eve consensus on the definition of cumulative effects (CE). Second, mnany
smal | individual actions are not considered inportant in traditional EIA even
though we now realize that their collective consequences can be severe on a
regional scale. Third, the theory of cause and effect in spatially- and
tenporal | y-extended ecosystens is in its infancy, and what theory has been
devel oped at the regional level in ecology, such as island biogeography, was
not designed to answer ElIA-type questions. Fourth, the existing
jurisdictional frameworks are not equipped to deal with cunulative effects



probl ens effectively. These franmeworks have existed since Canada becane a
country and clearly predate the existence and identification of nmany
cumul ative effects problens. In addition, overworked environmental managers
are limted by their disciplinary training, mandates, geographical
jurisdictions and time constraints.

At present, there is no consensus on the definition of cunulative inpacts. A
working definition can be devel oped from a description of some possible types
of cunulative inpacts as follows (adopted from CEARC and U.S. NRC, 1986):

1) Cunul ative inpacts happen over a period of tine when the same type of
perturbation occurs with high frequency so that the separate
perturbations are not danped out by the ecosystem (time-crowding). An
exanple is a continuing increnmental input such as acid deposition. This
is essentially an exanple of a periodic input phenonenon.

2) Cumul ative inpacts happen in space when the same perturbation occurs in
| ocations so close together that effects overlap spatially (space
crowding). An exanple is the cyclical effects of forest clearcutting
This is a type of synergistic phenomenon.

3) Cumul ative inpacts occur fromdifferent types of perturbations (possibly
from separate devel opnents, activities, etc.) that affect simlar
environmental conponents if the spatial-tenporal scales of the
perturbations overlap sufficiently (conpounding effects). This type of
cunul ative inpact involves both periodic and synergistic inputs, and we
define it as "conbined".

[t is now recognized that many diverse and renote factors may cause cunul ative
effects. For exanple, certain economc sectors may be directed, supported or
controlled by governments, regulatory requirements, or jurisdictional factors
in ways which synergistically cause |ong-term environnental degradation. The
agricultural industry is a good case.  Agricultural policies have provided
subsidies, at virtually any cost, for an uncontrolled expansion of the
agricultural base. These policies have caused additional and significant
fragmentation of wetland habitats, serious soil erosion, and deterioration of
aquatic systens through chemical contamination in runoff and siltation

Cunul ative effects are inportant because of their inherent nultiplicative and
nonlinear nature; conbined effects represent a general exanple of this
phenonenon. Many ecol ogical relationships are essentially nonlinear, and
these nonlinearities are magnified under many cunul ative effects scenarios.
Cearly, if cunulative effects are not addressed appropriately, there can be
large prediction errors. Factor interaction is well known in toxicologica

studies at the individual level, but it is less well understood at the
popul ation and ecosystem |evels.

Smal | Local Effects - Big Regional Problens

I'n 1982, Odum conpared the problem of cunulative effects with the "tyranny of
smal | decisions” as described by an economist, Afred Kahn (National Research
Council Conmttee, 1986). This concept calls attention to the fact that

|-2



whenever nunerous, small decisions affecting the environment are nade
i ndependent |y, the incremental consequences of the decisions are usually not
addressed nor are they recognized as being caused by discrete events. As a
result, long-termor |arge-scale environnental perturbations have not been
exam ned by traditional approaches to ElA nor are these problens, which are
growing in significance, solvable by these nethods. For instance, there are
no scientific nethods presently available which adequately assess cunulative
effects quantitatively.

Theory of Cause and Effects in Spatially Extended Ecosystens

Wiereas there is no consensus on the definition of cunulative effects, there
is a general realization of the inportance of recognizing them and being
prepared to assess their significance in real world situations. As not ed
above, the pervasive nature of acid deposition on |arge biogeographical scales
has called attention to the inportance of this class of problem As Canada
becones increasingly devel oped, areas larger than the size of the |oca

ecosystemwi |l continue to be affected both periodically and synergistically.

As we devel op inproved conceptualizations of these spatially-extended
ecosystens to predict and manage inpacts, we will also need to devel op new
analytical tools to wunderstand causal relationships correctly.

Conceptualization Wil| be an iterative process as analytical capability also
| nproves. The environmental assessnent community is now at a stage of
di scussing the issues and understanding the problems, but there is no
uni versal |y established approach presently available and readily usable. |f a
general i zed approach could be devel oped, then the whole field could progress
qui ckly. Intensive theoretical devel opment is necessary to expand the
analysis of local ecosystens and singular devel opnents into |arger space and
tinme scales for nultiple developnents and nmore intricate levels of causality

that sinultantously consider the biophysical and socio-econonic aspects of the
environnent simul taneously.

In addition to the increased conplexity of larger tine and space scal es and
more intricate causality, there is also a nore conplex |evel of prediction

required for CEA than for traditional inpact assessnent. In the latter, we
wi sh to predict and conpare system structure and behaviour with and without a
particul ar devel opnent. Oten the devel opment can be described using

engineering design criteria. Wth CEA, we will need to predict not only the
future behaviour of systens with |arger space and tine scales but we also will
be required to predict cunulative effects from devel opnents not yet proposed
but probable for a given region. This is necessary so that environmenta
pl anning isoptim zed over the long termand resources are not used on a first

cone, first served basis, which would close options for future devel opment and
resource use

Resol ving cumul ative effects is not sinply a problem of devel oping better
analytical tools and inproved understanding of spatially-extended and
perturbed ecosystens. Equally inportant is the plethora of jurisdictional and
institutional barriers that presently inpede the identification and management
of, cunul ative effects. Hence, resolution of CEA in Canada will pe
significantly influenced by the solutions chosen for scientific, social and
jurisdictional problens. Wile partial solutions in individual categories can
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be achi eved, successful resolution of CEA problens is unlikely unless problens
are addressed froman integrated perspective. ldentifying workable sol utions
to the jurisdictional, institutional and procedural problenms which inpede

I mpl enentation of environnental problem solving has only just begun to be
addressed rigorously in Canada

There is probably no single solution to all the types of environnental

probl ens which may ari se. The point, however, is that a solution to the
existing jurisdictional dilemmas is presently being sought by several
agenci es. It is also clear that, while nethodol ogical problens for CEA nay

be identified and scientific approaches to resolve theminstituted, the
jurisdictional barriers may prevent, or at least frustrate, their optina

i npl enent ati on. For example, we presently understand a great deal about the
underlying causality and scientific aspects of inpacts related to acidic
deposition, but jurisdictional and institutional considerations have hindered
the inplenentation of needed solutions

As Peterson et al. (1987) pointed out, the structures of the existing

environmental management agencies in Canada nmay be not capable of responding
to, or identifying, cumulative environmental effects

"Today's dom nant social and econom c perspective is that if
cunul ative effects are either not identified or are ignored at the
bi ophysical level, the next point at which identification wll
occur is when cumulative social and/or economc effects on the
human popul ation are identified. For exanple, scientific evidence
suggests that proper containment and di sposal of toxic wastes is
i nperative. However, the institutional structures to acconplish

this commonly fail until an exanple of effects on human health
results in public awareness."”

This exanple of the multiplicity of jurisdictions and institutions failing to
catch environnental problems of significance until they reach public awareness
by threatening health, is conpelling.

It is recognized that these types of agencies cannot be expected to respond to
broader issues which extend through and beyond their collective jurisdictions.

Indeed, in Canada the existing institutional arrangements tend toward. a
fragnentation of interests and responsibilities regarding renewabl e resource
management . No. better exanple can be cited than the traditional struggles
between forestry and fisheries interests and agencies. Harvested forest |ands
erode into, and degrade, fisheries habitat. Forest conservation and
protection neasures by aerial pesticide spraying against forest pests nay
directly affect aquatic species and nearby communities. Yet, no area w de
management agencies are able to resolve, or perhaps even address, the wider
I ssues of long-term managenent of the collective resources. Oten,

institutional arrangements preclude the open and objective resolution of such
conflicts and leave little access for the average citizen, except through the
costly and largely inefficient mechani smof the courts.

Simlarly, societal attitudes toward the re-use (or non-use) of naterials
greatly anplifies the long-term cunulative effects of seenmingly

| -4



| BERLAT N

i nsignificant, i ndi vi dual choi ces. Hence, economcs, society and human
attitudes all act, and interact, to produce cunulative effects on the
receiving environment. This inplies that effective solutions nust address our
fundanental attitudes toward the conservation and managenent of natura

resources and environnental quality, and nust be framed in policies that are
cogni zant of the interrelationships of environment, econom cs and society,

that is, sustainable devel opment. In short, CEA may be defined by
environmental nanagenent techniques but cunulative effects can only be
fundanental |y and effectively addressed by much w der econonmic and soci al
pol i cy decisions. It is also essential that the managenent framework be
designed for the extended spatial-tenporal scales that are inherent in
cunul ative effects.

In any case, there has been no successful denonstration of |egislative or
institutional arrangements in Canada which has been able to cope adequately
with, or regulate, the major long-term cunulative trends in environmenta

inpacts at a national or regional scale. New legislative and institutiona

arrangenents are urgently required as are the overall CEA conceptualization
and approach that nust underlie them

1.2 bjectives of the Reference Quide

The objectives of the Reference Quide are as foll ows:

1) To notivate potential users to consider CEA-type problenms and their

solutions inportant for ensuring the quality of the Canadian
envi ronnent,

2) To provide a basic reference of CEA terminology, concepts and
ref erences,

3) To present a holistic approach including a methodol ogical framework for
CEA and for organizing associated information,

4y To present an overview of major cunulative effects in the five
geographi cal regions of Canada

5 To give a brief review of the history and energing theoretical franework
for CEA in Canada and the United States using case studies,

6) To provide recommendations for future development of CEA in Canada,

7) To present a CEA feasibility study centering on wetland habitat
fragmentation of the boreal agricultural fringe of the Canadian prairies
(Volune Il - Wallace and Lane, 1988). and

8) To summarize future collaborative potential for CEARC with other
agenci es and organi zations interested in CEA in Canada (Volune III-
Sonntag et al.,1988).
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1.3 Application of the Reference Quide

This CQui de centers on the environnental aspects (mainly biophysical) of
cunul ative effects assessnent. It was outside the Terms of Reference of the
study to provide a conplete methodol ogical framework for the related
soci o-economi ¢, institutional and jurisdictional areas. W do, however, point
out many of the concerns in these latter areas throughout the text and
illustrate howthey relate to the biophysical considerations.

Human activities and devel opments are pervasive throughout nuch of the
Canadian environnent. Sone types of inpacts, such as those related to acidic
deposition, my originate thousands of kilonetres away fromthe affected area.
In a strict sense, probably every square netre of the Canadian environnent is
curul atively inpacted. A single devel opment, such as a power plant, can
inpact, in cunulative ways, on a local ecosystemthrough simultaneous chem cal
rel eases, thermal plunes, inpingenent and entrainnent processes. Thus, a
particular environmental conponent, |ike a larval stage of a valuable fish
species, can experience nultiple and cunulative effects via a single
devel opment in a local ecosystem as well as from multiple devel opnents or
ot her human activities |ocated both inside and outside its watershed.

For the above reasons, it is necessary to focus this Reference CGuide on the
class of CEA problens beyond the |level of a single development in a |ocal
ecosystem (which can be handled by traditional ElA procedures) and up to and
including all of Canada. Thus, spatially-extended systens above the |ocal
ecosystem form the smallest unit, and all of Canada is the largest unit
consi dered by the Quide. For example, we consider the role of worldw de
climatic change wthin Canadian borders but the Cuide does not extend beyond
Canadi an territorial boundaries to consider cumulative effects of climte
change on the biosphere. O'ten, CEA problenms will involve two or nore
jurisdictions although presence of nultiple jurisdictions is not a
prerequisite for CEA. W only briefly consider international jurisdictional
overlaps, such as the managenent of the Great Lakes by the International Joint

Commi ssion, when such exanpl es enhance description of potential methodol ogies
and conceptual advances.

There is a wide variety of potential users of this Guide across Canada. I'n
devel opi ng the Guide, we consulted personnel from several tiers of
territorial, provincial and federal regulatory agencies, industry, acadenia,
consul ting conpanies, municipal government, and even several U S. scientific
and regul atory agencies. Al expressed interest in obtaining and using the
Qui de. Cbviously, it is difficult to provide a single guide that will
simul taneously serve the field ecologi st and the senior policynaker. They
work on different aspects of CEA problems and have different types of training
and perspectives. Each type of know edge is inportant in the total approach

to CEA, but the key point is that the know edge and the needs for additional
insight are different.

No one guide can be everything to all users, but, to slant the Quide to one
type of user would necessitate neglecting many others. Therefore, we have
chosed a conprom se approach, but we have had to assume that readers have a
basi ¢ understanding of how environnental inpact assessments are conducted in
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Canada according to federal and provincial procedures. Forexanple, we have
assuned the reader is famliar with, and has access to, FEARO assessnent
guides and Beanlands and Duinker's (1983) "An Ecol ogi cal Franework for
Environmental Inpact Assessment in Canada". W have al so assuned that readers
will be famliar with such basic assessnment nethodologies as ad hoc,
checklist, mapping and matrix approaches. Al though we discuss several
potential nodeling approaches for CEA, we assune that readers do not have
extensive mathematical and nodeling experience or experience with
mul ti-jurisdictional assessnents for which no clear guidelines may exist.

As in any new developing field, the terminology of cunulative effects
assessnent is evolving rapidly. The literature contains a |arge nunber of
terms and acronyns that are difficult to remenber so we have included a
gl ossary (Chapter 5.0) to assist the reader. W have also tried not to
encunber the text with too many definitions. Each acronym is explained when
it is first used. In Chapter 6.0, extensive literature references are
provided so that the reader can followup his or her particular interests in
CEA.

Eventually, it may be desirable to produce customdesigned reference guides
for particular audiences or specific types of CEA problens. Wile CEA is
developing so rapidly, however, it is beneficial to provide all interested
parties with a common, generic information base
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2.0 CUMJULATI VE EFFECTS ASSESSMENT -- AN OVERVI EW

2.1 dobal Sustainable Devel opnent and Cunul ative Effects

To date, Canada has not had an organi zed approach for recognizing, eval uating
and managi ng cunul ative effects. Overall, the focus on EI A has been narrow
and proponent-driven. Types of proponents have al so been limted. Recently,

the M nister of the Environnment called for review of the environnental

assessnment process in a Geen Paper (PR-157). Although the changes suggested
therein are needed, they still do not provide for an operative cunulative
effects assessment and nanagement (CEAM framewor k. This nmeans that many
types of environmental problems will continue to slip through the assessment
net. Wiile EIA changes are being suggested is the opportune time to broaden
our view of environmental problems and to plan nore wisely for the future.

The recent report of the Wrld Comm ssion on Environnment and Devel opment has
provided a conpelling rationale for combining |ong-term econom c devel opnent
and environmental nmanagenment into an integrated framework or "blueprint for

gl obal survival". The Comm ssion, however, did not supply this blueprint.
Undoubtedly, the blueprint will be constructed and applied in nmany contexts
t hroughout the world in the next few decades. If Canada is to manage her

environnments wisely, as well as be a full participant in pronmoting and
inplementing this global blueprint, then effective CEAM nust be given
priority. The | arge-scal e environmental deterioration the Wrld Conm ssion
refers to is, in essence, global cunulative effects. The blueprint is CEAM

Creating the blueprint will involve conceptual innovation in integrating
bi ophysi cal, socio-economc, and jurisdictional and institutional

consi derations on extended spatial-tenporal scales into a holistic assessment
and managenent franmework. This framework will need to be applied in
appropriate case studies that will iteratively |ead to enhanced understandi ng.

This will come about in part by conbining aspects of inpact assessment and
ecological principles with aspects of regional planning and economc
devel opnent in a novel manner. It is too early to envisage whether or not a
new discipline will evolve, but it is a possibility. At the very least, a new
thinking and a new determnation to inplenment CEAMw || have to enmerge. The

will have to be a formof goal-oriented planning where the goals are no |onger

the more sinplistic, short-term econom c ones of traditional regional planning
and cost-benefit analysis. The goals nust be environnentally based with
clearly specified economc ramfications. The overall goal, of course, is
| ong-term environmental sustainability which also includes an economnic
optimization. Environment and economics are inextricably linked in a
fundanental way; all of our needs nust be net from our environnment. To
achi eve environmental sustainability, we need a new set of criteria that are
conceptual |y sound, operationally neasurable, and inplementable in either
existing or innovative jurisdictional and institutional arrangenents.

This Reference Quide centers on a portion of the necessary blueprint for
sust ai nabl e devel opnent, that is, the largely environnental and ecol ogi cal
conponents of the conceptual base. In this chapter, we first describe CEAMin
Canada and how it relates to EIA and environmental planning. Next we discuss
sone of the institutional and jurisdictional barriers to effective CEAMin
Canada. It was beyond the Terns of Reference to nake detailed proposals for
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the elinmnation of these barriers. In this chapter, we also list the basic

assunptions of the conceptual franmework. Assunptions such as these shoul d
always be nade explicit.

2.2 CEAM in Canada

As some of the followi ng chapters will show, cunulative effects are very nuch

a part of a pervasive deterioration to the Canadian environment. CEs affect
overal | environmental quality as well as many resource managenent issues. CEs
have al ways been with us, and they will always be with us. As future

increases in popul ation and devel opnent occur, however, cumulative effects
probl ems will become nore apparent; and they will require better planning and
managenent, especially on a regional to federal |evel.

Interestingly, sone of the problens which result from cunulative effects have
been defined for sone time, although succeeding generations have approached
their solution in different ways. The first National Parks in Canada were
areas clearly identified then as national resources worthy of long-term
protection and conservation. This recognition, originating in the 19th
century,. of long-term degradative effects from devel opnent pressures, surely
constitutes one of the clearest visions of a people's determnation to offset
cunulative effects. And yet, even that vision could not foresee the magnitude
of the effects which were to be created by the industrial revolution, effects

which transgress national and international boundaries far beyond the control
of our present governmental apparatus.

Al t hough CEA has been a part of environmental nmanagenent and thinking in
Canada, the nore formalized conceptual developnent and plans for

implenentation are relatively new. Thus, attention is now focused on CEs in a
way that has never occurred before in Canada.

The recent history of the CEAM concept can be traced, in part, by examning a

few of the nore recent and inportant events in this area. I n 1982, Cdum
(1982) wrote an article pointing out that seldom are the conbi ned consequences
of many small, independent decisions affecting ecosystems given nuch

attention. The following year, the US. National Research Council formed the
Committee on Applications of Ecological Theory to Environmental Problens
(CAETEP) which pronptly initiated a series of case studies, sone of which
illustrated cunulative effects problenms. These case studies were described in
t he book Ecol ogi cal Know edge and Environmental Problem Solving (Oians et

al., 1986). Meanwhi e, CEARC was forned in 1984, and the nenbers soon
assigned CEA issues a high priority.

Lack of a universally accepted definition has been a problem for those trying
to deal with cunulative effects. To help clarify the basic concept of CEA
and to investigate related issues, a major workshop was held in Toronto in
February 1985, sponsored by both CEARC and CAETEP. At this workshop, thirty
participants, primarily researchers and environmental managers from Canada and
the United States, described their perspectives on CEA, and proposed
directions for both research and planning (CEARC and U S. NRC, 1986).
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Al though proceedings of the Toronto workshop represent a binational
perspective on CEA, the recomendations were not synthesized into a definite
program of acti on. Thus, follow ng the workshop, CEARC conmi ssioned two
studies to provide recommendations that would help in formulating a nulti-year
plan to 'guide Canadian research on CEAM Together, these two studies (Peterson
et al., 1987; Sonntag et al.., 1987) defined the state of CEAMin Canada. Mre
recently, CEARC synthesized these two reports into a draft research prospectus
(CEARC, 1987) that outlines CEARC's nmulti-year research agenda on CEAM The
first priority on this agenda was to prepare a Reference Quide for individuals

charged with preparing an assessnent of cunulative environnental effects,
which led to this report.

As Orians (1986) pointed out, to go beyond managing cunul ative effects on a
case-by-case basis, scientific and institutional approaches will both require
restructuring. He added that considerable inprovenent in communications
between scientists and nmanagers will also be required. One step toward this

new state of affairs is to develop a conceptual framework w thin which CEAs
can be conduct ed.

In their reports to CEARC, both Sonntag et al. (1987) and Peterson et al.

(1987) devel oped conceptual franmeworks which they then used to evaluate and
di scuss cumul ative effects case studies (several of which are described in
Chapter 3.0). Taken together, these two reports offered severa

recomendations, including: devel opnent of research prograns focusing on
institutional and management aspects of CEA, evaluation of the useful ness of

existing methods and analytical tools for CEA;, and testing of the CEA
concepts, framework, and methods in a feasibility study.

Using information fromthese two reports, CEARC is devel oping a conceptua

framework for CEA.  There are a nunber of common el enents devel oped by the two
study teams including: systens approach, specific choice of space and tinme
bounds, consideration of selected ecosystem conmponents, sensitivity to

threshol ds, and consensus. Each of these elements is discussed nore fully
bel ow.

Although it is not a novel suggestion, it is inportant that any attenpts at
CEA adopt a systens approach. Wthout doing so, it is likely that the
evaluation will fail to incorporate effects that accunul ate over space or time
just as early non-systens approaches (for exanple, EIA for individua

projects) failed to recognize factors that we now recogni ze as contributing to
our current environnmental problens.

Li kewi se, selecting appropriate bounds on the spatial and tenporal donain in
which the analyses are carried out is inportant; wuntil the bounds are
selected, itis far too easy to focus attention on only sonme parts of the
system rather than on the entire system  Equally inportant, choosing bounds
gives investigators a rationale by which to make decisions on what to include
and exclude in a given assessnent.
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A - major step in nmaking a CEA nanageable is to accept that, although
"everything in ecology is connected to everything else", not all connections
are equally inportant (Qrians, 1986). Consequently, only selected ecosystem
conponents and processes need to be considered in CEA. O course, selecting
whi ch conponents and processes are inportant is not a trivial task, but there
are nmethods to assist in nmaking these choices.

ne area that clearly hel ps distinguish some types of CEAs fromEIAs is
consideration of ecosystemthresholds in the fornmer. |f CEA results are to be
neaningful, sone attenpts will have to be made to determ ne what affect a
given human action will have on an ecosystem, relative to the internal
threshol ds of that system Westman (1985) has pointed out the difference
bet ween thresholds inherent in a system and those affecting human val ues.
This relatively new way of |ooking at inpacts pronmises to assist not only in
dealing with cunmul ative effects issues, but also wth questions of

significance that have |ong plagued individuals charged with conducting
environnental assessments.

Finally, there is now a recognized need to devel op a consensus on approach to
CEAM i n Canada among the various individuals and organizations involved either
in controlling actions that cause cunulative effects, or in evaluating and
deci di ng about the acceptability of these actions.

Qur present system of environmental inpact assessnent addresses nmostly single-
proponent devel opnent and then often those devel opments which are |argely

funded by federal funds. A large nunber of activities that are currently
ongoing in Canadian environnents are not "caught in the assessnent net", and
t hey proceed unchecked. Especially troublesone is the problem of small

incremental changes. At a fundanental level, the changes are not different
from the biophysical and socio-econonmic ones found in traditional EIA  \What
is different is the larger spatial (and sonetines tenporal) scales that
translate into regional patterns of deterioration and a much reduced set of
options for the future of any particular area in Canada. \We cannot abate all
change and all deterioration, but on a regional level we could certainly
i npl ement a much better cunulative effects assessnent and pl anning system than
we presently do. This should be done as soon as possible, and it is opportune
that attention is presently focused on revision of the Federal Environnenta

Assessment and Review Office (FEARO procedures andrequirenents.

At present, environmental planning is needed at both the provincial and
federal |evels. British Colunbia, Alberta, Ontario and Quebec have
formalized environmental and regional planning, but even these four provinces
have no fornalized frameworks to deal with CEs effectively. To date, nostly
ad hoc responses to CEs have been the norm and there have been few exanples
of CEA used in standard FEARO practi ces. Lane and Gillis (1988) did
incorporate a sinplified formof CEA in assessing the interaction of the
proposed fixed link between New Brunswick and Prince Edward Island and twelve
ot her types of human activities in the Northunberland Strait area.

In Canada, the legal and regulatory definitions which mght be nost relevant
to the issue of cunulative inmpact assessments are not to be found within any
single legislative base. Recent initiatives by Environment Canada for
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national environnental protection policy may, however, if passed by
Parlianent, begin to address such questions. The Canadi an approach to CEA has
tended to rely heavily on the co-operative nature of federal and provincia

agencies in meeting the demands of elected officials for environmenta

protection through inter- and intra-agency initiatives. The new habit at
protection provisions of the Canada Fisheries Act is a de facto recognition of

the limts to enforcenent actions under the Act and the need to adopt a
broader perspective in co-ordinating essential ecological factors into
renewabl e resource managenent. Fi sheries and Cceans Canada has further
pursued this initiative by formulating a policy on Arctic Marine Conservation
Strategy and by inplenmenting newer approaches to fish popul ati on management
and protection on the east and west coasts of Canada.

The Lands Directorate of Environnent Canada has al so begun independent
initiatives for research on broad scale |and management practices. Thei r
strategy paper "Toward Sustainable Land Use" (Manning, 1986) recognizes t hat
the concept of sustained land use, "which maintains |onger-term productivity
and keeps open as many options as possible for future generations", is
essential to the fabric of the nation. As Manni ng (1986) not ed: "Land- use
decisions are by their very nature |ong-term decisions”

This tacit recognition of the scope, extent and tim ng of devel opment

decisions entails an inplicit understanding of CEAM Unfortunately,
management control is seriously undermned by the grow ng conplexity and
diversity in environmental managenent agencies. Ten provinces, two

territories and a federal government, each having separate environnental
| egislative bases, present a significant challenge for any manager seeking
recognition of, and action in, CEAM  There are sone positive signs, however,
whi ch indicate that approaches to CEAM across this jurisdictional base may be
possible.  The Canadian Council for Resource and Environment Mnisters (CCREM
has recently launched inportant studies on the nature of various jurisdictions
with regard to regulations on environnental paraneters. This basis for
integration could be expanded into a "CEAM foruni, under which consi stent
definitions and approaches are applied.

FEARO is another vehicle for potential recognition of CEA. A recent review by
assessed the ability of FEARO to affect Canadian decision nakers wth
| ong-t erm devel opnent decisions, and concluded that at the federal |evel, at
|east, the process had exerted a significant influence. Interestingly, the
Lancaster Sound Pl anning Process grew from the reconmendati ons of one EARP
Panel . This Planning Process is, in effect, an attenpt by federal agencies to
deal with long-term influences of devel opnment and to recognize the need for
cumul ative effects managenent in a unique area of Canada. These positive
initiatives and exanples, however, cannot disguise the fact that in Canada
there exists no single base for CEAM although significant managenent and
research initiatives have begun across Canada such as the International Joint
Conmi ssion on Great Lakes Water Quality Agreement, Long Range Transport of
Atmospheric Pollutants, and Alberta's Acid Deposition Research Program



2.3 Jurisdictional, Institutional and D sciplinary Barriers to CRAM

Wiile environmental concerns are key to establishing a workable framework for
CEA, political institutional, jurisdictional and disciplinary factors nust be
recogni zed as exerting a formative influence on the devel opnent and
i npl ementation of CEA methods. Most of this Reference Guide deals with the
ecol ogi cal aspects of CEA.  The purpose of this section is to illustrate that
as we develop these facets of CEA, we cannot forget the jurisdictional and
institutional problens that nmust be effectively resolved if we are to assess
and manage cunul ative effects successfully.

Peterson et al. (1987) dealt with the organizational and political aspects of

t he management conponent in a conceptual framework for CEA Those aut hors
not ed:

"... There are a number of political factors that cannot be ignored
in managenent of potential cunulative effects. The first is that a
political wll to act is required before any institutiona

arrangenent can be put in place or before any substantiated
decision can be taken. A corollary of this is that the cunulative

ef fects managenent system nust be accountable to elected
representatives."”

They further expanded this theme with appropriate reference to the denocratic
context within which CRAM nust function if it is to be recognized and
sust ai ned:

"Deci si on-maki ng does not take place in a vacuum For exanpl e

political realities related to unenpl oynent may over-ride
envi ronment al consi der ati ons. In addition, decisions are nade in
the prevailing political climate. Because political considerations
are very influential, group and individual behavior is of vital

inportance in any attenpt to change or add to the everyday
management system”

These basic considerations are highly relevant to any discussion about the
jurisdictional aspects which affect CRAM as they underline the fundamenta
wor ki ngs of the denocratic process of which environnental managenent is but
one conponent. Hence, the "interconnectedness" of the political-
scientific-social system which ultimately both produces and manages
cunul ative effects, must be recognized and carefully assessed if renedia
processes are to be successfully inplenented. At present, the existing
institutions for environnental nanagenment are clearly oriented to. nore
traditional environmental inpacts.  These organizational "barriers" to CEA

approaches in Canada are, in turn, reflections of the environnental and
jurisdictional realities within the nation.

These traditional approaches assune government intervention either through
regulation or by indirect, |egislative control over resource allocation.

Peterson et al. (1987) concl uded t hat attenpts to control cumulative inpacts
through legal liability are unlikely to be successful sinply because of the
enornous difficulty of attributing those effects to all the parties
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- potentially contributing to them In short, due process requires proof of
causality and usually sets limts to liability in both time and space.

At the other extreme, cunulative effects defy the best efforts to co-ordinate
and manage the plethora of government departments necessary to properly
address them  Because of the pervasive nature of cumulative effects, al nost
every part of governnent is involved in one way or another. For exanple, the
Department of Indian Affairs and Northern Devel opment (DI AND) produced a |arge
chart in 1982 which attenpted, by traditional nethodologies, to integrate and
co-ordinate all of the departnents needed for regulation of proposed oil and
gas devel opnent in the Beaufort Sea (Peterson et al., 1987).The process used
by DIAND included 20 different approval pathways, several reaching to Cabinet
| evel, and 89 boxes indicating regulatory activities contributing to approva

deci si ons. In addition to being unbelievably conplex and virtually
unwor kabl e, such approaches may discourage devel opers, proponents or the
public from taking environmental management seriously. At the very |east,

organizational co-ordination at this level of conplexity may sinply defeat any
attenpt to constructively address CEs.

Proponents are also reluctant to pursue CEA because their know edge is limted
to their own project. They do not believe they shoul d devel op assessnent
capabilities and be responsible for other projects in their area. They seek
environmental approval on the independent merits of their own project and do

not want to be constrained by inpacts and perhaps w ongdoi ngs of ot her
devel opers.

Existing institutional structures further present barriers to CEA because any
new arrangenents nust, by definition, be accommodated within the existing
arrangenents. In turn, these must either be included in existing legislative
mandates for EIA or have new ones |egislated. The | atter becones an
increasingly difficult option, as evidenced by new federal requirenents for
regulatory inpact statements to precede new |legislative initiatives.

Furthernore, many agencies such as the National Energy Board (NEB) have
"quasi - environmental and soci o-econonmi ¢ roles" which have a far nore powerful
| egislative base through their hearings process than many environnenta

agenci es such as DCE or FEARO. These |atter agencies rarely, if ever, inpose
specific conditions, by law, on devel opments outside of existing regulatory
conpliance requirenents. In addition to the institutional barriers to
effective CEAM proponents do not generally consider thenselves required by
| aw to address cunul ative effects issues and, in fact, legitimze that
perspective by "reductionist" approaches to the assenbly of EIA (long-term

| ow | evel effects are sinply dismssed as being of "noderate" or "negligible"
effect, as in the Beaufort Sea El A)(Peterson et al., 1987).

The real dilemma environnmental assessnent faces is that a relatively nmature
and sophisticated procedural approach has emerged w thout the evolution of any
clear-cut ability to integrate the managenent of the conditions or findings of
the CEA research. In Ontario, the review process defined by |egislation
clearly sets the stage for CEAs and the regul atory body, in probing
subm ssions, has extended its reviews and conditions of approval to reflect
the CEA submission. A glaring weakness, however, continues to exist in the
institutional systems inability to integrate and carry out the conditions or
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findings of the CEA. Wiile the systemfor environnental review and regul ation
can spell out conditions, once the project is approved there are few cases
where ongoing performance audits occur which can feed back adequate

information into the regulatory system to carry out the assessment of
cunul ative effects.

Part of this deficiency lies in the narrow definition of the jurisdiction for
these institutions responsible for carrying out EIAs and arranging the
conditions required for the approval of individual projects. Part of the
deficiency also can be traced to a fundamental characteristic of CEA findings
in that one aspect of a proposal or one environnental condition can
preci pitate another hitherto unknown effect. Usually the triggering event or
effect is well-known and its managenent well-defined. Cunulative or related

effects, however, may not be perceived clearly until long after the triggering
event, and there may be no provision available for nanagenent of the
"surprises". In fact, there may be an absolute refusal of the affected

institution to take any action

Wiile jurisdictional barriers often, and properly, attract nuch attention in
di scussi ons of CEAM, the question of inter-disciplinary problens often goes
unaddr essed. Each discipline of science (in environmental managenent)
approaches problens froma distinct perspective, and it is this philosophica
perspective which may shape subsequent conclusions anddefinitions of inpact.
(For exanple, see the conprehensive review of cost-benefit assessments in air
and water pollution control questions in Freenan, 1982).

Engi neers approach cost-benefit evaluations of water control structures from
the perspective of initial capital cost versus the probability of |oss of the
structure.  Frequency analysis of maxinum probable events which could damage
structures, however, ignore nore subtle long-termeffects such as habitat
destruction or change (such as siltation/sedimentation effects). Hence, the
initial definition of "cost" nmay fundanental |y shape the eventual inpact of
projects so constructed. Mreover, the weight of the numerous factors shape
the definition of "risk". For exanple, |osses to habitat which n1?ht prove
di sastrous to wildlife populations mght be judged an "acceptable risk"

because of sonme advantage to humans. One need only exanine the consequences
and costs fromthe Bennett Damin British Colunbia as it affected the
Peace-Athabasca 'Delta in Al berta to appreciate the magnitude of such |osses.

To be sure, the environmental costs of such engineering ventures are beginning
to be quantified, but generally through | egal remedy after the inpacts have

occurred. For exanple, refer to the conprehensive analysis of the
Churchill-Nel son Diversion and associated inpacts on the native fishery of
northern Manitoba (Lehnman, 1986). In cases such as these, the long-term

"costs" of the engineering works to the renewabl e resource base may exceed the

initial capital costs of the construction, when one considers total |egal and
conpensation settlenent costs.

2.4 Assunptions Inmplicit in Developing a CEAM Framewor k

In formulating a conceptual construct, whether it is an approach to CEA as
given here, a formal mathematical nodel, or a statistical analysis, it is
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~useful to list the assunptions. Five assunptions inherent in and fundamenta

to the CEA approach proposed in this Reference Guide are as fol |l ows:

1. CQumulative effects assessment is a conplex systens problem  Science has
traditionally not been very successful in solving conplex systens problens.
As our success has increased in solving sinple problenms, the relative
proportion of conplex system problens needing resolution has increased

Ceneral Systems Theory has provided an overview and approach to this type of
problem but not a detailed nethodol ogy (Winberg, 1975). Science, for
exanpl e, has been good at anal yzing problens of small nunmber systens. These
systens have few conmponents and few interactions between conponents. I'n
engi neering approaches where exact neasures and conplete functional
descriptions are possible, small nunber problens can be sol ved. Popul at i on
ecol ogy essentially represents an analytical approach to such snall nunber
syst ens. Use of this approach at the ecosystem|evel, however, has been
[imted to theoretical or over-sinplified nodels, a result of the near
inpossibility of obtaining nmeasures of all the interaction rates and
paraneters needed for a functional, ecosysteml|evel nodel

For |arge number systens, those that have a |arge nunber of conponents and
many interactions, statistical analysis can be enployed if randommess can be
correctly assumed to apply and the system can be described by averages or
mean val ues. The gas | aws present an exanple where statistical analysis is

appl i cabl e. Ei ghteenth century physicists at first tried to explain the
position and vel ocity of each nolecule of a container of gas in their
enthusiasmto determne the fate of the universe. This quickly becane

i npracticable as 1023 nol ecul es of gas could be present in a single vessel and
hence nmean val ues were found useful in formulating the gas |laws relating
tenperature, volune and pressure. Al though ecosystens can have a |arge nunber
of parts, there are not enough conponents to average themin a meani ngful way.
A fish is not dynamcally or functionally equivalent to 10* bacteria even
t hough they nmay weigh the sane. Thus, statistical approaches are useful in
ecology only in certain restricted applications.

Between small and large nunmber systens there are nmiddle nunber systens, those
that have intermedi ate nunbers of conponents and internmediate |evels of
i nterconnection. These are the systens that have too many parts for pure
anal yti cal approaches to work and too few parts for statistical assunptions
of average properties to be valid. As the nunber of conponents increases
arithmetically in a system the nunber of interactions increases
geonetrically. Scientists and social scientists have few reliable tools to
deal with this mddle level of conplexity. For mddle nunber systens, we find
that the counterintuitive results of Lane and Levins (1977), the surprises of
Hol 1ing (1982), and even the fol kl ore wi sdom of Mirphy's Law apply. Mur phy
was reputed to have despaired over an inept aircraft technician when hé
stated, "Anything that can go wong, will go wong". CEA is a mddle nunber
system problem and we cannot expect traditional methods to work well for it.

Sinplification, through the use of appropriate nmodels, is needed if one is to
solve problens inherent in mddle nunber systens. CEA probl ens cannot be
resolved with the reductionist, analytical approach used for small nunber
systens or with the statistical approach used for |arge nunber systens.
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--Fundanent al | y new conceptualization and nethodol ogi es need to be devel oped for

CEA based on a nore conplicated formof causality than we are accustonmed to
using. Cause and effect and especially the causality emanating from feedback
relationships is fundamental in CEA.  For exanple, qualitative structures of
causal inter-relationships of biophysical, socio-economc and managenent |inks
are needed. Meani ngful linking of the various disciplines is critical for
successful CEA. Qur inpression is that the classical errors in managi ng whol e
systens have been made by ignoring interconnection, or not understanding the
dynam cs, of the whole. These were not errors in the detailed evaluation of
individual links. In fact, traditional nethods of analysis usually determ ne
the effects of individual links in a systemvery well, but poorly determ ne
the scope of a systemto be studied, or how the parts fit together in the
| arger system

2. Conducting a cunul ative effects assessnment is not "doing science".
Al t hough successful assessnent is often very dependent on a good scientific
i nformation base, CEA and EIA are processes needed mainly for decision
maki ng. Thus, conducting a CEA or an EIA is not equivalent to "doing science"

In many ways, the scientific nmethod is a limted one. It is based on a
reductioni st thinking node that has sonetines been carried to the absurd.
Weinberg (1975) I|ikened current science to a tool box. It has some very

useful tools but they are not all good for all types of problenms. Sone of the
recent attenpts to make environnental assessnent "scientific" have |audable
motivations but are based on incorrect assunptions. Preston and Bedford
(1987) in their recent review of CEA give the inpression we should be
attenpting rigid experinentation, hypothesis-testing and quantification of
statistical significance. For the nost part, these are not even applicable
concepts in CEA To illustrate this point we describe tw exanples: t he
first illustrates the inappropriate use of the experinental approach in ElA
and the second, the incorrect application of hypothesis-testing.

Exanple 1

Oten a project or action is viewed as an experinent (National Research
Council, 1986).The "experimental approach" in an assessment context is
fraught with pitfalls and could even be described harshly as an approach which
circunvents long-term environnental managenent goals. Lehnman (1986) cited a
case where a detailed South Indian Lake |npoundnment study was conducted and
| ater researchers examned long-term (and |argely unanticipated) inpacts in a
post - study eval uation. The level of this lake was raised in a |large-scale

diversion of the Churchill River to supply hydroelectric power. A large
nunber of inpacts, many of which could be considered cunulative, resulted from
the devel opnent. In particular, sone of the cunulative effects with water

quality and nercury contam nation of fish were not anticipated.

This failure of EIA in the project-as-experinent approach caused the |oss of
the largest conmercial freshwater fishery in northern Manitoba. Total catch
eventually fell to one-third of its pre-inpoundnent size as operators
abandoned the fishery (Lehman, 1986). The environmental consequences, and
soci 0-econom ¢ inmpacts on the northern Native fishing industry, were severe
and conpensation-legal clains have already exceeded $2 mllion. These facts
outline the perils of the "experinental" approach and point out the hidden
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costs which may be entailed by not striving for a CEA-type approach in ngjor
project decisions. The Native Peoples of South Indian Lake region suffered
heal th risks and economic inpacts. They did not even share in the scientific
adventure. This project is a clear denonstration of the ethical and
regul atory need to devel op CEA nethodol ogies in Canada and to ensure that they
are properly applied.

A fundanmental problemw th CEA is the extrene conplexity of assessments which
may involve several projects affecting numerous environnental conponents over
large time and geographic scales (Peterson et al., 1987). Because ecosystenms
are large and conplex, it is usually inpossible to do rigorous scientific
experiments with valid experinental controls. Exceptions to this include the
work acconplished at the Experinental Lakes Area by the Freshwater Institute
and the |ong-term ecosystem studies at Hubbard Brook, New Hanpshire. In the
first exanple, valid experimental (whole-lake) manipulations have been
acconplished with significant scientific benefits. These cases are rare in
North America, but they provide rationale for long-term commitnents to
ecological field studies by institutions wth significant scientific
capabilities. Laboratory results concerning ecological processes can rarely
be extrapolated with predictive, scientific confidence to field situations
As Lane and Levins (1977) concl uded, physiological truth in the laboratory can
equate to ecological nmyth in the field

Exanple 2

A second exanpl e of applying the scientific method in an inappropriate way for
CEAs i s advocating hypothesis generation and testing for inpact predictions.
Hypot hesis-testing is often recommended in Canadi an EIAs, usually to be
i npl enented in subsequent monitoring programs. For exanple, the Beaufort Sea
Envi ronnmental Monitoring Programre (BEMP) centers upon generation of
hypot heses, and testing themis central to the conceptual framework of BEMP

Experinentation in ecological research generally leads to the application of
inferential statistics in order to denonstrate treatnent effects resulting
fromthe experimental perturbation or alteration. The use of inferentia
statistics entails many explicit and inplicit assunptions concerning
experimental design, sanpling, data franme, and the analysis and interpretation
of the resulting data. A particularly inportant prerequisite for inferential
statistics is true replication of treatnments which nmany ecol ogi cal studies
and EIAs fail to provide (Hurlbert, 1984). For exanple, often studies which
purport to satisfy this requirenent in fact do not and thus commt what
Hurlbert (1984) terns "pseudoreplication”. This termcan be defined as "the
use of inferential statistics to test for treatment effects with data from
experinents where either treatnents are not replicated, though sanples may be,
or replicates are not statistically independent." Thus, pseudoreplication is

replication of sanples at sonme |evel other than the treatment unit, for
exanpl e, bl ocks, sub-sanples, etc.

Wiile formulation of testable hypotheses and devel opnent of sound experinenta
designs suitable for statistical analysis are desirable goals, in practice
they are not often achieved and the concept is not applicable to nany
assessnent and nonitoring situations. Maj or probl ens exist, then, in
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determ ning environmental change associated w th anthropogenic activities for
which inferential statistics can and cannot be applied and in devel oping new
approaches to analyze existing and future data sets where inferentia

statistics are not appropriate. Al most sixty years ago, R A Fisher, the
father of nodern statistics, stated: "No one would now dream of testing a

response to a treatnent by conparing two plots, one treated and the other
untreated" (Fisher and Wishart, 1930).

Yet, we continue to design expensive and even sophisticated assessnents to
generate hypotheses and nonitoring prograns to test these hypotheses that
cannot be scrutinized statistically. Fisher developed inferential statistics
for application to questions of experinental design. It is of vital
i nportance to the ElA process in Canada to ensure not only that rigorous
statistical methods are used where appropriate, but that other criteria be
devel oped to consider those instances in which traditional statistical nethods
are not appropriate. This will obviate the subjection of well-intentioned
assessments (O criticismand invalidation on inappropriate statistica

assunpti ons. The Experinental Lakes and Hubbard Brook Studies did not use
inferential statistics to "test" for change

3. Several steps in traditional environmental inpact assessment have direct
counterparts in cunulative effects assessnent. The inpacts and changes
Inherent 1n cunulative effects are not fundanmentally different from those
involved in nore traditional types of environnental assessnment in that al
changes must eventually occur in a l|ocal ecosystem whether or not the
ecosystemis predomnately urban or wlderness. Changes can involve |oss of
reproductive potential of a species leading to local extinction, or decrease
in water clarity leading to a decline in primary production in a |ake. The
"tyranny of small decisions" also teaches us that cumulative effects do not
need to be profound locally: in fact, they can be very small. Thus, it is
| ogi cal that many of the steps and analytical tools used in EIA will also be
used in CEA.  Wat is fundanentally different, however, between CEA and ElA
is the larger scale and often, conplex pattern inherent in CEA as conpared to
EIA.  The conplexity of the pattern often arises from feedback relationships
of cause and effect anong the environmental conponents that occur on extended
scal es of space and tine. For sone CEA steps, such as bounding, only the
scales of space and tinme substantively change; yet for other steps,
fundanental | y-different methods are needed such as cause and effect nodeling.
In the anal yses of spatially-extended ecosystens, it is the indirect and
comunity effects which often assune major inportance in devel oping predictive
assessnents (Appendi x 8.2). Hence, the theoretical requirenents for
fundanmental advances in CEA demands that a nore holistic approach to pattern
be undertaken in contrast to ElA

4, Cumulative effects assessment shoul d be thought of as a process, not a
net hod per se. CEA 1s a framework for Tinking the conceptualization of
diverse types of information on fairly broad scales, with a central theme of
cause and effect. Mich of the U S. work in CEA is now ained at developing a
process, not a particular nmethod. As Appendix 7.3 denonstrates, the U S. has
compl eted a | arge nunber of case studies and has a | arge nunber of separate
agencies working on CEA.  Mich of the CEA activity in the US. was notivated
by specific references to cunulative effects in U S. |egislation. In Canada
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3.0 A FRAVEWORK FOR CUMULATI VE EFFECTS ASSESSMENT

Bui | di ng upon the assunptions discussed in Section 2.4, a framework for CEA
has been devel oped that involves the user first deciding whether or not there
is a cumulative effects problem Note that one of the namjor decision points
is whether or not the inpacts are expected to extend beyond the |oca

ecosystem W have assuned that one of the key CE distinguishing criteria
separating CEA fromEIA is the concept of the larger space and tine scales
inherent in CEA.  Second, if there is a cunulative effects problem the type
of causality it entails nust be identified. The subsequent ordering of the
steps that should be followed in the CEA process is outlined. For each step,

references are given to associated nethods

3.1 1s A Cumul ative Effects Assessment Needed?

Use the decision tree outlined in Figure 3.1 for deternining whether or not
there is a cunul ative assessnent problem and whether or not this Guide will
help to resolve it. The ends of the branches culmnate in three basic kinds of
decision: (1) Yes, use this Quide and the type of CEA problemis identified
as Type A, B, C D, (2) No, do not use this Quide: and (3) Perhaps this Quide
will be useful. In the third case, there is a borderline exanple and it nust
be studied further before passing through the decision tree again. Oten

careful * attention paid to Chapter 3.0 will help clarify whether or not
borderline cases can be resolved using this Guide.

In Figure 3.2, the basic characteristics of the four types (A-D) of cunulative
effects are described. For each type, the underlying mechani sm can be
periodic (time crowding),' synergistic (space crowding) or conbined (both) as
per the definition of CEs in Chapter 1.0.

The Type A cunul ative effects probleminvolves a large project that has

multiple activities and is proponent-driven. An exanple is the proposed
expansi on of the low | evel flying of NATO forces centered at Goose Bay,
Labr ador . The ecol ogy nust be studied at a regional |evel because the

airplanes- potentially affect an area nuch larger than the l[ocal ecosystem
Noi se and aci difying em ssions have been predicted to inpact wildlife, aquatic
resources, water quality and native peoples over large areas. Wth this type
of CEA, (Type A), one would expect the inpacts to radiate outward fromthe
focus of the project, the Goose Bay airfield, as it undergoes major
construction and operation activities during the expansion. The potentially
affected inpacted area is larger than many countries, and cunulative effects
have al ready been observed resulting fromthe interaction of jet em ssions and
| ong-range transport of atmospheric pollutants (LRTAP). A FEARO panel has

been convened to review the environnental inpact statement (EIS) for this
devel opnent.

In the Type B CEA, we are concerned with nultiple projects usually associated
with nultiple activities. The projects may or may not be of the sane kind.

Wth this type of CEA problem inpacts radiate out fromthe individual project
foci and can interact with each other, resulting in a diffuse and often

conpl ex spatial pattern. Mpj or waterways, estuaries and the Geat Lakes
provide a multitude of exanples of Type B CEA problens. |n this type of CEA
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Figure 3.1 Decision Tree for Answering the Question: Is a Cumul ative

Ef fects Assessnent Needed?
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* You may have a cumulative effects assessment requirement but you will
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enough to the generic ones listed in Appendix 7.1 for this Quide rtobe

applicable.
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Figure 3.2 Basic Characteristics or the Four Types (A,B.C,D) of cumilative

Effects (CE). For Each Type (A-D), Cunulative Etfects can be
Periodic, Synergistic or Conbined.
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the same proponent may have been involved in nore than one traditiona
assessment . Even if there have been nultiple assessnents of individua
projects with the same proponent, however, the inter-relationships anong the
assessnents have not been considered.

Type C and Type D CEAs |ack identifiable proponents. These types of CEA are
termed: "ecosystemdriven". In Type C, there has been a sudden and often
catastrophic event. Exanples include a large fire or other catastrophe where
the causality is obvious. Perhaps the origin of the fire is not known but
that the ecol ogical destruction was related to a major fire is obvious.

Anot her exanple occurred in Cape Breton, Nova Scotia, where spruce budworm
popul ations reached epidem c proportions and destroyed |arge expanses of
forest. Al though the inmediate causal |ink was obvious (namely, that the
spruce budworm destroyed the forest), the underlying cause and effect and the
role of humans have been nore elusive factors. Controversy remains on whether
or not spraying.is the preferred nmanagement option. H story suggests there

may be long time scales of the order of decades related to these insect
out br eaks.

In Type D, there has been noticeabl e and broad-scal e environnental
deterioration. This deterioration mght result from one or many human
activities and devel opments, but usually the causality is unknown. In
identifying the acidic deposition problem for exanple, it was initially
noticed on a large regional scale that many |akes that had supported fish
popul ations in the past no longer supported fish, or that if fish existed in
these environnents, species diversity was nuch reduced and particul ar species

had becone locally extinct. It was later discovered that the fish were dying
or failing to reproduce because of the |ow pH of the | ake water which was
subsequently linked to atnospheric em ssions from industrial sources in

central Canada and the U S. As with the "proponent-driven" types of CEA the
"ecosystemdriven" types include very large spatial and tenporal scales
involving both an identifiable focus (Type C) and a diffuse pattern (Type D).

As with any characterization Or typology of a set of conplex problens, this
separation of all CEA problens into four basic types is oversinplified. The
typology holds for a | arge nunber of exanples, but there will always be
intermediate types. This typol ogy, however, gives the assessor an initia

point to identify and begin a cumulative effects assessnent. As menti oned
earlier, the fundanental tenets of cumulative effects assessment are: (1) that
the causality is conplex, and yet, it rmust be unraveled in an understandabl e
way, and (2) the spatial-tenporal scales and patterns are extended beyond that
of the local ecosystem Most assessors are not trained to understand
causality on such extended spatial-tenporal scales. |n the next section, we
build upon the four basic types of CEA given above and describe the basic
networks of cause and effect associated with each type.

3.2 Characterizing the Type of Causality

In Figure 3.3, the conceptualization Of cause and effect in traditiona

environnmental inpact assessment is illustrated. First, there is some sort of
human activity and/or devel opment which is termed the primary cause (1°C).
This activity causes a prinmary change (1°E) in the environnent.  This change
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‘ § Figure 3.3 Ceneralized Mdel of Environmental |npact.
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in the environment, in turn, becones a secondary cause (2°C) when it interacts
with a Val ued Ecosystem Conmponent (VEC) to cause a secondary effect (2°E)
which is an inpacted VEC. In order for there to be an inpact, there nust be a
change in the environnent which interacts with a Val ued Ecosystem Conponent to
a sufficient degree to change the VEC in either a positive or negative way.
[Note: throughout the Quide, we use the term Valued Ecosystem Conponent to
indicate a broader range of environmental conponents (both biophysical and
soci o-econoni¢) than intended by the originators of the concept (Beanlands and
Dui nker, 1983)]. They defined VECs as those conponents that would be
identified in a social scoping. In the Quide, we include all conponents that
have intrinsic value to humans, ecosystemintegrity, etc.)

The causality portrayed in the nmodel in Figure 3.3 is the sinplest that can be
described for traditional inpact assessnent, which is usually proponent-
driven.  Qoviously, there is also some artificiality involved in this inpact
nodel . The del i neation of the environnental changes from VECs is a human
construct, not one of nature; thus, what mght be a mnor change in the
environnent to one assessor mght be a major shift in a VEC to anot her
assessor. In traditional inmpact assessnent, however, this basic nodel has
been used repeatedly. In sone EIAs the inpacted VEC is predicted w thout
showing the intervening steps in the causal chain. In other assessnents, a
matrix mght be used giving nunerical scores to magnitude, inportance and
probability of inpact. The degree to which the'VEC will be affected by a
change in the environment will depend on the overlap of spatial and tenpora

bounds, the degree of exposure of the VEC, and its sensitivity to the
particular environmental change. Note that in this nodel, the causality is
di agramred as one-way and sequenti al . In an ecol ogi cal system the VEC and
the environmental change would, thenselves, be part of a nore conplicated form
of causality. The VEC might be an inportant species, such as a salmon, which
woul d be a component of a food web. Li kewi se, human activities are often
interrelated in conplex causal webs. To understand causality in ecol ogica

systens, it is always necessary to use nodels to sinplify the essence of cause
and effect. The key problemis to capture the essence of causality with a
m ni mum of |i nks. Lane (1986a,b) and Lane and Wight (1986) described how
this could be done for a coastal marine conmunity undergoing multiple
perturbations (Appendix 8.2).

In Figure 3.4, each of the basic types of cunulative effects assessnent
problems are diagranmed using the reasoning in Figure 3.3. For each CEA Type
(A-D) there are environnental changes and Valued Ecosystem Conponents,
however, there are differences in the basic patterns of causality. For Types
A and B, the flow of causality is fromthe left to the right of the page. For
Tﬁpe C, causality goes in both directions. The assessor may w sh to deduce
the primary cause of the catastrophe or predict the future effects. In Type
D, nost of the causality flows fromthe right to the left of the page.
Essentially, when we reason fromthe specific to the general, or the parts to
the whole, we are using inductive reasoning as shown for Types A and B. \\hen
we reason from the general to the specific, we enploy deductive reasoning such
as shown in Type D. Type Cis an exanple of both inductive and deductive
t hi nking since causality flows in both directions. Insofar as possible, al
four types of CEA are illustrated using sinple straight line causality.
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Figure 3.4 Basic Types of Causality in Cunulative Effects Assessnents. Types
A and B Enmpl oy Inductive Reasoning and Type D Uses Deductive
Reasoning. Type C Involves Both Inductive and Deductive
Reasoni ng. Y Indicates where Assessment Begi ns.
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Figure 3.5 Interrelationships of Myjor Cunulative Effects Problems by
Ecosystens as ldenified in Appendix 7.1.
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True causality in the natural world is seldomthis sinple. First, for any
particular set of boundaries we would like to use in a CEA there is probably
nore than one cumul ative effects problem occurring. In Figure 3.5, the basic
kinds of CE problem (described by region in Canada, in Appendix 7.1). are
shown by interrelated ecosystems. ~ Using this diagram it is clear that a
| arge nunber of CE problens potentially occur in the sane space and tine and
contribute to overall environmental deterioration. |f one chooses to conplete
an assessnment only for area X on the acidic deposition problem one nay
delete the causal links related to the Val ued Ecosystem Conponents associ ated

with other CE problens. Under particular circunstances this action is
| egitimate. For exanple, the deleted links mght be considered to have a
mnimal effect, or logistical support mght not be available for a |arger
assessnent. It is always preferable, however, that the CE assessor carefully

note what is and what is not being included in the assessnent and deternmine if
an omssion will affect the final conclusions of the assessnents.

In Figure 3.6, all four types of CEA (diagramred in Figure 3.4) are conbined
into a single figure. It becones clear that where the assessnent begins in
the pattern of causality differs with the four types of CEA problens. In
Types A and B, the assessor starts with the human activities and devel opnents
and works forward to predict what will happen in the future. In Types C and
D, the assessor works backward to determ ne the causes of the present state of
the environment. Illustrated also in this figure are the |ocations of
potential feedback (F) in the causal network. Feedback may be in terms of

human activities (H), environnental changes (E), and Val ued Ecosystem
Conponents (V).

For exanple, F, mght arise fromthe interaction of the narketplace driven by
the profit notive and an electric conpany's goal to supply cheap power. The
conpany 'does not install scrubbers and its power plants rel ease tons of
acidified atmospheric pollutants (NO and SO ). These em ssions |lead to
changes in aquatic environments and initially a lowering of pH in |akes and
rivers. Through F;, the |owered pH val ves change the solubility conditions
for heavy nmetals such as alumnum  This causes aluminumto go into solution
and becone available to various groups of aquatic organisns. At high
concentrations, alumnumis toxic to the organisns and can conpound the
existing stress related to the acidity. One of the VECs in this environnent

m ght be a sport fish species. Because of the change in pH and al um num
toxicity, conpetitive relationships mght change anong fish species in the
foodweb. Lowered reproductive success of the VEC of interest, and concurrent,

hi gher predation on its young from another fish species that was conpetitively
superior to the sport fish would constitute F, relationships. | ndeed, nost
foodwebs have strong feedback relationships with and without the perturbations
related to cunul ative effects. As explained in the CEA framework assunptions
(Section 2.4). the ecol ogi cal nechanisns of the inpact eventually operate at

the level of the l|ocal ecosystem and can involve even |ower |evels of
bi ol ogi cal organization such as physiological, and behavioral and biochenical

levels. What is different with acidic deposition, as conpared to heavy neta

toxicity or excess acidity shown for a single lake, is its large-scale spatial

pattern which enconpasses a |arge number of individual |akes.
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Figure 3,6 Summary of Causality and Feedback for All Four Types (A-D) of
Cumul ative Effects. Solid Arrowheads Indicate Direction of
I nductive Reasoning and Dotted Arrowheads Show the Direction of

Deductive Reasoni ng.
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In addition to the feedback within human activities or environnental changes
or VEC's, there are also feedback relationships between pairs of these
conponents.  Environnental managers might act to regulate a particular type of
human activity or devel opnent as soon as environnmental change is observed and
before the VECs undergo a negative inpact. Li kewi se, environnmental changes
can lead to changes in VECs that, in turn, change their behavior or
physi ol ogi cal patterns which, in turn, lead to subsequent ecological change

Wen a VEC is noticeably affected, however, is usually the tinme when
environmental managers influence human activities so as to lessen their
negative consequences. These feedback |inks may be one- or two-way. They

represent an inportant class of control mechanisns and options that mght be
available to the manager and regul ator.

The concept of feedback and hence interconnection at extended spatial scales
is the quintessential concept in cunulative effects assessment. The essence
of conducting good cunul ative effects assessments is to identify the |ocations
and strengths of the key feedback relationships at the appropriate scale.

This is not easy to do, and no precise prescription can be witten that wll
guarantee success for every CEA.  Mich of the conplexity, however, in CEis
bound up in these extended feedback relationships. It is inmportant to note
that cunulative effects thenselves are not fundanentally different from those
effects that occur in local ecosystens: reproductive capacity nay be
di mi ni shed, feeding behavior may be altered, individuals may die, a |ake may
acidify, profit may decrease, a way of life mght change irreversibly, or a
social value nmay be lost. \Wat is different are the patterns of these changes
on a regional scale over longer periods of tinme. In addition, since many of
these inpacts are cumulative in a nmultiplicative way, there may be
irreversible or sudden environmental damage before the environmental managers
have time to respond appropriately. This is coupled with the fact that snal

changes locally, that are usually ignored, nmay have severe cunulative and
regional consequences.

Failure to account for feedback even in its sinplest formis evident in the
wayt he Beaufort Environmental Mnitoring Program (BEMP) was conceptualized
(Figure 3.7). BEM represents one of the nost organized efforts to conduct
assessment and .develop rational nmonitoring plans on a regional level in
Canada. In many ways, it has been a precedent-setting process. Al though BEWP
has been criticized for enploying untestable hypotheses as the centra

theoretical construct in the program BEMP can also be criticized for
enpl oyi ng causal explanations that are too sinplistic in framng hypotheses.

Overall, BEWMP is equivalent to a Type B cunulative effects problem Miltiple
activities nostly related to oil and gas production in the Beaufort Sea are
hypot hesi zed through inductive reasoning to affect on a set of VECs.
Approxi mately twenty hypot heses have been framed and are in use today.

In Figure 3.7, the BEMP conceptualization is conpared to one that nore
realistically includes feedbacks. Mst of the VECs identified are popul ations
of aquatic organi sns or higher organisms: mamuals, birds and fish. Al are
interrelated in the aquatic foodweb. A set of hypotheses that predicts
changes in isolated VECs that are in reality intimately interconnected cannot
succeed. W know from network theory that even a single feedback | oop
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strategically positioned in a network of cause and effect can lead to
unexpected and even counterintuitive results (Lane and Levins, 1977).

Mbst environnmental managers have an intuitive grasp of the counter-intuitive
aspects of ecol ogical systemns. For exanple, pesticides kill insects in
| aboratory bottles but often fail to control themin nature. Wy is this? It
IS not because we have observed an incorrect physiological response in the
| aboratory but, rather, the diverse feedbacks in ecol ogical systens can result
in an increase in pests where the physiology predicts a decrease. There are
many ways this coul d happen. For exanple, the pesticide may have killed the
predators which are slower growing than the prey pest of interest. Released
from predation, the pest species may have increased in nunbers even though
sone individuals were killed by the pesticide. Likew se, when nutrients enter
a lake, there may be large blue-green algal blooms and subsequently, |owered
concentrations of nutrients. In this case, the turnover rate of the nutrient
pool has increased greatly whereas its concentration observed at a single
time, has decreased. None of these ecol ogical observations negate the
physi ol ogy upon which they are based. In a conplex systemw th feedback,
however, many physiol ogical truths become ecological nyths (Lane and Levins
1977).

These exanples illustrate the inportance of feedback in environmental systens.

They al so denonstrate that the choice of a suitable |evel of organization and
scale to study an environnental observation or to predict inpacts is all-
inportant. "An unsuitable choice leads to great difficulty in characterizing
the mninal causality needed for understanding and predictive accuracy. Just
as the physiological level is not appropriate to understand the |oca

ecosystem the local ecosystemis not adequate to understand events at a
regional |evel. This is not to say that physiological information (in the
first case) and |ocal ecosystem understanding (in the second case) are not

useful.  Such understanding is not only useful but often necessary. \at is
enphasi zed, however, is that information at |ower levels of organization and
scale is often not sufficient to explain behavior at higher |evels. If one
knew everyt hing about chem stry and physics it would still not be possible to
wite the equation for life. The essence of organization of living systens is
not wholly contained within the sciences of chenmistry and physics.

Fundanental |y different types of system behavior, that are not totally
subsuned and apparent at |ower levels, energe at higher levels in a hierarchy.

3.3 Steps in the CEA Process

Because of the conplexity of nobst CEA problens and because there are so nany
separate activities that nust be conducted to conplete a CEA no single set of
met hods can be presented as the nethod for "doing cumulative effects
assessment". Mre realistically, CEA should be thought of as a process of

several steps. For each step, there nmay be several specific nethods that
coul d be employed. There is no single right method for any particular step.

The process varies in the organization and ordering of steps for the four
types of CEA. It is possible to discrimnate two processes: one where the
goal of the CEA is nostly a bottomup, inductive reasoning process (Types A
and B); the other where it is a top-down, |argely deductive reasoning process
(Types C and D). Note Types A-D were illustrated in Figure 3.2. The naj or
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steps for the bottomup process are given in Table 3.1 and for the top-down
process in Table 3. 2. It is assunmed before using either Table 3.1 or 3.2,
that Figure 3.1, the CEA decision tree, has been used and the assessor has
reached one of the four termnal branches that states that the CEA Reference
GQuide for Type A, B, C or D should be used. If any other termnal branches
are reached, the assessor should not proceed in this Guide.

Step5in Table 3.1 and Step 6 in Table 3.2 relate the CEA diagramillustrated
in Figure 3.6. Because this diagramsummarizes all four types (A-D) of CEA
probl ens, the diagram appears nmore conplicated than it is. For types A and B
use only the solid arrows, and for types C and D the dotted arrows. By
constructing the diagram system understandi ng can be focused regardl ess of
whether there is a single or several assessors. Alternative diagrans can be
used if there is disagreement on the key casual |inks.

A detail ed discussion of the other steps is not given here. Many are self-
evident and |ogical extensions of steps used in traditional environnental
I npact assessnent. In Volume Il (Wallace and Lane, 1988) the cumul ative
effects problem of the prairie wetlands is described using the decision tree.
It is a Type D problemand we illustrate how the CEA process can be applied.
This concrete exanple is nore helpful to the assessor than a hypothetica
di scussion of the steps. Since both the bottomup and top-down processes have

many steps in common, a single exanple such as the prairie wetlands can be
used to illustrate both processes.

Both inductive and deductive thinking is used in understanding the natura

world: neither node is superior to the other. Scientists, for exanple,

routinely use both. As a gross generalization, however, these changes that
occur in the environnment that are basically chemcal (toxic chemcal pollution
in the Geat Lakes) will necessitate a nore conplex set of feedback
rel ati onshi ps for conceptualization than will those changes that are largely
physical such as habitat fragmentation. Li kewi se, often those changes t hat

are mainly of a physical nature can be indicated placed on nmaps nore
successfully than can chenm cal changes

For the bottomup process, where there is an identifiable proponent,
devel opnent or set of developnents, the initial scoping of Step 1 and the
bounding of Step 2 could be greatly facilitated if there were fornal
arrangenents for CEA in the federal regulatory and assessnment practices. In
the recommendations given in Chapter 5 .0, we suggest that there should be at
| east five CEA boards, one for each region of Canada. I f such boards were
fornmed, it is envisaged that they would have changing nembership as the need
arose, but the core nenbership would represent the best expertise available on
the key CE problens of a particular region as well as the necessary blend of
jurisdictional and institutional interests. One of the roles of the board
woul d be to identify key cunulative effects problens and set regional
environmental standards and nonitoring programmes to ensure that CE Were being
moni tored, managed and predicted adequately. Thus, there would be certain
goal s established by region and a system of environnental planning initiated.
Jurisdictional and institutional arrangenents would need to be adjusted to
acconmodate this initiative. When proponents wi shed to begin a new
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devel opnent, it could be screened against the backdrop of regional cunulative
effects.

[f there is not to be a fornalized systemnor identified regional goals for

environmental quality and resource managenent, then it wll be exceedingly
difficult to have proponents account adequately for cunulative effects. First,

it mght not be in their interest to do so; and second, it would be difficult
for themto have a sufficient regional overview and CE understanding to
conplete a satisfactory CEA even if they were notivated to do so. Usually for
a proponent, the goal is to pass the regulatory hurdles and to pose no direct
threat to the environment in spatial-tenporal dinensions which are as small as
and as circunscribed as possible. QG her human activities inpinging on that
bounded area are given little direct consideration except insofar as they form
part of the environnental description or if there is sone direct way in which

they m ght inpede the devel opnent (both construction and operation). This
process could be radically altered and inproved with an integrated regiona
envi ronmental planning and CEA process in effect. If there is not to be a

formal i zed approach that integrates regional environmental planning and
assessnent capabilities successfully, it would appear that the best that could
be achieved is a reactive approach that hastily organizes an ad hoc solution
whenever a particular cunulative effect problem becones intolerable.

Even di sregarding the environmental damage that will result from continuing
our present reactive approach, it is probable that if |ong-term economc
i ndi cators could be enpl oyed they would show the true econom c cost related to
CEs, then the political unit could be better notivated to conbat CEs.

34 Selecting the Analytical Methods

For both the top-down and bottomup CEA process, a selection of analytica
met hods for each step is given in Table 33.For some steps, there is only a
single nethod listed; for other steps, several nethods are given. Oten the
sel ection of a nmethod will depend upon the |ogistical base available to the

assessor. For many steps, in either the top-down or bottomup process, a
wor kshop or other collective format can be used to inplenent the method. In
other steps, a single assessor might work alone. In Table 3.4, the logistica

base using criteria of budget, data set, and intensity of assessment effort,

Is contrasted for space crowding (synergistic), time crowding (periodic) and
conbi ned types of CEA probl ens. In each category, the preferred nmethods are
directly related to the degree of feedback in the system requiring
characterization. For | ow feedback CE problens, wusually less elaborate and
| ess costly nmethods are needed. Loop analysis is the nobst appropriate nethod
of characterizing hi gh feedback CE probl ens. The net hod centers on the
characterization of feedbacks and cause-effect pathways. If there are few
data, then hypothetical |oop nodels (Type 1) should be used; and if there is
an appropriate data base, Type 2 nodels are recommended. An ecosystem 20-25
vari abl es can contain thousands of pathways of effect and nmany hundreds of

f eedbacks. W know of no other nethod than enunerates these pat hways and
feedbacks in terns of ecol ogically meaningful predictions.

Table 35contains a listing of the nethods used in CEA by basic type.
Rel evant exanples of each type are described in Appendix 81 |oop analysis
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is described individually in Appendix 8.2, because it is presently the best
met hod for characterizing ecol ogi cal feedback and it is not w dely understood
al though there are approximtely 40-50 references to it in the literature. In
addition, several methods listed in Table 3.4 were developed in the United
States and are also described in Appendix 7.3. For consensus buil di ng
net hods, see Section 4.3. References to all methods are listed in Chapter
6.0, Bibliography.
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Table 3.1 Steps in a CEA for the Bottom Up Process Needed for CEA Types
A, B and Sone Portions of C

Figure 3.1 should be used to determ ne type of CEA problem before using this

Tabl e.
STEP ACTIVITY
i 1 Scopi ng (define questions, i1ssues, potential detail of analysis,

CEA goal s and | ogi stical support).

2 Boundi ng (define universe of human activity, potentia
environnental change, VECs, institutional and jurisdictiona
boundari es).

3 CGo through Figures 3.2 - 3.5 to establish comon basis of
under st andi ng.
. 4 List human activities, environmental changes, and VECs.
. 5 Prepare a forward CEA diagram (solid arrows) in Figure 3.6
t
]
4 6 Deci de on the |ocation and amount of feedback
(FH’ FE ’ FV’ FHE ’ FHV' FEV)
7 Deci de on the CEA problem as one of space crowding

(synergistic), tinme crowding (periodic), or conbined (Table 3.4).

8 Select the analytical tools and performthe analysis to
determne the predicted state(s) of the environnent (Tables 3.3

and 3.4). (Characterize al so the |evel of uncertainty
associated with the predictions.)

9 Di agram predicted qualitative states

10 Decide if the future states are acceptable, have potential to be

mtigated, or are not acceptable and a way to alter causality in
CEA diagram nust be found

11 Expl ore nmanagement options, design strategy, and nmake
reconmendations (including additional data collection, ppre
sophisticated analysis, environmental effects nonitoring, post

project audits, socio-economc adjustnents, institutional and
jurisdictional adjustnents, etc).

12 Repeat steps 4-12 if additional scenarios of potential human
activities are hypothesized to occur in the future and decisions
need to be made concerning equitable division of the regional

; ecosyst em
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Table 3.2 Steps in a CEA for The Top-Down Process for CEA Types C and D

Figure 3.1 should be used to determne type of CEA problem before using this
Table. (Note: If you have a CEA Type C probl em and the cause of the sudden
event or catastrophe is well understood, you will need only the inductive
approach described in Table 3.1.)

STEP ACTIVITY

1 Scoping (define questions, iIssues, potential detail of analysis,
CEA goal s and | ogistical support).

2 Boundi ng (define spatial-tenmporal universe of concern for
observed environnmental deterioration, institutional and
jurisdictional boundaries).

3 Gothrough Figures 3.2 - 3.5 to establish comon basis of
under st andi ng.

4 Di agram known changes in qualitative state of human activities,
envi ronmental changes, and VECs.

5 Li st unacceptable and worrisone trends

6 Prepare a backward CEA Diagram (dotted arrows in Figure 3.6).

7 Identify all human activities that should be included in the
diagram and establish hypothetical [inks.

8 Deci de on the location and amount of feedback
(FH' FE’ FV’ FHE’ 1:‘HV' FEV)'

9 Deci de on the CEA problem as one of space crowding

(synergistic), time crowding (periodic), or conbined (Table 3.4)

10 Sel ect the analytical tool and performthe analysis to
determ ne the causes of the observed environmenta
deterioration (Tables 3.3 and 3.4). (Characterize al so the
| evel of uncertainty associated with the causes.)

11 Expl ore nmanagement options, design strategy, and nake
recommendations (including additional data collection
nore sophisticated analysis, environmental effects nonitoring,

postproject audits, socio-economc adjustments, institutional
and jurisdictional adjustnents).

12 [f you have a Type D CEA probl em assune corrective
adj ustnents and prepare a forward CEA Diagramto project
whet her future states of the environment are predicted to be
acceptable or not.

13 Repeat steps 7-13 if additional scenarios of potential human
activities are hypothesized to occur in the future and if

decisions need to be made concerning equitable division of the
regional ecosystem



bhs o

frvres e

.

[l *“j

Puascanna

ol

]

PRI

Tabl e 3.3 Some Suggested (Types) of Methods For Each Step in the CEA
Process: Bottom Up Approach, and Top-Down Approach. (Refer to
Appendi x 8.1 for a description of each type of nethod.)

Bot t om Up Appr oach

Step Met hod

1 ad hoc

2 mappi ng, overlays, sone sinple nodels and cal cul ations

3 use existing guide matrices and networks (Figures 3.2 - 3.4)
4 checklists

5 network (using existing guide format, Figure 3.5)

6 ad hoc networks, |oop analysis

7 mappi ng, overlays, graphical nethods, trend anal ysis

8 ad hoc mapping matrix, |oop analysis, conmputer sinulation
9 mappi ng, overlays, graphical nethods, trend analysis
10 ad hoc

11 ad hoc, consensus building

12 sane-as steps 4-12 above

Top- Down Appr oach

Step Met hod
1 ad hoc
2 mappi ng, overlays, sone sinple nodels and cal cul ations
3 use existing guide matrices and networks (Figures 3.2 - 3.4)
4 checklists
5 checklists
6 network (using existing guide format, Figure 3.5)
7 checkl i st and network
8 ad hoc networks, |oop analysis
9 mappi ng overlays, graphical nethods, trend analysis
10 ad hoc, mapping matrix, loop analysis, conputer simulation
11 ad hoc, concensus buil ding
12 netwerk (using existing guide format, Figure 3.5)

13 same as steps 7-13 above
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Table 3.4 Selection of an Analytica

Tool

Once the CEA diagramis constructed as shown in Figure 3.6, levels of |ow and

hi gh feedback can be determned by the amount of

di agram
1. Space
Crowdi ng

Low Feedback

H gh Feedback

2. Time G owding

i nterconnection in the

Low Feedback

H gh Feedback

3. Conbi ned

Low Feedback

H gh Feedback

cause/ ef f ect

| oop analysis
(Type 1)

(ad hoc)

trend analysis
mappi ng
cause/ ef f ect

| oop analysis
(Type 1)

trend anal ysis
back step

anal ysi s
cause/ ef fect

| oop anal ysis
(Type 1)

(ad hoc)

back step

anal ysi s
mappi ng

trend analysis
cause/ ef fect

Logi stical Base
Short Term Effort, Long Term Effort,

Low Budget, Small Data Set  H gh Budget, Large Data Set
Type A&B Type C & D Type A & B Type C& D
(ad hoc) (ad hoc)
mappi ng mappi ng geogr aphi c geographi c
cause/ ef fect back step I nformation I nformation

anal ysi s system system
cause/ effect  nodeling model i ng

| oop analysis" loop analysis |oop analysis |oop analysis
(Type 1) (Type 1) (Type2) ~ (Type 2)

conputer sinu- conputer sinu-
lation | ation

(ad hoc) (ad hoc)

forecasting
risk analysis
model i ng

forecasting
risk analysis
model i ng

| oop anal ysis | oop analysis

(Type 2) (Type 2)
conputer S| Mu- conputer S| M-
[ ation [ ation

risk analysis

_ risk analysis
model i ng

model i ng

| oop analysis |oop analysis |oop analysis

(Type 1)

(Type 2) (Type 2)
conputer S| Mu- conputer S| M-
[ ation [ ation

"Loop Analysis Types 1 and 2 are explained in Appendix 8.2
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Tabl e 3.5 Summary of References (1-9) Used |n Appendi x 8.1, Plus Ref erences
for Three Additional Categories: Loop Analysis, Trend a
For ecast i ng, and Risk Analysis Methods (10-12). Ref erences are
listed in Chapter 6.0.

Met hod Ref er ence

.

[ RS

R

L..:.*. R

PO

1) ad hoc

2) checklists - Armour, C. L., RJ. Fisher and J.W
Terrell, 1984

- Battelle Col unbus Laboratories and
M dwest Research Institute, 1979.

- Bloom S A, 1980.

- Canter, L.W, 1981.

- Center for Wetland Resources, 1977.
Contant, C K and L. Otalano, 1985.
Danmes and More, Inc., 1981.

- Dee, N, J.K Baker, N L. Drobny, KM
Duke and D.C. Hanringer, 1972.

- Bverett, S.J., 1978.

- CGeppert, RR, C W Lorenz and A G
Larson, 1984.

- Hydropower Assessnent Steering Conmittee,
1983.

- | NTASA, 1981a,b.

- Leopold, L.A, F.E dark, B.R Hanshaw,
and J.R Bal sley, 1971.

- Mason, WT., Jr., 1979.

- Oscar, Larson, and'Associates, nO date.

- Sassman, RW and R M Randall, 1977.

- US Arny Corps of Engineers, 1980.

3) matrices Bl oom S. A, 1980.

- California Energy Commi ssion, 1982.
- Colorado Departnment of Health and U. S

- Reed, RM, J.W Wbb and G F. Cada, 1984.

Environmental Protection Agency, 1981.
Denver Research Institute and Resource
Pl anni ng Associ ates, 1979.

Fi nsterbusch, K., 1977.

Hrst, SSM, 1984a,b.

Maryl and Departnent of Natural Resources,
1982,

Roy F. Weston, Inc., 1978.

Canter, L.W, 1981,
Contant, C. K and L. Otalano, 1985.
Dames and More, Inc., 1981,

Glliland, MW and B.D. dark, 1981.
| NTASA, 1981a,b.



Table 3.5 (cont'd.)

Met hod Ref erence
3) matrices (cont'd.) - Kane, J., |. Vertinsky and W Thonpson,
1973.

- Leopold, L.A, F.E dark, B.B Hanshaw,
and J.R Balsley, 1971.

- Roy F. Wston, Inc., 1978.

- Sorenson, J.C., 1971.

- Streeter, R, R More, J.J. Skinner, S. G
Martin, T.L. Terrel, W Klinstra, J.J.
Tate and MJ. Nolde, 1979.

- Yorke, T.A , 1978.

4) network - Armour, C L., RJ. Fisher and J. W
Terrel |, 1984,

- Armour, C. L., 1986a,b.
Bain, MB., J.S. Irving, RD dsen, EA
Stull and GW Wtmer, 1985a,b,c.
Canter, L.W, 1981.
Caswel |, H., 1976.
Coul l ard, D., 1984,
Glliland, MW and B.D. dark, 1981.
Sorenson, J.C., 1971.

5) overlays - Col orado Departnent of Health and U S.
Environmental Protection Agency Region
VIII, 1981.

- Dickert, T.G and A E Tuttle, 1985
- Fabos, J.G, CM Geene and S.A Joyner,

Jr., 1978,

- Kinball, T.C., A Patel and G A Yoshi oka,
1982,

- Lumb, A M, 1982a,b.

- McHarg, | ., 1969.

- U S Department of Interior, Bureau of Land
Managenent, 1977.
- Wnn, D.S. and K. R Barber, 1985.

6) nodeling procedures - Boreman, J., C. P. Goodyear and S.W

Chri stensen, 1978.

Canter, B., 1986.

Caswel |, H., 1976.

Center for Wetland Resources, 1977.

Coats, RN and T.O Mller, 1981.

Contant, C.K. and L. Otalano, 1985.
Darnell, R M, 1973.

Everett, S.J., 1978.

Federal Energy Regulatory Comm ssion, 1984,
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4.0 CONCLUSI ONS AND RECOMMENDATI ONS FCR CEAM | N CANADA

Several conclusions and recommendations for the general CEA devel opnent in
Canada are grouped below in three categories:

1)
2)

Devel opment of CEA Approach and Process,
Jurisdictional and Institutional Concerns, and

3) Consensus Bui | di ng.

4.1 Devel opnent of a CEA Approval and Process

Concl usi on:

Devel opi ng a practical CEAM approach and process and finding ways to
i mpl ement CEAM *nay be the single best way to preserve environnenta

quality in Canada. It is feasible for Canada to develop its own CEA
process and conceptual framework as described in this Guide. The
ordering of the steps in the process relate largely to the CEA
assessor's point of entry in the CE cause and effect network. The Qide
essentially provides the broad outline of a practical CEA process; there
is still nuch to do to supply the user with detailed, custom designed
met hodol ogi es for particular steps in the process. It is inportant that
the process, individual methods and case studies (applications) develop

in an integrated fashion. It would be desirable to develop a
col | aborative CE nmethodology with U'S. workers.

Recomrendat i ons:

1)

Case Studi es: There should be at least two case studies inplenented
that would typify the top-down and bottom up CEA process outlined in the
Quide. The wetlands of the boreal agricultural fringe of the Prairie
Provi nces probl em di scussed here as a Feasibility Study in Volunme Il
(Wallace and Lane, 1988) is a top-down (ecosystemdriven) CEA problem
with little ecol ogical feedback through its domi nant features of habitat
fragmentation, hunting and natural predation, spatial patchiness and
physical alteration. There are, however, sone key feedback
rel ationships at the socio-econonmic and institutional |evels. In this
study, population risk nodeling would facilitate the nmeaningful
integration of the diverse pieces of ecological data which could then be
conmbined with causal network analysis of the socio-economc
institutional and jurisdictional valuables.

The second case study should be a bottomup (single to nultiple)
proponent-driven CEA problem that involves an inportant aquatic
resour ce. Thi s exanpl e shoul d be characterized by chemical pollution
whi ch woul d involve ecotoxicological effects throughout the pjologica

hierarchy (individual, population and ecosystem) resulting in diverse
ecol ogi cal feedbacks.

It is inportant for both case studies, that nultiple user groups are
identified and that there is enough public interest involved to warrant
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2)

giving major attention to the problem One possibility for the aquatic
study would be Georges Bank where there is presently a great deal of
controversy surrounding hydrocarbon exploration. Thi$ exanple also has
interesting jurisdictional and institutional ramfications. Anot her
wor t hwhi | e exanple would be the plight of the Atlantic salnmon in the
Maritime Provinces in regard to acid deposition and other inpacts.

Met hodol ogi cal Devel opnent: I ntense devel opnent is needed to understand
how causal ity and feedback operate in spatially and tenporally extended
regi onal ecosystens and to detail this understanding in a practical form
for users. If we cannot learn to identify the strong feedbacks and
basic qualitative structures of these systems, we will always be at the
mercy of Murphy's Law (anything that can go wong, will go wong) and
its corollary (the thing that can do the worst damage, wll inevitably
happen first). Mirphy's Law is the downside of mddle nunber system
probl ens. Murphy's Law is applicable to nany areas of human endeavor
and human activities within ecosystens have provided a long [list of
exanpl es supporting its validity.

The basic qualitative structure must include the human activities, the
environnental changes, the VECs and their feedback within and between
these sets of conponents. In addition, the biophysical part of the
structure cannot and should not be separated fromthe socio-economc,
jurisdictional and institutional conponents. Key areas of feedback,
points of natural and human control, as well as basic |Iinks may
i nfluence the dynamcs of the system being assessed. A well-intentioned
and even reasonabl e managenent edict positioned in a particular part of
the network can actually lead to the deterioration rather than the
I nprovenent of the ecosystemor species the edict is meant to protect.

The main causal network technique (loop analysis) that is recormended is
based upon feedback rel ationships among a set of interacting variables.

Many other types of qualitative techniques can only represent one-way
causality and thus much of the feedback needed to understand CE is
I gnor ed. Al t hough | oop analysis has been mainly devel oped for |oca

ecosystem applications, its use should be extended to CE-type problens.

Strongly quantitative nodeling approaches should only be inplenented
after the qualitative structure and | evel of feedback are understood.

Once devel oped, |oop nodels can be transfornmed into conputer sinulation
model s by a conpetent nodel er. Loop analysis nodels have an advantage
in that they can be used with and wthout data. Variables need not be
in the same units. An environnental nanager or a habitat protection |aw
can be placed in the same network occupied by a cari bou popul ation
wi thout converting everything to grans of carbon or kilowatts of energy.

These nodel s can be used by the mathenatical |y unsophisticated, and they
are inexpensive. Loop nodel s are al so very hel pful in guiding data
collection and fram ng inpact predictions. NMst of the other methods

listed in Chapter 3.0 need only minor revisions to be used in the CEA
process.
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3) Integration of Regional Planning and Assessnent Capabilities: At
present, regional environnental planning and environnental assessment
capabilities are usually not possessed by a single individual to a
sufficient degree to achieve successful integration of the two subject
ar eas. Pl anners and ecol ogi sts often have very different acadenic
backgrounds and types of professional experience. There needs to be a
concerted effort to develop training programs for CEAM that are either
totally new or that augment existing environnental studies prograns in

Canada. In addition, workshops are needed preferably focused upon case
studies that will facilitate the integration of planners and assessment
speci al i sts. Results from these workshops and other collaborative

efforts can be used to develop curriculum materials for a variety of
purposes related to training and education for CEAM

4) Logistical Considerations: First,.a software package for guiding a user
t hrough the CEA process and the basic qualitative nodeling should be
devel oped. Second, there should be inmproved and 'nore organized
i nformation exchange between the devel opers of the CEA process in the
United States and Canada. W have nuch to learn from each other.

4.2 Jurisdictional and Institutional Concerns

Concl usi on:

The jurisdictional and institutional systems in Canada are not adequate
to deal with the multitude of CEA problens identified in Chapter 3.0 and
Appendix 7.1. Even when the regional ecology is well understood, the
problemis not always solvable because of the jurisdictional and
institutional barriers. The acid deposition problemis a good exanple
of this. Any meaningful CEA process nust contain steps that guide a
user through a typology of these barriers and a set of options for
dealing with them This was outside the Terns of Reference of the
present Reference Quide. An assessor needs to be able to identify the
feedback associated with jurisdictional and institutional concerns that
m ght enter the dynamics and qualitative structure of the ecosystem

under assessment. New arrangenents for CEAM should be explored at the
federal and provincial |evels.

Recommendati ons: '

1) Met hodol ogi cal Devel opment: A separate study should be conmissioned to
develop the above typology and study potential feedbacks of
jurisdictional and institutional actions wth the environnent including
both its socio-econom ¢ and bi o-physi cal conponents. Reconmendat i ons
shoul d be made to nmodify the Canadian CEA process to include steps to
guide the user through the nyriad of potential problens and nanagenent

options. These reconmendations should be tested in the case studies and
i mproved as necessary.

2) New Arrangenents: One reason that the U S. workers have placed nmuch
more enphasis and effort on CEAM than have their Canadian counterparts
is the fact that the U S. included cumulative effects in key |egislation
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early in their EIA history. Athough Canada may be behind the U S. in
formal efforts, We are still ahead in that we have fewer people, smaller
CE problens, |ess bureaucracy and jurisdictional and institutiona
barriers than does the U S. W should, however, strengthen and extend

our current assessment and pl anning approach to ensure that CEs do not
slip through undetected and unabat ed.

One way to achieve a CEAM process in Canada woul d be for FEARO to assune
a coordinating role with five regional CEAM assessnent boards for each
of the five geographical regions of Canada (Atlantic Provinces, Quebec,
Ontario, Prairie Provinces, and British Colunbia and the Territories).
Theboards Woul d have both federal and provincial representation. A

modi fied formof the Regional Coordinating and Screening Committee nght
serve as a starting point.

At the federal level, there should be requirements that all proponents
have their IEEs and EISs screened against a set of cunulative effects
gui delines. P. Lane and Associates Lim ted/ Washburn and Gillis and
Associates Limted recently included a chapter on cumul ative inpact
assessment for the Generic Initial Environmental Evaluation for the
fixed Iink proposed between New Brunsw ck and Prince Edward |sland (Lane
and Gillis,1988). Twelve potential areas with cumulative effects were
consi dered and anal yzed. The FEARO coordinating conmttee for
cumul ative effects would need to devel op the necessary training
materials to inplement proponent-driven CEA

For ecosystemdriven CEA, each CEAM assessnent board should serve as an
early warning system for detecting CEs near threshold val ues. These
boards could be a focal point for regional system description, data
collection and nonitoring, goal-oriented managenent objectives,
identification of real or potential CEs, and recomendations for
managenent, planning, and research. CGeneric tenplates and software
packages as well as S systenms could be devel oped as needed for all

five CEA areas to facilitate the inplenentation of standardized CEA

practices throughout Canada.

It is unlikely, especially for CEs arising from generalized ecosystem
deterioration;, that any single governnent agency (and certainly not
proponents) will assume responsibility for the managenent of CEs if

FEARO does not assune a lead role in devel oping and inplenenting new
CEAM requi renents.

4.3 Consensus Buil di ng

Concl usi on:

Consensus building is an inportant part of successful CEAM  Consensus
building is needed in several of the steps in the CEA process described
in Chapter 30such as setting of objectives and delimting boundaries,
agreeing on the nmonitoring of inpacts and actions to be taken when
t hreshol ds are exceeded, and formulating new institutional and
jurisdictional arrangements to ensure CEAMis operable in Canada.
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Achi evenent of consensus among parties-at-interest involved in environnmental
di sputes or negotiations has become an increasingly inportant objective for
governnent agencies, and, in sone cases, forproponents. I'n cunul ative
effects assessnent, the decision makers often nust determne the tota
carrying capacity Of the environment for devel opnent and other human activity.
This Nhecessitates the resolution of nultiple-user conflicts andthe optim
al l ocation of environment anong these users.

0'Riordan (1983) docunented approaches to the consultative process as part of
strategic planning for regional water resources in British Colunbia. The use
of public advisory groups as a conponent of the early strategic planning

process was cited as a method to minimze future disputes. More recently,
McGlennon and Susskind (1987) noted that the USEPA, finding 80% of all its new
regul ations being challenged in court, initiated a denonstration project to

test the usefulness of negotiated rule-making.

These two exanples at the regional planning stage and in the devel opment of
regul ations, denmonstrate the potential for application of consensus-building
techni ques across a broad spectrum of environmental issues. Jeffery (1987)
explored the role and value of negotiation and mediation within the existing
assessment/approval process in Ontario. The aut hor contended that the
negoti ation/ medi ation process should not be allowed to reduce the authority of
the regul atory/approval process set out in existing legislation and suggested

that the nost desirable role for this process is at the pre-hearing
consul tation stage.

This view is interesting, as it suggests a parallel, or conplenentary, role
for mediation as part of the existing regulatory process. Certainly, this has
been the experience of the Al berta Energy Resources Conservation Board in
seeking to resolve environnental issues between Syncrude and the Fort MKay
I ndi an Band. Inthis latter case, there have been continuous negotiations

carried out to identify, analyze and resolve |long-term environmental issues,
including cumulative effects.

The legal process, albeit somewhat confrontational, nonetheless constitutes a
form of consensus-building, one with a defined (often binding) outcome. In
Canada, the courts are less often used than in the U S., because of the
greater discretion enbodied in our |egislation and because the U S. courts
have usually taken a far nore interventionist stance. The new Canadi an
Charter of Rights and Freedons, however, may substantially alter this trend
and may allow for nore citizen input, through the legal process, into
environnental regul ation or decision-nmaking. Sadler (1986a,b,c) not ed:

"Environnmental nediation and negotiated agreements are generally
viewed as supplements to regulatory and admi nistrative procedures,
rather than as an alternative to them  An inportant consideration
t hus becomes how best to tie these approaches to existing systens,
for exanple, as preconditions for general approval or as

requirenents for the issuance of specific terms and |icenses as
devel opnent proceeds. "

1
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These types of concerns may inply a substantive need for the devel opnent of
consensus- bui | ding techniques in cunulative effects assessnent, at severa
| evel s:

1) Inter-governnental consensus

Cearly, more than any other environnental issues, cunulative effects
embrace large areas, many jurisdictions and long tine periods. The need
for cooperation anmong Canadian and international governnents will be a
key factor in achieving success in this area.

2) Intra-governmental consensus

As noted above, the cooperation of a broad range of agencies wll be
vital to the successful inplenentation of CEA approaches. This will
di ctate cooperation between not just those agencies involved in
environnental ly-rel ated resource managenent but also those wth
widely-differing, but applicable mandates, such as Revenue/ Taxation

3) Public cooperation

In order for CEA to evol ve beyond the assessnment state to inplenmentative
prograns, an unprecedented degree of cooperation on the part of the
public-at-large nmay be required. For instance, reclanmation and
preservation of regional wetlands will require the support of private
| andowners if any rehabilitative prograns are to be successfully
achi eved. Once again, this inplies a need for new mechanisnms to
facilitate public cooperation while providing, or devising techniques to
give public incentives to do so.

For the reasons outlined above, CEA will clearly require new attention to, and
nethods for, the achievenent of consensus within and between jurisdictions,
governments and the public. These new initiatives will require careful
examnation in future, and strategies will have to be devised to ensure the

cooperative recognition of CEA problens and to devel op prograns ainmed at
addressing them

Reconmendat i on:

A study shoul d be undertaken to docunent the array of consensus buil ding
met hods already in use and then, using this information, a practica
met hodol ogy shoul d be integrated into the Canadi an CEAM process.

There is a direct application to the CEA process presented in Chapter 3.0
through a set of what is terned group nethods that have been used to build
consensus in CEA by the U S. Fish and Wldlife Service and other U S. agencies
involved in CEA. These include: nomnal group technique, back step analysis
and FAST diagranming which are briefly described in Appendix 7.3. For any
subsequent devel opnent of consensus-building techniques, the US. experience
provides invaluable information and guidance for evaluating a variety of

techniques and exanpl es of potential applicability to the Canadi an CEAM
process.
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5.0 GLGSSARY OF ACRONYMS*

AADC
ACE
AEAM
AECB
AERCB
AFS
ANL
BEMP
BLH
BPA
CAETEP

CCREM
CE(s)
CE
CE
CEA(s)
CEAM
CEARC
CEQ
CI(s)
ClA
CIAP
CIP

G Project
CPS
CPT
CWA
Cws
DFO

DI AND
DU

EA
EARP
ECAR
ECON B
ECON |
EEM
ElA
ElS
EPA
EPP
EPS

FEARO
FERC
FRES
FW6

Al berta Agriculture Devel opment Corporation

Arny Corps of Engineers, US. Department of Defense
Adaptive Envi ronnment al Assessnent and Managenent
Atomi ¢ Energy Control Board

Al berta Energy Resources Conservation Board
Anerican Fisheries Society

Argonne National Laboratory

Beaufort Sea Environnental Monitoring Progranme
Bott om Lands Har dwoods

Bonnevi || e Power Administration

Conmittee on Applications of Ecological Theory to Environnental
Problems (U S.)

Canadi an Council of Resource and Environnent Mnisters
Cunul ative Effect(s)

Cause/ Ef fect Anal ysis

Cause and Effect Analysis

Cunul ative Effects Assessment(s)

Cummul ative Effects Assessnment and Managenent
Canadi an Environnmental Assessnment Council

Council for Environmental Quality (U S.)

Cunul ative |Inpact(s)

Cunul ative Inpact Assessnent

Custer Inpact Assessnent Process (FERC)

Cunul ative Inpact Process (FW)

Cunul ative Inpact Project (NEC FWE)

Col | aborative Problem Solving (FW)

Conput er Pl anni ng Tool

Cean Water Act (U S.)

Canadian Wldlife Service

Departnent of Fisheries and Cceans

Departnment of Indian Affairs and Northern Devel oprment
Ducks Unlimted

Envi ronmental Assessnent

Envi ronmental Assessnent Review Process

Ecosyst em Conponent at Ri sk

Economi ¢ Benefit Analysis

Economi ¢ | npact Anal ysis

Environmental Effects Monitoring

Environmental |npact Assessnent

Environmental |npact Statement

Environmental Protection Agency (U S.)
Environmental Protection Planning

Environmental Protection Service

Ecol ogi cal Ri sk Assessnent

Federal Environmental Assessnent Review Office
Federal Energy Regul atory Conmi ssion (U.S.)
Fraser River Estuary Study

Fish and Wldlife Service (U S. Dept. of Interior)




*d ossary al so includes acronyns for Volunmes Il and I11.

ch G eat Lakes

G.I M5 G eat Lakes Infornmation Managenent System

| B | sl and Bi ogeogr aphy

1EE Initial Environnental Evaluation

1JC I nternational Joint Conmm ssion

LAC Least Acceptabl e Change

LIR Legislative, Institutional and Regulatory Entities
LRTAP Long Range Transport Atnospheric Pollution

NAVWP North American Waterfow Management Plan

NEB National Energy Board

NEC National Ecology Center (U S FW)

NEPA National Environmental Protection Act (U.S.)

NMVFS National Marine Fisheries Service (U S. Departnent of Commerce)
NPS National Park Service (U S. Departnent of Interior)
NRC National Research Council (U S.)

NWT North West Territories

ORP Optional Risk Procedure

OrCR The Ohio, Tennessee and Cunberland Rivers

ors O fice of Toxic Substances

OWMC Ontario Waste Managenent Corporation

PAR Pol yaromatic hydrocarbons

PGLE Pacific Gas and Electric Conpany (U.S. - California)
POS Plan of Study

RES Recreation Econom c Study

R&D Research and Devel opnent

SAB Scientific Advisory Board (CEA User's Cuide)

SRES School for Research and Environnental Studies, Dal housie Univ.
TUNS Techni cal University of Nova Scotia

UVRBC Upper M ssissippi River Basin Conm ssion

UMRCC Upper M ssissippi River Conservation Conmittee
USDA United States Departnent of Agriculture

USDE United States Department of Energy

usDi United States Departnent of Interior

USDOD United States Departnent of Defence

USFS United States Forest Services

VEC Val ued Ecosystem Conponent



P

oy

6. 0 BI BLI OGRAPHY

Anderson, B.F. 1981. Cascaded tradeoffs: A nultiple objective, nultiple
public nethod for alternative evaluation in water resource planning. Prepared
for the U S Departnent of the Interior, Bureau of Reclanation, Contract No.
9-01-81-05060, Washington, D.C., by Portland State University, Portland, CR

Anderson, DM and C.C. King. 1978. A nethod for broadscale environnental

eval uation as applied in an environmental analysis of central Chio. Chio J.
Sci. 78(4):177-185.

Arnmour, C. L. 1986a. Method for nodelling causes and effects of environnental
actions. Review draft: Curul ative Inpact Series. Prepared for Western
Energy and Land Use Team U S. Departnent of the Interior, Washington, D.C
21 pp.

Arnour, ‘C.L. 1986b. Method for use of multiattribute value theory for
environnental decisions. Review draft: Cumulative Inpact Series. Prepared

for Western Energy and Land Use Team U. S. Departnent of the Interior,
Washington, D.C. 20 pp.

Armour, C. L. and S.C. WIIianson. 1986. Model ling causes and effects of
environmental problems. U S. Fish and Wlidlife Service, NEC. 86. 23 pp.

Armour, C L., RJ. Fisher and J.W Terrell. 1984. Conparison of the use of
the Habitat Eval uation Procedures (HEP) and the Instream Fl ow | ncrenental
Met hodol ogy (IFIM in aquatic anal yses. FWS/0BS-84/11. U.S. Fish and

Wldlife Service, Washington, D.C. 30 pp.

Armour, C. L., R Johnson and S. WIIianson. 1985. Problem Anal ysis and
Pl anning for the FWS Cunul ative |npacts Program August 1984 Wor kshop

Proceedi ngs. Bi ol ogi cal Report 85(11.1). Fish and WIldlife Service, US.
Departnent of the Interior, Washington, D.C. 21 pp.

Bain, MB., J.T. Finn, L.J Gerardi, Jr., MR Ross and WP. Saunders, Jr.
1982. An eval uation of methodol ogies for assessing the effects of flow

fluctuations on streanfish. FWS/0BS-82/63. U.S. Fish and WIldlife Service,
Washington, D.C

Bain, MB., J.S. Irving, RD dsen, E A Stull and GW Wtner. 1985a.

Cunul ative inpact assessment: identifying optimal configurations for nultiple
devel opnent s. Environmental Research Division, Argonne National Laboratory,
Argonne, |L.

Bain, MB., J.S Irving, RD. Osen, EA Stull and GW Wtner. 1985b.
Cumul ative inpact assessnent: a practical nethodol ogy. Envi ronnent al
Research Division, Argonne National Laboratory, Argonne, IL.

6-1



SRR Y

ey

roind

Bain, MB., J.S. Irving, RD. Osen, EA Stull and GW Wtner. 1985¢.
Cunul ati ve inpact assessnent: evaluating the environnental effects of
mul ti pl e human devel opments.  ANL/EES-TM-309. Argonne National Laboratory,
Argonne, IL. 71 pp.

Battell e Col unbus Laboratories and M dwest Research Institute. 1979.
Environmental quality evaluation procedure inplenenting principles and
standards for planning water resources prograns. Contract No. WR14050761.
U S. Water Resources Council, Washington, D.C

Beanl ands, G E. 1986. Envi ronmental inpact assessment as an el enent of
envi ronnental management. |In: CEARC and U.S. NRC (eds.) Proceedings of a
Wor kshop on Cumul ative Environnental Effects: A Binational Perspective.
Canadi an Environmental Assessnent Research Council, Hull, P.Q
" Beanl ands, G E. and P.N. Duinker. 1984, An ecol ogical franmework for
environmental inpact assessment. J. Environ. Man. 18:267-277.

Beanl ands, GE and P.N  Duinker. 1983, An ecol ogi cal framework for
environnental inpact assessment in Canada. Institute for Resource and

Environnmental Studies, Dal housie University, Halifax, N S.; and Federal
Environmental Assessnent Review Ofice, Hull, P.Q 132 pp.

Bi sset, R 1980. Methods for environmental inpact analysis: recent trends
and future prospects. J. Environ. Man. 11:27-43.

Bloom S A 1980. Miltivariate quantification of community recovery. In:

Cairns, J., Jr. (ed.) The Recovery Processs in Damaged Ecosystens. Ann
Arbour Publishers, Inc., Ann Arbour, M. pp. 141-151.

Boreman, J., C.P. Goodyear and S.W Christensen. 1978. An enpiri cal
transport nodel for evaluating entrai nment of aquatic organi snms by power

plants. Power Plant Project, FWS/OBS-78/90. U.S. Fish and Wldlife Service,
Washington, D.C. 67 pp.

Briand, F. and E. MCauley. 1978. Cybernetic mechanisns in |ake plankton
systems: how to control undesirable algae. Nature 273:228-230.

California Energy Commssion. 1982. Cunulative inpacts study of the geysers
KGRA: public services inpacts of geothermal developnment.  CEC Staff Report.
Sacranento, CA

California State Board of Forestry. 1982. Report of the cunulative effects
task force. California State Board of Forestry, Sacramento, CA

Canadi an Environnental Assessnent Research Council. 1987. Phi | osophy and
themes for research. CEARC Secretariat, Hull, P.Q
CEARCand U.S. NRC (eds.) 1986. Proceedings of a Wrkshop on Cumul ative

Effects: A Binational PerspectiVe. Canadi an Environnental Assessnent
Research Council, Hull, P.Q

6-2



Canter, B. 1986. Mddels for cunulative effects nmanagenment in non-wetlands
regul atory prograns. In: Estevez, ED, J. Mller, J. Mrris and R Hamman
(eds.) Proceeding of the Conference. Environnental Studies Program Pub. No.
38. Omipress, Madison, WI.

Canter, L.W 1981. Methods for environnental inpact assessnent: theory and
application (enphasis on weighting-scaling checklists and networks). In:
Environnmental |npact Assessnent. PADC Environnental Inpact Assessnent and
Planning Unit, University of Aberdeen, U K Martinus N j hoff Publishers,
Boston, % pp. 165-233.

Capen, D. E. 1981. The use of multivariate statistics in studies of wildlife
habitat. U S. Forest General Technical Report RM87.

Canter, L.W 1977. Environnental Inpact Assessment. MGaw HIlIl, New York,
N. Y.

Caswel |, H 1976. Conmmunity structure: a neutral nodel analysis. Ecol .
Monogr. 46:327-354.

Center for Wetland Resources. 1977. Cunul ative inpact studies in the
Loui si ana coastal zone: eutrophication, land |oss. Loui sianna State

University, Baton Rouge, LA

Cine, EW, E C Machos and G C. Horak. 1983. State-of-the-art and
theoretical basis of assessing cunulative inpacts on fish and wildlife.

Contract No. 14-10-0009-81-058. u.s . Fish and WIldlife Service, Eastern
Energy Land Use Team Kearneysville, WYV.

Coats, R Nand T.O Mller. 1981.  Cumul ative silvicultural inpacts on

wat ersheds: a hydrologic and regulatory dilemma. J. Environ. Man. 5(2):147-
160.

Cole, CA and RL. Smth. 1983. Habitat suitability indices for nonitoring

wildlife populations - an eval uation. Transactions of the North American
Wldlife and Nature Resource Confederation 48:367-375.

Col orado Department of Health, U.S. Environmental Protection Agency Region
VI, 1981. Cunul ative environmental inpact study work plan to assess the

cunul ative environnental inpacts of energy devel opnent in Northwestern
Col orado.  Boul der, CO

Contant, C. K  1984a. Cunulative inpact assessnent: design and eval uation of
an approach for the Corps Engineers permt programat the San Fransico
district. Ph.D. Dissertation. Stanford University, Palo Alto, CA 373pp.

Contant, C K  1984b. Curulative inpact assessnment: design and eval uation of

an approach for the Corps of Engineers permt program at the San Francisco
district.

Contant, C. K and L. Otalano. 1985. Eval uating a cumul ative inpact
assessment approach. \Water Resource Res. 21(9):1313-1318.

6-3



Coullard, D. 1984. New nethodol ogy of inpact evaluation: coherence graphs.
J. Environ. Man. 18:253-265.

Dames and More, Inc. 1981. Met hodol ogy for the analysis of cumulative
impacts of permt activities regulated by the U S. Arny Corps of Engineers.

DACW 72-80-c-0012. U S. Arny Corps of Engineers, Institute for Water
Resources, Fort Belvoir, VA

Darnell, R M 1973. Ecol ogy and Man. Wlliam C. Brown Co. Publishers,
Dubuque, 1A pp. 126-142.

Dee, N, J.K Baker, N.L. Drobny, KM Duke and D.C. Hanringer. 1972. An
environmental eval uation system for water resource planning. Battelle-
Col unbus Laboratories, Colunmbus, OH

Del becq, A L., AH Vandenven and D.H Gustafson. 1975, Goup techniques for
program planning. Scott, Foresmar and Conpany.

Denver Research Institute and Resource Pl anning Associ ates. 1979.
Soci oeconom ¢ inpacts of western energy resource devel opnent. Vol une 11:
Assessnment met hodol ogi es. Prepared for Council on Environmental Quality,

Executive Ofice of the President, Resource and Land |nvestigations Program

US GS., US. Dept. of Energy, Environnmental Protection Agency, and National
Science Foundation. 159 pp.

Departnent of Indian Affairs and Northern Devel opment. 1982. Statenent to

t he Beaufort Environnental Assessnent and Revi ew Panel . I ndi an and Northern
Affairs Canada, Qtawa, Ontario.

Dickert, T.G and A E Tuttle. 1985. Cunul ative inpact assessnent in

environnental planning: a coastal wetlands watershed exanple.  Environnental
| npact Assessment Review 5(1):37-64.

Envi ronnent Canada. 1987a. State of the environnent. Envi ronnment Canada,
Qtawa, Ont.

Environnent Canada. 1987b. Environmental quality in the Atlantic Provinces.

Environnent Canada, Environnmental Protection Service, Atlantic Region,
Darmouth, NS

Envi ronnent Canada. 1986. Wetlands in Canada: :a val uable resource.

Fact
Sheet 86-4. COtawa, Ont. 8 pp.

Envi ronment Canada. 1982. Review and eval uation of adaptive environnental
assessment and nanagenment. Environnent Canada, Vancouver, B.C.

Environnent Canada, Atlantic Region. 1983. Area w de assessnents: a
di scussion paper. Environnent Canada, Dartmouth, NS

Environnent Canada, Federal Environnmental Assessnment and. Review Ofice,
Fisheries and Cceans Canada, and the Canadian Ol and Gas Lands

6-4



Lo

Admini stration. 1985. Proceedings of the Wrkshop on Strategic Planning for

the Coastal and Marine Environnent. Volune |. Wolfville, Nova Scoti a.

Eri kson, P.A 1979. Envi ronmental | npact Assessnent: Principles and
Applications. Academc Press, New York, NY.

ESSA. 1985. Upper San Joaquin Basin cunul ative inpact study for
hydroel ectric devel opnents. Draft Report. Dec. 1985. Envi ronnental and

Social Systems Analysts Ltd., Vancouver, British Col unbia. Prepared for the
California State Water Resources Control Board, Division of Water Rights.

ESSA. 1982. Review and evaluation of adaptive environmental assessnent and
managenent . Envi ronnental and Soci al Systems Analysts Ltd., Vancouver,
British Colunbia. Prepared for Environment Canada, Qttawa, Ont. 116 pp.

Everett, S.J. 1978, Regional carrying capacity: its detriments and a nethod
of estimation. Doctoral Dissertation, Stanford University, Palo Alto, CA

Everitt, RR  1983. Adaptive environmental assessment and management:  sone
current applications. In: PADC Environnental |npact Assessnent and Pl anning
Unit, University of Aberdeen, U K. Environnental |npact Assessnent. Martinus
Ni j hoof Publishers, Boston, MA pp. 293-306.

Everitt, R.R., D. A Birdsall and D.P. Stone. 1986. Beaufort environnent al
moni toring program Nor t hern hydr ocar bon devel opnent and environnent al
probl em solving. In: Proceedi ngs of the Eighth Annual Meeting of the

| nternational Society of Petroleum Industry Biologists. Sept. 24-26, 1985.
Banff, Al berta.

Fabos, J.G., CM Geene and S. A Joyner, Jr. 1978. The wetland | andscape

pl anni ng process: conposite |andscape assessment, alternative plan
fornulation and plan eval uation. Part 3 of the metropolitan | andscape
pl anni ng nodel . Research Bulletin No. 653. Uni versity of Massacchusetts,

Massachusetts Agricul tural Experinental Station, Water Resources Research
Center, Anmherst, MA

FEARO 1978. Qide for environmental screening. Mnistry of Supply and
Services Canada, Qtawa, Ont.

Federal Energy Regul atory Conmi ssion. 1984, Draft environnental inpact
anal ysis of small-scale hydroel ectric devel opnent in sel ected watersheds in
the Upper San Joaquin River Basin, California. FERC/DEIA-0001. U.S. Federal
Energy Regul atory Commission, Washington, D.C

Federal Energy Regulatory Commission. 1985 ~ Procedures for assessing hydro
power projects clustered in river basins: request for comments. Fed. Reg.
50(16) :3385-3403.

Finsterbusch, K 1977. Methods for evaluating non-market inpacts in pol i\%
decisions with special reference to water resources devel opnent projects. |

Contract Report 77-8. Arny Corps of Engineers, |Institute for Water Resources,
Fort Belvoir, VA 46 pp.

6-5



v adei

Fisher, R A and J. Wishart. 1930. The arrangenment of field experinents and
the statistical reduction of results. Techni cal Communi cati on No. 10:1-23.
I mperial Bureau of Soil Science, London, UK

Freeman,' A M 1982. Air and Water Pollution Control - A Benefit-cost
Assessnent. John Wley and Sons, New York, NY. 186 pp.

Gl oway, GE 1978. Assessing man's inpact on wetl ands. Sea Grant No.
78-17; Report No. 78-136. University of North Carolina, Water Resources
Institute, Raleigh, NC

Geppert, RR, CW Lorenz and A G Larson. 1984. Cunul ative Effects of
Forest Practices on the Environnent: A State of the Know edge.  Ecosystens,
Inc., Aynmpia, WA 208 pp.

Gilliland, MW and B.D. dark. 1981. The Lake Tahoe Basi n: a systens

anal ysis of its characteristics and human carrying capacity. J. Environ. Man.
5:397-407.

Glpin, ME and J.M D anond. 1982. Factors contributing to non-randommess
in species co-occurrence on islands. Qecologia 52:75-84.

Glpin, ME and J.M Dianond. 1980. Subdivision of nature reserves and the
mai nt enance of species diversity. Nature 285:567-568.

Cosselink, J.G and L.C. Lee. 1986. Cunulative inpact assessnent principles.
Pub. LSU-CEI-86-08. Coastal Ecology Institute for Wetlands Resources,
Lousiana State University

Cosselink, J.G and L.C Lee. 1987. Cumul ative inpact assessment in
bottom and hardwood forests. LSU- CEl - B6- 09. Center for Wtlands Resources,
Lousiana State University, Baton Rouge, LA 113 pp.

Hai nes, Y.Y. and A. Ha. 1974. Miltiobjectives in water resources systemns:
the surrogate worth tradeoff nethod. \Wat. Resour. Res. 10:615-624.

Harris, L.D 1984. The Fragnented Forest: | sl and Bi ogeography Theory and

the Preservation of Biofic Diversity. University of Chicago Press, Chicago,
L.

Healy, MC andR R \Wallace (eds.). 1987. Canadian aquatic resources. Can.
Bul | . Fish. Aquat. Sci. 215:533 pp.

HIl, J. 1975. |Influence: a new tool for prelimnary systems analysis. In:

Alternate Chemicals Synposium Vol. IIl. Office of Pesticides Prograns, U.S.
EPA, Washington, D.C

6-6



e

oo

Pt}

Hinds, WT. 1984. Towards nonitoring of long-termin terrestrial ecosystens.
Environ. Conserv. 11:11-18.

Hirst, sm. 1984a. Applied ecology and the real world: . Institutional
factors and inpact assessment. J. Environ. Man. 18:189-202.

Hrst, SM  1984b. Applied ecology and the real world: 1. Resource
management and inpact assessment. J. Environ. Man. 18:203-213.

Holling, C. S. (ed.) 1978a. Adaptive Environnmental Assessment and Management.
John Wley and Sons, New York, NY. 377 pp.

Holling, C.S. 1978b. A wildlife inpact information system In: Holling.
C.S. (ed.) Adaptive Environnental Assessment and Management. John Wley and
Sons, New York, NY. pp. 279-297.

Hol Iing, C.S. 1982. Science for public policy: highlights of adaptive
envi ronnental assessment and management. |n: Mason, WT. (ed.) Research on
Fish and Wldlife Habitat. EPA/600/8-82-022. U.S. Environnental Protection
Agency.  pp. 78-91.

Horak, Gc.and E. C. M achos. 1984. Cumul ative inpacts andwildlife. In:

Comer, J. (ed.) Issues and Technol ogy in the Management of |npacted Western
WIldlife. Thorne Ecological Institute, Boulder, CO pp.7-13.

Horak, G.c., E.C. Machos and E.W dine. 1983a. Fish and wildlife and
cunul ative effects: Is there a problen? Contract No. 14-16-0009-81-058.
Prepared for Eastern Energy and Land Use Team Office of Biological Services,
Fish and Wldlife Service, U S. Departnment of the Interior, Washington, D.C

Horak, GC., E.C Machos and EW Cine. 1983b. Methodol ogical guidance for
assessing cunulative inpacts on fish and wildlife. Contract No. 14-16-0009-
81-058. Prepared for Eastern Energy and Land Use Team Fish and Wldlife
Service, US. Departnent of the Interior, Washington, D.C

Hurl bert, S. H. 1984. Pseudoreplication and the design of ecol ogical field
experinents. Ecol. Monographs 54(2):187-211.

Hydropower Assessment Steering Conmittee. 1983. Discussion paper on critical

habi tats and cumul ative net hods. Nort hwest Power and Pl anni ng Conmi ssi on,
Hydr opower Assessnent Steering Conmittee, Portland, OR 12 pp.

I NTASA, Inc. 1981a. Environmental assessment of programmatic alternatives.

pawc 71- 80- 0002. US. Arny Corps of Engineers, Inst. of Water Res., Fort
Bel voir, VA

| NTASA, Inc. 1981b. Mtigation and cunul ative inpacts. Envi ronnent al
assessnent. In: The National Hydroelectric Power Resource Study DAVC
72-80-c-0002. u.s. Corps of Engineers, Inst. of Water Res., Fort Belvoir, VA

Jameson, D. T. (ed.) 1976. Ecosystem i nmpacts of urbanization assessnent
met hodol ogy.  Environnmental Research Laboratory, Corvallis, OR

6-7



Jeffery, MI. 1987. Accommpdating negotiation in EIA and project approval
processes. CEARC workshop. Toronto, Ont. 20 pp.

Kane, J., |. Vertinsky and W Thonpson. 1973. KSIM a met hodol ogy for
interactive resource simulation. Wat. Resour. Res. 9:65-80.

Keeney, R L. and H Raiffa. 1976. Decisions with Miltiple Cbjectives:
Preferences and Value Tradeoffs. John Wley and Sons, New York, NY.

Kinball, T.C., A Patel and G A. Yoshioka. 1982. Field test of the

Chesapeake Bay pernits atlas. Applied Physics Laboratory, The Johns Hopkins
University, Baltinore, M.

Kozl owski, J. 1985, Threshold approach in environnental planning. Ekistics
52, 311. Mrch/April, pp. 146-153.

Lane, P. A 1986a.  Symmetry, change, perturbation and observing node in
natural comunities. Ecol ogy 67:223-239.

Lane, P. A 1986b. Preparing marine plankton data sets for |oop anal ysis.
Ecol ogy. Suppl ementry Publication Source Document No. 8525A.

Lane, P. A 1985a. A food web approach to nutualismin [ake communities
di stinguishing direct, indirect and community effects. In: Boucher, D. (ed.)
Mutual i sm - New | deas About Nature, Universite du Quebec a Mntreal,
Montreal, Quebec. pp. 344-374.

Lane, P.A 1985b. Food web nodels of a marine plankton commmunity: an
experimental approach. J. Exper. Mar. Biol. Ecol.

Lane, P.A. 1982. Using qualitative analysis to understand perturbations in
marine ecosystems in the field and |aboratory. In:  Archibald, P. (ed.)
Environmental Biology State of the Art Sem nar. EPA-600/9-82-007. Office of

Exploratory Research, United States Environmental Protection Agency,
Washi ngton, D.C. pp. 94-122.

Lane, P.A, and T.M Collins. 1985. Food web nodels of a narine plankton
comunity: an experinental approach. J. Exper. Mar. Biol. Ecol. 94:41-70.

Lane, P.S., and G Gillis. 1988. Generic Initial Environmental Eval uation of
the Northunberland Strait Crossing Project. Prepared for Public Wrks Canada.

Lane, P.A and R Levins. 1977. Dynam cs of aquatic systens. 1. The
effects of nutrient enrichment on nodel plankton communities. Li mol .
Qceanogr. 21:454-471,

Lane, P.A and J.A Wight. 1986. The theory of loop analysis.  Ecol ogy.
Suppl enentary Publication Source Docunent No. 8525B.

6-8



Rt |

Leathe, S. A 1985. Cunul ative effects of mcro-hydro devel opnment on the
fisheries of the Swan River drainage, Montana. Il1. Sunmary of fisheries and
habitat investigations. Mont ana Departnment of Fish, Wldlife and Parks,
Kal i spel |, Montana. 53 pp.

Leathe, S.A., MD. Enk and P.J. Gaham 1985. An evaluation of the potential
cumulatve bi oeconom c inpacts of proposed small-scale hydro devel opment on the
fisheries of the Swan River drainage, Mntana. In: Oson, FW, RG Wite
and R H Hamre (eds.) Proceedi ngs of the Synposiumon Small Hydropower and

Fi sheri es. American Fisheries Society, Wstern Division and Bi oengi neering
Section.

Lehman, J.T. 1986. Case-study in Ecol ogi cal Know edge and Environnent al
Problem Solving. National Acadeny Press, Washington, D.C. pp. 318-330.

Leopold, L.B., F.E Oark, B.B Hanshaw and J. R Balsl ey. 1971. A procedure
for evaluating environnental inpact. CGeol ogi cal Survey Circular No. 645.
United States Geol ogical Survey. Vashington, D.C

Levins, R 1988. Personal communication.

Levins, R 1973. Thequalitative analysis of partially-specified systens.
Ann. N. Y. Acad. Sci. 231:123-138.

Lewis, J.R 1976. Long-term ecological surveillance: practical realities in
the rocky littoral. Cceanogr. Mar. Biol. Ann. Rev. 14:371-390.

Lichfield, N., P. Kettle and M Witbhread. 1975. Evaluation in the Planning
Process. Pergammon Press, Oxford, UK

Lorens, G S. 1956. Theory and application of flow graphs. Ph. D. Thesis.

El ectrical Engineering Departnent, Massachusetts Institute of Technol ogy.
Canbridge, MA.

Lunb, AM 1987. Assessing cumulative inpacts of wetlands nodifications on
hydr ol ogy: draft. U'S. Environnental Protection Agency workshop on
cunul ative effects of disturbance on wetlands. Corvallis, OR  Proceedings
schedul ed for Septenber, 1987 publicati on.

Lumb, A M 1982a. Cunulative inpact assessnent of surface mining. In:
Kilpatrick, L. and D. Mtchett (eds.) Proceedings of a Conference on Water
and Ener gy: Techni cal and Policy Issues. June 28-30, Colorado State

University. American Society of Cvil Engineers, Fort Collins, CO pp.
145-150.

Lunb, AM  1982b. Procedures for assessnent of cumulative inpacts of surface

m ning on the hydrol ogi ¢ bal ance. Qoen-file Rep. 82-334. U S. Ceol ogi cal
Survey, Reston, VA. 50 pp.

Makridakis, S. and S. C. Weelwight. 1978. Forecasting -- Methods and
Applications. John WIley & Sons, Toront, Ont. 717 pp.

6-9



b

p—

vownd

i«tm’w ]

Manning, E W 1986. Towar ds sustai nable |and use: a strategy. In:
Proceedi ngs of the Canada-China Bil ateral Synposium on Territorial Devel opnent

and Management. April, 1986. Beijing, China. Lands D rectorate Wrking Paper
47. 4L pp. ~ .

Maryl and Department of Natural Resources. 1982. Power plant cumulative
environmental inpact final report. Power Plant Siting Program Annapol i s,
MD. 354 pp.

Mason, E.W., Jr. 1979. A rapid procedure for assessment of surface mning

impacts to aquatic life. In: Proceedings of the Coal Conference and Expo V.

Cct ober 23-25, 1979. U.S. Fish and WIdlife Service, Eastern Energy and Land
Use Team Louisville, KY.

Mason, N. 1978. Regi onal Environnmental Systens: Assessnment of RANN

Projects. NSF/ENV 76-04273. Departnment of Cvil Engineering, University of
Washington, Seattle, WA

Mason, S.J. 1952. Some properties of signal flow graphs. Proc. |.RE
41:1144-1156.

MAl lister, DM 1980. Evaluation in Environmental Planning. MT Press,
Canbridge, MA

McCaul ey, E. and F. Briand. 1979.  Zoopl ankt on grazing and phytopl ankton

species richness: field testing of the predation hypothesis. Li mol .
Cceanogr. 24:243-252.

McGlennon, J. A S. and L. Susskind. 1987. Responsibility, accountability, and
liability in the conduct of environnental negotiations.  Wrkshop. Canadian
Environmental Assessment Research Council, Toronto, Ont. 16 Pp.

McHarg, |. 1969. Design with Nature. Natural Hstory Press, New York, N.Y.

Mreau, D.H, EL Hyman, B. Stiftel and R Nchols. 1981. FHicitation of
envi ronnental values in nultiple-objective decision making. Departnent of the
Gty of Regional Planning, University of North Carolina, Chapel HIl, NC

Morrill, R A 1973. Conpr ehensi ve resource and environmental managenent
pl anni ng. Bureau of Reclamation, D vision of Planning Coordination,
Engi neering and Research Center, Denver, CO

Myers, N (ed.) 1984. Gaia, An Atlas of Planet Mnagenent. Anchor Press,
Doubl eday & Co., Inc., Garden Gity, New York. 272 pp.

Nati onal Research Council Conmittee on the Application of Ecological Theory to

Environmental Probl ens. 1986. Ecol ogi cal Know edge and Environnent al

Probl em sol vi ng. Concepts and Case Studi es. Nat i onal Acadeny Press,
VWashington, D.C." 388 pp.

6-10



m
e sracah

New Mexi co Hydrol ogy Task Force. 1984, Cunul ative hydrol ogic inpact
assessment: recommendations and proposed procedures. New Mexico Energy and
M neral s Departnent, Santa Fe, NM

Odum WE 1982. Environmental degradation and the tyranny of small
deci sions. BioSci. 32:728-729.

O'Neill, R V., RH Grdner, L.W Barnthouse, GW Suter, S.G Hldebrand and
CW Cehrs. 1982. Ecosystem risk anal ysis: a new met hodol ogy. Envi ron.
Toxi col . Chem 1:167-177.

Oians, GH 1986. Cunulative effects: setting the stage. In_ CEARC and
U S. NRC (eds.) Proceedi ngs of the Wrkshop on Cunul ative Environmnetal

Effects: A Binational Perspective. Canadi an Environmental Assessnent
Research Council, Hull, P.Q

Oiens, GH, J. Buckley, W Gark, ME Glpin, CF. Jordan, J. T. Lehman,
RM. My, GA Robilliard and D.S. Sinberloff. 1986. Ecol ogi cal Know edge

and Environmental Probl em sol vi ng: Concepts and Case Studies. Nat i onal
Acadeny Press, Washington, D.C. 374 pp.

0'Riordan, J. 1983. New strategies for water resource planning in British
Colunbia. In: Rver Basin Minagement: Canadi an Experiences. University of
Waterl oo, Waterloo, Ont. pp. 17-k2.

Cscar, Larson and Associates. (undated) Trinity Lake' hydroelectric projects:

cunul ative environnental inpacts report. Gscar, Larson and Associ ates,
Eureka, CA. 176 pp.

P. Lane and Associates Limted. 1988. Prelinminary study of the possible
inpacts of a one netre rise in sea level at Charlottetown, Prince Edward
I sl and. CCD 88-02. Prepared for Cimate Change D gest, Atnospheric
Environment Service, Environment Canada. Mnister of Supply and Services,
Canada. 7 pp + map.

Peterson, E.B., Y.-H Chan, N B. Peterson, GA Constable, R B. Caton, C S
Davis, R R Willace and Y.A Yarronton. 1987. Cunulative effects assessnent

i n Canada: an agenda for action and research. Prepared for the Canadian
Environnental Assessment Research Council, Hull, PQ 153 pp.

Phillips, Brandt, Reddick, McDonald and Gete, Inc. 1978. The cunul ative
I npacts of shore zone devel opnent at Lake Tahoe, CA. California State Lands

Comm ssion; State of Nevada, Tahoe Regional Planning Agency; U S. Arny Corps
of Engi neers.

1

Preston, E. and B. Bedford. 1987. Eval uati on of cumul ative inpacts on
wetland functions: a conceptual overview and generic framework. Draft report
presented at the US. Environmental Protection Agency workshop on cunul ative

effects of disturbances on wetlands. Corvallis, OR  Proceedings schedul ed
for Septenber, 1987 publicati on.

6-11



Province of New Brunswick. 1980. Crown Lands and Forests Act, Chapter c-
38.1. Assented July 6,1980, Fredericton, New Brunswi ck.

Provi nce of New Brunswi ck. 1974. Report of the Forest Resources Study. New
Brunswi ck Department of Natural Resources, Saint John, New Brunsw ck.

Raley, CM, WA Hubert and S.H Anderson. 1987. Devel opnent of a
qual itative cunulative effects nodel to assess external threats to the North
Fork Flathead River basin within @ acier National Park. Womng Cooperative
Fishery and Wldlife Research Unit, University of Wom ng, Larame, W.

Reed, RM, J.W Wbb and GF. Cada. 1984. Siting energy projects: the need
to consider cunulative inpacts. Draft presented at the Energy and Environment
Conference, April 15-18,1984,Banff, Al berta. 9 pp.

Regier, HA and G L. Baskerville. 1985. Sust ai nabl e redevel opment of

regional ecosystens degraded by exploitive devel opment. Dal housie University.
Halifax, NS

Roelle, J.E., GT. Auble, D.B. Hamlton, GC Horak, R L. Johnson and C A
Segel qui st (eds.) 1987. Results of a workshop concerning inpacts of various
activities on the functions of bottonm and hardwoods. NEC-87/15. U.S. Fish
and Wldlife Service, National Ecology Center, Fort Collins, CO 170 pp.

Roelle, J.E., GT. Auble, D.B. Hamlton, R L. Johnson and C A Segel qui st
(eds.). 1985, Results of a workshop concerning ecol ogi cal zonation in
bott om and har dwoods. NEC - 87/14. U.S. Fish and WIldlife Service, National
Ecol ogy Center, Fort Collins, CO 141 pp.

Roy F. Weston, Inc. 1978. Met hodol ogy for assessing onshore inpacts of
of fshore outer continental shelf oil and gas devel opnent. Prepared for
National Science Foundation, Bureau of Land Managenent.

Sadl er, B. 1986a. Cunul ative assessment and the freshwater environment:
Commentary Il. In: CEARC and U.S. NRC (eds.) Proceedings of a Wrkshop on
Cumul ative Environnental Effects: A Binational Perspective. Canadi an

Environmental Assessment Research Council, Hull, PQ pp. 71-75.

Sadl er, B. 1986b. A revised agenda for nanagenent-linked research on a
cunul ative assessment of the freshwater environnent. In;_ CEARC and U.S. NRC
(eds.) Proceedi ngs of a Wrkshop on Cunul ative Environmental Effects: A

Bi nati onal Perspective.. Canadi an Environnental Assessnment Research Council,
Hull, P.Q

Sadl er, B. 1986¢. Environmental Conflict Resolution. Vol. 1-8. The
Conservation Foundation, Washington, D.C (

Seila, S.B. and J.D. Parrish. 1972, Exploitation effects upon interspecific
relationships in marine ecosystems. Fish. Bull. 70:383-393.

6-12



Sal wasser, H and F.B. Sanson. 1985. Cunul ative effects analysis: an
advance in wildlife planning and nanagenent. Transcripts of the North
American Wldlife and Natural Resources Conference 50:313-321.

Sanderson, D. and M Ottare. 1977. Predicting the local inpacts of energy

devel opment : a critical guide to forecasting nethods and nodel s. Cont ract
No. E(49-18)-2295. Prepared for U S. Energy Research and Devel opnent
Admi ni stration. Massachusetts Institute of Technol ogy, Laboratory of

Architecture and Planning, Canbridge, MA

Sassman, RW and R M Randall. 1977. A nethod for evaluating inpacts of
ti mber harvests’ on nontinber forest resources. = Transcripts of the North
American Wldlife and Natural Resource Conference 42:185-189.

Schnei der, D.M., D.R Codschalk and N. Axler. 1978. The carrying capacity

concept as a planning tool. Report No. 338. Planning Advisory Service,
Anerican Planning Association, Chicago, IL.

Shaw, S.H 1982. Carrying capacity analysis in environnental regulation -- a
case study: the Corps of Engineers and the Oakland estuary. Engineers Thesis.
Stanford University, Palo Alto, CA

Shopl ey, J. and R F. Fuggle. 1984, A conprehensive 'review of current

environmental i nmpact assessment methods and techniques. J. Environ. Man.
18:25-47.
Slatyer, RO (ed.) 1977. Dynam c changes in terrestrial ecosystens:

patterns of change, techniques for study and applications for nanagenent. MAB
Techni cal Notes 4.

Sondheim MW 1978. A conprehensive nethodol ogy for assessing environnental
inpact. J. Environ. Man. 6:27-42.

Sonntag, N.C., P.A Lane, RR Wallace, B. M Mrcotte and S.H Janes. 1988.
Overview of Agencies and Institutions Interested in Cunulative Effects
Assessnent and Managenent. Vol. Il1. An addendumto: A Reference Quide to
Cunul ative FEffects Assessnment in Canada. Prepared for the Canadi an
Environnental Assessnent Research Council, Otawa, Ont. 14 pp.

Sonntag, N.C., R.R. Everitt, L.P. Rattie, D.L. Colnett, C.P. WIf, J.C
Truett, A HJ. Dorcey and C.S. Holling. 1987. Cumul ative Effects
Assessments: A Context for Further Research and Devel opnent.  Prepared for
Canadi an Environmental Assessnment Research Council, Hull, P.Q 99 pp.

Sorensen, J.C 1971. A Framework of Identification and Control of Resource
Degradation and Conflict in the Miltiple Use of the Coastal Zone.  University
of California, Berkeley, CA

6-13



b2 ]

Suter, GW, L.W Barnthouse, C F. Baes, SMBartell, M G Cavendish, R H
Gardner, R V. 0'Neill and A E. Rosen. 1984. Environnental Risk Analysis for
Direct Coal Liquifaction. Qak Ridge National Laboratory, Cak Ridge, TN

Sterner, T.E. and A G Davidson (eds.). 1983. Forest insect and disease
conditions in Canada, 1982. Forest Insect and Disease Survey, Canadian
Forestry Service. Otawa, Ont.

Stover, L.V. 1972. Environnmental |npacts Assessment: A Procedure. Sanders
and Thomas Inc.

Streeter, R, R More, J.J. Skinner, S.G Martin, T.L. Terrel, W Klinstra,
J.J. Tate and MJ. Nol de. 1979. Energy mning inpacts and wildlife

managenent:  which way to turn. Transcripts of the North Anmerican Wldife and
Nat ural Resource Conference U44:26-65.

Tahoe Regional Planning Agency. 1982. Study report for the establishnent of
environnental threshold carrying capacities.

Thonas, M., F. Hopkins and R Parshal. 1982. Secondary inpacts of oil shale
and coal developnment in rural areas on fish and wildlife resources: draft

report, Tasks 3 and 4. Western Energy and Land Use Team U.S. Fish and
Wldlife Service, Fort Collins, CO

U S Arny Corps of Engineers, Lower Mssissippi Valley Division. 1980. A
habi tat eval uation system for water resources planning. Lower M ssi ssi ppi
Valley Division, Vicksburg, M5

U S. Arny Corps of Engineers, Los Angel es District. 1982. Lower Col orado

proposed general permt. Main Report and Final Environnmental |npact
Statenent.

U.S. Arny Corps of Engineers, Seattle District, Environmental Resources

Section. 1983. A CGuide to the Analysis of Significance. United States Arny
Corps of Engineers, Seattle, WA

U S Dept. of Agriculture. 1987. Process for cunulative effects assessnent.
Final report of the Cumul ative Effects Task Force, Suislaw National Forest,

Cornwal Iis, OR 10 pp. Unpublished working paper.

U 'S Dept. of Agriculture. 1984a. Conducting a cumulative effects anal ysis.
U S. Forest Service Region 6, Portland, OR 8 pp.

US. Dept. of Agriculture. 1984b. Direction for cunulative effects analysis

in forest plannng. Forest Service, Pacific Northwest Region, Portland, OR 22
pp. Unpublished report.

U'S. Dept. of Agriculture. 1981.  Probl em anal ysi s: ecol ogi cal analysis
techni ques for national assessnents of wildlife and fish. Rocky Muntain
Forest and Range Experiment Station, Fort Collins, CO

6-14



prs——

Ewwm;l

U S. Department of the Interior, Bureau of Land Management.  1977.  Final
envi ronnental inpact statenent: northwest Col orado coal -regional analysis.
Washi ngton, D.C

U.S. Federal Energy Regul atory Conmi ssion. 1987.  Snohonish River Basin
cluster inpact assessment procedure, Washington. Final Environnmental |npact
Statement. Docket No. EL-8549 101. FERC/EIS.

U S. Fish and WIldlife Service. 1983. NEPA Handbook. 30 Administrative
manual 4.9C(5) and 4.9D(4)(a).

U.S. Fish and Wldlife Service. 1981. Habitat eval uation procedures (HEP).
Division of Ecological Services, Washington, D. C

Vincent, M 1981. Assessnent of probable future |and use and habitat
conditions in water resource planning. US. Arnmy Corps of Engineers,
Institute for \Water Resources, Wshington, D.C

Wallace, R R and Lane, P.A. 1988. Feasibility Study in CEARC Cunul ative
Effects Assessment (CEA) - Wetlands of the Boreal Agricultural Fringe of the
Prairie Provinces. Vol. TT - An addendumto: A Reference Quide to Cunulative
Effects Assessnent in Canada. Prepared for The Canadi an Environmnent al
Assessnment Research Council, Otawa, Ont. 18 pp.

Walters, CJ. 1986. Adaptive Policy Design in Renewal Resource Managenent.
MacM [ lan Publishing Inc., New York, N.Y. In press.

Warner, ML., J.L. More, S. Chatleriee, D.C. Cooper, C Ifeadi, WT. Lamhow
and R S. Reiners. 1974.  An assessnment nethodol ogy for the environmental
i mpact of water resource projects. EPA-600/5-74-016. U.S. Environnent al
Protection Agency, Ofice of Research and Devel opnent, Washington, D.C.

\\inberg, GM 1975. An Introduction to Ceneral Systens Thinking. wiley-
[ nterscience, Toronto, Ont.

Westman, WE.  1985. Ecol ogy | npact Assessnent and Environmental Pl anning
University of California. A WTley-Tnterscience Publication, Los Angeles, CA
532 PP

Wlliams, D.c. and K B. Horn. 1979. Onshore inpacts of offshore oil: a
user's guide to assessnent methods.  Department of the Interior, Ofice of
Policy Analysis, Wshington, D.C. 68 pp.

WIlianmson, S. 1986. Cunul ative inpacts assessnent: an unannot at ed
bi bl i ography of the state of the art and of potentially useful related
information. US. Fish and Widlife Service, Fort Collins, CO 34 pp.

6-15



-

Wl liamson, S., C. Arnour and R Johnson. 1985. Cunul ative inpacts
assessment: preparing a fish and wildlife service plan of action. Fish and
Wldlife Service, US. Departnent of the Interior, Washington, D C

Wlliamson, S., C Arnmour and R Johnson. 1986. Preparing a FWs cumul ative

inpacts program  January 1985 workshop proceedings. U S. Fish and Widlife
Service Biological Report 85(11.2). 37 pp.

Wnn, D.S. and K R Barber. 1985. Cartographi c nodel | i ng: a nmet hod of
cunul ative effects appraisal. 1n: Proceedi ngs of the Gizzly Bear Habitat
Synposium  April 30-May 2, 1985. USDA Forest Service, Intermountain Forest
and Range Experinent Station General Technical Report INT207. pp. 247-252.

Wtner, G.wWw.  1985a. Assessing cunmulative inpacts of hydroelectric
devel opnent.  Paper presented at the 2nd Biennial Synposium Thorne Ecol ogi cal
Institute, February 4-6, Glenwood Springs, CQO

Wtmer, GW  1985b. Assessing cumulative inpacts to wetlands. |n: Kusler,
J.A (ed.) Proceedings of the National Wtland Assessment Symposium. June
17-20. The Association of State Wetland Managers, Chester, VI. pp. 204-208.

Worl d Comm ssion on Environment and Devel opnment, The. 1987. Qur Common
Future. Oxford University Press, New York, NY. 383 pp.
Yorke, T.A 1978. | npact assessnment of water resource devel opnent

activities: a dual matrix approach. FWS/0BS-78/82. U.S. Fish and Wldlife
Service, Eastern Energy and Land Use Team Harpers Ferry, W. 27 pp.

6- 16



d e

- . .
[ e sl

wed

”.
st

Li‘.‘l > b

.l..w.;c' &J E’«l’;“"ﬁ

i
L]

I

\p«-‘w-.\;-

7.0 APPENDI X ON CANADI AN U. S. EXPERI ENCE

7.1 Overview of Cunul ative Effects Problens in Canada

Cunul ative effects problems observe no jurisdictional boundaries. Pollutants
such as airborne contamnants from industrial stacks in the United States do
not stop at the Canadian border nor is it possible to stop aqueous discharges
fromindustrial manufacturing and/or processing from crossing provincial or
territorial boundaries. It is difficult, therefore, to compartmentalize many
CE problens to specific provinces or territories. Some CE probl ens, however,

can be described generally in Canada by geographicregion and ecosystem type.

The purpose of this appendix is to give a broad overview of CE problens by
geographical region in Canada: this appendix is not designed to present an
exhaustive conpilation of known and potential CE problens or to prioritize
them This review, however, presents enough detail on CE problems to enable
the reader to visualize, in concrete terns, both the conplexity of CE and the
specific regional concerns of greatest immediate interest.

In the first section of this appendix, Canada is discussed in terns of the
following five regions: (1) Atlantic Provinces (New Brunswi ck, Nova Scotia,
Prince Edward Island and Newfoundl and and Labrador), (2) Quebec, (3)Ontario,
(4) Prairie Provinces (Al berta, Saskatchewan and Manitoba) and (5) British
Colunbia and the Territories. Interviews with environmental managers and ElA
practitioners across Canada were useful in identifying specific cunulative
effects problens on a regional basis. In addition, Peterson et al. (1987);
GAIA, An Atlas of Planet Managenent (Mers, 1984); State of the Environnent
Report for Canada (Environnent Canada, 1987a); and Environmental Quality in
the Atlantic Region (Environnment Canada, 1987b) were used. The latter is a
recent update of the state of the environment in the Atlantic Provinces based
on data col |l ected by Environnent Canada (1983). There were no other regional
conpendi ums avail abl e.

7.1.1 Categories of CE Problens

Peterson et al. (1987) identified thirteen categories into which cunulative
effects could be organi zed. This characterization i s based on a review of a
nunber of national and international papers and reports and professional
experience. In addition to Peterson et al.'s basic typology, we list an

additional three problens which can be considered relevant in a Canadi an
context (Table 7.1).

Regional ly, cunulative effects problens differ depending on the overall
intensity of human activity, and level and type of devel opnent occurring in
each area. In the interviews, perception of cunulative effects problens
differed for each region. Some CE problens, however, appear to be common to
all regions of Canada. These include the nobilization of persistent and
bi oaccumul ated substances and the |ong-term contai nnent and di sposal of toxic
wast es. In addition to industrial and nunicipal discharge of toxic
substances, nmetal nines dispose of an enormous quantity of solid wastes which
may contain substances such as arsenic, cadmum lead and nercury. (Qher CE
probl ens such as the long-range transport of air pollutants affect only

7-1



[

v

-

]

(RO

CE PROBLEMS

Atlantic

REG ON

Ontario

Prairies

British
Col unbi a

Table 7.1 Cunul ative Effects Problens (*) in Canada by Regi on.

NWF and
Yukon

8a.

8b.

10a

10b

11.

12.

13.

14.

15.

16.
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port of air pollu-
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acidification

Urban air quality &
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| ated substances
Cimtic

nodi fication
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and water by nan-
nade features

Habitat alienation
(aquatic and
terrestrial)

Habitat fragnenta-
tion (aquatic and
terrestrial)
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soil quality
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soil quantity

Use of agricul-
tural, silvicultura
and horticul tural
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Reduction of
groundwat er supplies
G oundwat er con-

tam nation

I ncreased sedi-

ment, chemical &
thermal |oading of
freshwater and narine
habi tats.

Accel erating rates
of renewabl e resource
harvesti ng

Long-term con-

tai nment & di sposal
of toxic wastes
Activities and

devel opnents pro-
duci ng carcinogenic-
teratogenic effects
Loss of biol ogical
diversity

Change in hydro-

| ogi cal reginmes of
mejor rivers/estuaries.
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certain regions in Canada. Acid precipitation, for exanple, is a major
concern to Ontario, Quebec and the Atlantic Provinces, but is not yet a big
problem for the western Provinces although "Arctic haze" has been reported for

the Territories. In the Atlantic Region, many CE problens are related to
marine activities and devel opnents. In the Prairie Region, CE problenms are
related to forestry and agricultural activities. Habitat fragnentation is

probably being experienced in all provinces to a limted extent but is nost

serious in the Prairie Region where wetlands are being destroyed for
agricultural uses.

There have been a nunber of scenarios proposed for the effects on climte and
t he atmosphere of anthropogenic pollutants discharged into the atnosphere. The
general consensus is that the increasing anounts of CO being discharged into
the atnosphere will result in global warmng by the end of the next century.

Al though the nodeling of a climate systemis conplex and not all the forcing
functions are known or understood, a nunber of nodels have been used based on
the effects of an increase in CO. Using this scenario the follow ng inpacts
have been estimated assum ng a doubling of atnospheric CO concentration by
the year 2085 (Heal ey and \allace, 1987):

1) an increase in annual mean tenperatures over Canada of about 2c° (ocean
fringes) to 4co (up to 6c° in Central Canada in wnter),

2) a consequent reduced area and duration of snow and ice cover and arriva
and di sappearance of icepacks,

3) greater cloudiness as a result of the increase in oceanic surface
tenperat ure,

4) increases in the rate of evaporation,

5) a national increase of almpst 150 nmin precipitation per year, but with
marked changes in distribution,

6) changes in windspeed,

7) changes in vegetation growth rates and other characteristics and grow ng
season,

8) increase in annual runoff rate at high latitudes, and
9) sea level rise (40-60 cmin the next century),

Many CE problens culmnate in a |oss of biological diversity. Projects, such
as nonocultural growing of forest tree species after clearcutting,
introduction of exotic species (fish, mammals, plants) to an ecosystem or
maj or habitat changes that create unsuitable habitat for indigenous species,
have the potential to affect adversely the distribution and nunbers of species

normal ly found in a particular habitat. These projects can have -major
bi ol ogi cal and econonic inplications.
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7.1.2 Some Regional Exanples

In the follow ng sections selected exanples of regional CE problenms are
discussed to illustrate the diversity and extent of CE problens in Canada.

Atlantic Provinces

Al of the CE problens listed in Section 7.1.1 affect the Atlantic Region with
varying degrees of intensity. CE problens especially relate to: (1) long-
range transport of air pollutants resulting in acidification of |akes and
rivers, (2) sonme forestry and agricultural practices, and (3) the
overharvesting of freshwater and nmarine fisheries. Being primarily rural, the
provinces in the Atlantic Region have not yet been seriously affected by
ur ban- based pol lutants such as motor vehicle emi ssions or urban expansion.
Exceptions to this include the polyaromatic hydrocarbon (PAR) |aden air
em ssions and aquatic effluents in Sydney, Nova Scotia, and the extensive
flooding in Saint John's, Newfoundland, as a result of urbanization of the
VWaterford River watershed. Resour ce-based activities, both terrestrial and
aquatic, have been the primary sources of CE problens to date.

There are a nunber of "hot spots” in the Atlantic Region where there are
pol lutant sources contributing to cunulative effects. These are areas where
industries are the sources of both aqueous discharges of heavy netals and
toxi c chem cal discharges, and acidic or carcinogenic air emssions. In
addition, there are a nunber of large-scale projects that have the potential
to create cumul ative effects in the nmarine environment. These projects
include the tidal power project on the Annapolis River, the proposed fixed
l'ink between New Brunswi ck and Prince Edward I|sland, NATO |ow level flying and

air base expansion in Goose Bay, and offshore oil and gas exploration off the
coasts of Newfoundl and and Nova Scoti a.

Cimtic nodification, although not now considered to be a critical problemin
the Atlantic Region, has the potential to be serious in the long term
Cimatic nodification of the narine systemcan, for exanple, result in a
change in fish distribution and abundance. If the associated sea |evel rise
is as high as one netre, this could drastically alter the shape of coastlines
and inundate many comunities and coastal facilities (P. Lane and Associ ates
Limted, 1988).

Quebec
The popul ation of the Province of Quebec is primarily concentrated in the
south, especially along the St. Lawence R ver. CE problens identified

through interviews with environnental managers and practitioners included:
(1) chemcal pollution in the St. Lawence R ver, (2) accunulation of acid
mning residues, (3) fertilizer, insecticide and herbicide accumul ations, (4)
soil and groundwater contamination from forestry and agricultural practices,
(5) soil erosion, (6) acid rain, and (7) ozone contam nati on. [n addition,
the problems which have been ranked as nost critical in Quebec include the
| ong-range transport of air pollutants and ecosystem acidification, climtic
modi fication, and mobilization of persistent and bioaccunul ated substances.
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Five CE problems are considered to be inportant now by the najority of persons
interviewed. These included problens #1, 3, 8, 9, 11 and 13 (Table 7.1).

Major activities and devel opments which contribute to CE problenms include the
James Bay hydroel ectric project, mning, forestry, and industrial and
muni ci pal pol lution. There are 56,460 ha of land in Quebec that have been
di sturbed by mini n%. Mbst mines are located in the southern half of the
province. Elements being mined include iron, tin, nolybdenum nickel, gold,
silver, lead, and zinc. In addition to these mning activities which
di scharge toxic waste, nunicipal waste discharges have resulted in najor
out breaks of the al ga Gonyaul ax excavata and subsequent paralytic shellfish
poisoning in the St. Lawence River.

The forests in southern Quebec have been severely defoliated by spruce budworm
outbreaks. In1982,1.2 million ha of forests were sprayed with insecticides.
Only one percent of this area was sprayed with bacterial insecticide. The
remai nder (99%) was sprayed with chemcals. Al of the aerial spraying
occurred in the lower St Lawence River area and the Gaspe. The t ot al
forested area which has had trees killed by the spruce budworm in Quebec is
11,190,000 ha (Sterner and Davidson, 1983).

Ontario

CE problens which are of concern in this province relate to activities and
devel opments associated with urbanization and industrialization in the south
as well as mning and forestry in the north. In particular, the Geat Lakes
have been subjected to nunerous studies to assess the inpact from a nunmber of
mai nl'y industrial pollutant sources on both the U S. and Canadian side of the
| akes. At present, the International Joint Conmssion is conducting a |arge
mul tidisciplinary effort on fluctuating water levels in the Geat Lakes.

Mning activities in heavily populated southern Ontario include non-toxic

el ements such as gypsum salt, magnesium and cal cium In central and
northern Ontario, however, there are a nunmber of netal nines (for exanple,

iron, gold, copper, lead, tin, cadmum and zinc). Al of these mning
activities have created substantial tailings areas where long-term
rehabilitation is needed. In addition, the nickel ore snelter in Sudbury has

been identified as a najor contributor to the | ong-range transport of air
pol lutants. Em ssions fromthis source together with the em ssions from coal-
fired electric generation stations constitute a major portion of Canada's
contribution to the acid deposition problemof eastern North America.

Hazar dous waste generation and its safe disposal are a particular concern in
Ontario since this province generates over half of the hazardous wastes in
Canada (Environnent Canada, 1986). Of the 220 waste disposal sites in
Ontario, approximtely 50% are active. These sites are not considered to

present a danger to health or to the environment at this tinmne. Anot her
concern in Ontario is the safe transportation of toxic and/or hazardous wastes
by rail. There have been a nunber of toxic chemcal spills in southern

Ontario in recent years. The province has established regulations, and its
Environnent Protection Act tracks hazardous wastes from generation through to
final disposal. In addition, the province has established the Ontario Waste
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Management Cor por ation (OWMC) for the specific purpose of establishing a
center with a conprehensive nodern treatment technology. The selected site
and technol ogi cal proposals are now the subjects of a major environmental
assessnent subm ssion under the province's Environmental Assessnent Act.

Parts of Ontario are heavily populated, and the results of urbanization are
now considered to be a major CEA issue. In particular, expansion of freeways,
airports, and residential and industrial areas is considered to be rapid and
extensive. Location of the rail system which conveys hazardous or dangerous
goods in the vicinity of Metro Toronto is now the subject of a special task

force. In addition, the safe disposal of solid wastes has become a najor
concern

Prairie Provinces

The Prairie Provinces consist primarily of three ecozones: the boreal plain,

boreal shield and the prairies. The types of cunulative effects which are
considered to be inportant in these three provinces can, for the nost part,

be based on these ecozones. For exanple, the prairies are experiencing CE
problems as a result of intensive agricultural practices which have changed
the characteristics of the landscape. Drainage of wetlands, in particular, is
a conpl ex and serious problem the ranifications of which have not been fully
realized. QG her problens such as reduced soil quality from conmpaction,

erosion, inproper fertilizer and chem cal insecticide use, and salinization
are also linked to the use of the area for agriculture

The prairie ecozone is not extensively populated, but this is the nost
popul ated area of these provinces. The few major urban center do not
contribute substantially to cunulative effects problems in this area. Farming
practices, however, have dramatically altered the |andscape both physically
and in terms of wildlife habitat.

Forests in the western foothills of Al berta (the boreal plain) have been
subj ected to outbreaks of disease, insects and poor harvesting practices.
There has, however, been linmted chemcal spraying in this area. Insects and
disease are largely controlled through the encouragenent of selective cutting
and bur ni ng. G| and gas exploration have also had an inpact on the
bi ophysi cal environment in the Prairie Provinces through the construction of
pipelines, seismc activity, tar sands developnent, and drilling activity

The northern areas of the Prairie Provinces (including the boreal shield) are
the location of a nunmber of major projects and activities related to mning,

oil and gas exploration and hydroel ectric power projects. In northern
Manitoba, for exanple, the Churchill River is the site of a nmjor
hydroel ectric project that has resulted in a nunber of environmental inpacts
on the fisheries in the reservoir. In addition to an increase in nercur

concentrations in fish species (and thus a decline in the economc value o

the stocks and an increase in the health risk associated with eating the
fish), there has been a change in the distribution and abundance of fish. The
latter has resulted in exploitation of |ower quality fish stocks.  There are

simlar inpacts associated with the hydroelectric power project on the Peace
River extending into Al berta
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British Colunbia and the Territories

Like the Prairie Provinces, British Colunbia and the Territories have few
maj or centers Of urbanization. In British Colunbia, agriculture and
urbani zation are concentrated in valley bottons in the southern portion of the
province W th the natural resource harvesting (forestry and fisheries)
occurring along the coast and in the northern portion of the province.
Forestry, particularly, has been an increasing concern in terns of habitat
fragmentation and alienation. Associated with the destruction of virgin
forests and unique habitats are the probl ens of erosion on steep slopes and
| oss of biological diversity and stability. There are al so a nunber of

hydroel ectric power projects in the province which affect the quality of
freshwater fisheries.

The Northwest Territories and the Yukon, in particular, have few CE problens
which are considered critical at this time. A though there are major problens
that can be associated with oil and gas exploration, and mning devel opnents,

these problens are |ocalized. One potentially serious problemin the
Northwest Territories and the Yukon, however, is the cunulative effects
associated with clinmatic modification. This could drastically alter the

Arctic ice regime, the extent of permafrost, and the mean annual air and water
tenperature. The latter has the potential to alter distribution and abundance

of both marine mammals and fish, and terrestrial nmanmals and ot her
vertebrates.

Al though there are no major projects affecting the hydrol ogical regines in the
North at this time, there is the possibility that the government of British
Col unbia will damone of the key tributaries of the MacKenzie watershed for
hydroel ectric power production. This woul d probably have serious
repercussions for waterfow, fisheries, and the characteristics of wetlands
along the MacKenzie Rver. Mst of the problens associated with the North,
such as mning activities, and oil and gas devel opnent, are localized and
affect only a small proportion of the total area of the Territories.

In summary, environnental problens that have already resulted or could result,
in cumulative effects are evident in nost areas of Canada in varying degrees
of intensity. The heavily popul ated areas have problens related to
urbani zation, mnufacturing, and industrial activities. The Prairie and
Maritime Provinces suffer from poor agricultural practices and extensive
forestry. Northern devel opnents and activities such as dans for hydroelectric
power may be isolated but could have far-reaching effects on both the aquatic
and terrestrial environnents. As discussed earlier, CE problens are usually
i nterconnected both spatially and tenporally. Probl ens whi ch occur on |and
have the potential to affect groundwater, surface water and narine water
(estuaries and coastal areas). CE problens are conplex. Often the effects of
activities are noticed before the activities have been identified as creating
environnental problens. The potential CE problems that have been identified
in this section for each province and territory do not constitute a conplete
list of potential or existing environnmental problenms but give an indication of
the seriousness and potential extent of cumulative effects in Canada.
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7.1.3 Ecological Interrelationships of Cumul ative Effects

O the four basic kinds of environnents (atnospheric, terrestrial, freshwater,

. and marine) and six subcategories of aquatic ecosystens (groundwater, surface

water, wetlands, estuaries, coastal areas, and open ocean) alnost all are
associated with the 16 identified CE problenms. As shown in Table 7.2, air (or
atnosphere) is the least affected by these problens but airsheds are affected
by some of the nost serious inpacts related to cunulative effects, such as
atnospheric fallout fromnuclear testing or accidents, |ong-range transport of
air pollutants (LRTAP) resulting in ecosystem acidification, and urban air
quality. Cimtic nodification resulting in increased tenperatures in the

atmosphere, in particular, has the potential for several long-term
r eper cussi ons.

The terrestrial ecosystem has the potential to be affected by all CE problens
with the exception of #11 which refers specifically to aquatic ecosystens. O
the freshwater conponents, groundwater is inpacted by land devel opments which
contribute to chemcal contamnation or reduction in groundwater supplies as a
result of activities such as the draining of wetlands or other recharge areas;

the application of toxic chemicals in the formof fertilizers, insecticides,

and herbicides; or toxic discharges fromindustrial operations. Surface water
systens and wetlands, like terrestrial ecosystems, have the potential to be
affected by all types of identified CE problens. At mospheric fallout,

terrestrial runoff, and groundwater seepage of toxins can influence the
qual ity and quantity of |akes, streams and wetl ands.

Estuari es and coastal areas such as bays and inlets are susceptible to CE

problems originating fromair and |and sources. Di scharges from nuni ci pa
sewage systens have the potential to create problems in terns of biologica
contam nation of shellfish species and | oss of recreation areas. Maj or

popul ation, centers tend to be located near or on estuaries; thus, these
centers provide a nunber of pollutant sources. As these centers expand, the

nunber, amount, and types of pollutants being discharged into the estuary grow
exponentially.

7.2 Some Canadi an Case Studies

The purpose of this section is not to catal ogue case studies involving
cumul ative effects exhaustively, rather, by reviewing a few well-documented
cases, to illustrate some of the nethodol ogical and jurisdictional issues
associated with assessing effects of activities that result in cumulative
changes to the environnent. Overall, there are considerably fewer
wel | -docunent ed Canadi an experiences in cunmulative effects assessnent than for
traditional environnental inpact assessnent. In this section, particular
attention is given to situations or issues already described by others.

7.2.1 Case Studies

The four Canadi an case studies that follow are abridged versions of the
originals presented by Sonntag et al. (1987) and Peterson et al. (1987).
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Tabl e 7.2 Ecosystens Affected by Cumul ative Affects Problens (*)

CE Probl ems

Air

ECOSYSTEM AFFECTED

Freshwat er
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Terrestrial

G oundwat er

Surface
Wt er

Wet | ands

Estuaries
& Coast al

Open

Ccean

8a.

8b.

10a.

10b.

11.

12.

13.

14,

15.

16.

17.

Long-range trans- *
port of air pollu-
tants and ecosystem
acidification
Urban/rural air *
quality & airshed
saturation
Mobilization of per-
sistent or bicaccumu-
| ated substances
Climatic nodifica- *
tion

Cccupation of |and

or water by man-nade
features

Habi tat alienation
Habitat fragmenta-
tion

Decreases | N

soil quality
Decreases i n

soil quantity

Effects of use of
agricultural, silvi-
cultural, and horti-
cultural chemicals
Reduction of

groundwat er supplies
Groundwater cON-

tam nation

Increased sedi-

ment, chemcal &
thermal | oading of
freshwater and narine
habi tats.

Accelerating rates

of renewabl e resource
harvesti ng

Long-term coON-

tai nment & di sposal

of toxic wastes
Activities and .
devel opnents pro-
duci ng carcenogenic-
teratogenic effects
Loss of biol ogical
diversity

Change i n hydro-

| ogi cal reginmes of
mejor rivers/estuaries.
Loss in ecosystem
stability
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Addi tional insights were derived from CEARC (1988) witten after the other
reports were subnmitted. The case studies are:

Fraser River Estuary;

New Brunswi ck Forest Managenent;

Land-use Practices, Habitat Fragnentation, and Soil Changes in the
Prairie Provinces; and

Leaded Gasol i ne.

Sone maj or nethodol ogi cal and jurisdictional issues raised by these cases are
summarized at the end of the section.

Fraser River Estuary

This case study, reported by Sonntag et al. (1987), is useful for highlighting
the role of regional planning in dealing with cumulative effects issues. The
enphasis, therefore, is largely on institutional aspects of CEA

The estuary of the Fraser River in British Columbia is part of a ngjor
ecol ogi cal system domnated by the Fraser River: that now includes one of
Canada's maj or metropolitan areas. The Fraser River is renowned for its
salnon runs, while it also supports the |argest population of w ntering
waterfow in Canada and is an inportant stopping point on the Pacific flyway
for mgrating birds. Human settlenent has radically changed the |ower Fraser
Valley over the last fifty years: dyking channels the river; two-thirds of
the original wetlands have been drained: and forests on the valley floor have
been replaced by agriculture and urban devel opnent. Increasingly, comercial
fishing fleets are sharing moorage with international trade and recreational
boats, while industrial effluents, sewage, and run-off are discharged
t hroughout the estuary. Such a scenario is alnost guaranteed to result in a
variety of cunulative effects, issues, and concerns.

From the Fraser case study, it becomes clear that nuch is known about the
cumul ative degradation or |oss of ecosystens in the Fraser estuary and the
factors contributing to this degradation.

Sonntag et al. (1987) discussed the institutional role that regional planning
has played in initiating prograns designed to control activities that result
in cumulative effects, and they traced the evolution of regional planning
programs and authorities in the |ower Fraser River area. The authors al so
di scussed how EIA hel ped develop the information base.

ne specific exanple of how inpact assessnents have hel ped address cunul ative
effects in the Fraser estuary involves the proposal in the early 1970'sto
expand Vancouver International Airport onto Sturgeon Banks. This stinulated
public concern for the cunul ative consequences of devel opnents in the
estuary. As one of the first projects submtted to the federal Environnental
Assessnent and Review Process Ofice (EARP), the proposal led to intensive
questioning of both the biophysical and socio-econonm ¢ consequences of the

project. It also stinulated simlar questions about other devel opments in the
estuary. These concerns resulted in several activities by government
authorities. In 1977, the provincial Cabinet approved Oder-in-Council 908
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(requiring environnental inpact assessments for devel opnments outside the
dykes), and the federal and provincial governnents signed an agreenent to
undertake the Fraser River Estuary Study (FRES)

The FRES program still continuing, was initiated to define the estuary
nmanagenent problem to formulate management strategies, and to eval uate
alternative institutional arrangenents for ongoing managenent. \Wile there

have been notable successes in this program it is also clear that najor
chal l enges await solutions. For instance, developing institutional responses
is still a lengthy process, and ongoing political controversy and |ack of
political conmtnent to regional planning make the job nmore difficult just at
a time when cunul ative effects issues are beconming nore nunerous and difficult
to predict. Success in dealing with these issues will, according to Sonntag
et al. (1987), depend on continuing to learn how to integrate planning and

impact assessnent techni ques and processes to provide a tinely basis for
action

New Brunswi ck Forest Managenent

This case study, also reported in Sonntag et al. (1987), provi des a good
exanpl e of how poor environnental problemdefinition can del ay the process of
seeki ng and inplenmenting a sol ution. New Brunswi ck has the | argest
proportion of forested land of any province in Canada. Econonic devel opnent
has traditionally involved exploitation of the forest resource to pronote
| ocal and regional econom c grow h. Si mul t aneously, however, undesirable

| ocal ecological inpacts from harvesting have resulted in regional degradation
of the New Brunswick's forest industry

Al though many of the factors contributing to these cunulative effects were in
operation since at |east the 1950's, resource degradati on was not recognized
as a significant problemuntil the early 1970s when | ocal industry began to
eval uate why they were |osing conpetitiveness in world trade. Sinply stated,
the problemresulted fromthe accunul ati on of consequences of many small-
scale interventions by man and natural agents (for exanple, harvesting and
budworm | nfestations) that occurred over approximately seventy years. The
result was not only a product of poor quality (unusable species), but also a
projected shortfall in the volume of raw material. Once it was agreed that
maintaining the flow of quality material was the real problem enphasis on

designing and inplenenting long-term corrective measures soon fol |l owed (Regier
and Baskerville, 1985).

From the description in Sonntag et al. (1987) it is unclear what ecol ogica

met hods were used to analyze the cumulative effects problemin the New
Brunswi ck forests. The aut hors, however, provided insights into the
institutional mechanisms that were used to deal with the issues, once they
were identified.

The projected shortfall in tinber supply led the province to conmssion a
forest resources study in 1974 (Province of New Brunswi ck, 1974). The
resulting report advocated establishing a new forest managenent program and
produci ng conprehensive guidelines for forest resource devel opment.  Noreover

new | egislation was initiated to bring control of tinber |icenses under one
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agency, the Departnent of Natural Resources. In addition, in 1980, the
province passed the Crown Lands and Forests Act to reallocate access to Crown
ti mber (Province of New Brunswi ck, 1980). This Act has now made it possible
for the provincial governnent to rigorously design and control forest
nmanagenent.  The Act al so provides incentives for silviculture to inprove the
wood supply situation. This case study shows that even in a province that
denonstrated the ability to react positively and rapidly to a cunulative
effects problem there was still a lag of ten years in applying nethods for

the purpose of identifying and quantifying the nature and significance of the
effects.

Changes in Land-use, Habitat, and Soils in the Prairies

This case study, as described by Peterson et al. (1987), focused on habit at
fragnentation and soil changes that result from land use practices detern ned
mai nly by thousands of individual land owners. O all the case studies, this
is perhaps the best illustration of the "tyranny of small decisions". This
case study has been treated as a CEAfeasibility study in Volume Il of this
Quide (Wallace and Lane, 1988). The area of concern is the zone extending
from the Peace R ver region of northeastern British Colunbia across the
northern fringe of the prairies to southeastern Mnitoba. Along with
agricultural areas, this zone also includes the forestry-agriculture interface
along its northern and western edges. In this region nost ecosystem
di sturbances are fromless intensive land uses. Notable exceptions include
urban areas, mning for oil sands and coal, and reservoirs.

The dominant institutional and socio-economc feature of this region is the
exceptional |y |arge nunber of individual farns, many of which are still fanily
operations.  Thus, the decision nmaking process controlling |and use practices
and, hence, habitat fragmentation and soil changes, is highly decentralized.
To assess effects of land use practices and agricultural chemcal use on any

given site is difficult; to evaluate the effects of these practices on a
regional basis is even nore difficult.

Peterson et al. (1987) discussed the fact that given these circunstances,
standard EIA methods are inadequate. They discussed ways in which the problem
coul d possibly be managed, and they suggested that economic incentives,
educational and extension prograns, and perhaps planning procedures mght all
be appropriate. Since few of the cunulative effects associated with
agricultural practices are perceived as representing a serious or immediate
threat to human health, neither public concern nor political will exists to
force changes. Furthernmore, many of the cunulative changes are difficult to
detect. In the absence of data to document these changes, it is difficult for

many of the decision makers to realize the need to change current |and use
practices.

Despite the fact that a wide range of provincial and federal agencies have
interests and mandates to help in managing the land and soil resources, there
seemto be few attenpts to coordinate efforts. Furthermore, exanples exist of
prograns adm nistered by one agency actually helping to cause the effects that

another is trying to resolve. Together, all the factors described above help
prevent the discovery and application of solutions. Until |eadershipis
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forthcoming, it is likely that land use practices wll continue to be guided
nore by econonic forces than by the need to conserve land and soil resources.

Leaded Gasoline

In this case study by Peterson etal (1987), cunulative effects associated
with the use of |eaded gasoline are exanmined in |ight of how the effects were
first assessed, and then used in drafting legislation to control use of this
product . Leaded gasoline use produces airborne emssions of particulate
| ead. Not only do these em ssions result in elevated |ead levels in the
atmosphere, but lead concentration levels also increase in water, urban
topsoil and dust, and in foods. Since lead is persistent in the environment
and accumul ates in animal tissues and water and plant cells, the possibility
for cumulative effects is obvious. Because of continual exposure directly and
through the food web, human lead levels are rising correspondingly

As Peterson et al. (1987)pointed out, the regulatory actions in this case
were initiated only after overwhel ming scientific evidence had been collected
denonstrating that cumulative effects had already occurred. This delay seens
to have been related to the fact that even though scientific evidence |inking
cumul ative doses with human responses was avail able, econom ¢ data played a
much larger role in influencing legislation to control |eaded fuels.

After studying this case in detail, Peterson et al. (1987) suggested that even
t hough scientific methods nay be applied for analyzing a cunulative effects
problem the results will not necessarily be used in efforts to solve the
problem  Thus,an inmportant point when evaluating the "effectiveness" of any

met hod designed for assessing cumulative effects is whether the results wll
be understood, and used, by decision makers.

To deal effectively with problens such as | eaded gasoline, all related
envi ronnental consequences of an activity will have to be assessed in an
integrated, holistic environnental assessnent. It seens |ikely that had such
an assessnment been done for lead in the 1920's, when anti-knock additives were

first proposed, human health concerns woul d have indicated the unacceptability
of discharging this substance into the atnosphere.

7.2.2 Sone Concl usi ons

The four case' studies outlined above offer' insights into both the
met hodol ogi cal and jurisdictional concerns associated with cumulative effects
probl ens; these are summarized in the follow ng paragraphs.

Recently, considerable attention has been devoted to the question of what
met hods and procedures are nost appropriate for use in cunulative effects
assessments. As the |eaded gasoline case study illustrates above, there are
reasons to suspect that the availability of appropriate nethods or procedures
is not the bottleneck preventing CEAs from being undertaken. Nevert hel ess,
more advanced methods are required for use in CEA than in traditional EIA.
For exanple, in cases where cunulative effects are associated with threshol ds,
nmet hods for identifying and quantifying these thresholds are required.
Likewise, difficulties in quantifying the rate and extent of soil degradation
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and loss are related, in part, to the lack of methods for carrying out such
anal yses.  The paucity of methods for evaluating' the significance of |osing
part of an estuary, or a forest, or any ecosystemis likely to at |east cause
difficulty when attenpting to assess cumul ative effects

Even if nethods, such as those called for above, were available, they would
not only have to be used in CEA but also interpreted by scientists and
decision nmakers. This calls into question the issue of whether the overal

framework that has been devel oped to date is adequate. The question of how to

interpret results from CEA is not trivial. If nmethods used to neasure
cumul ative effects are conplex, then the results may be difficult to convey
to decision makers. In such cases, it may be difficult to judge whether or

not the CEA was worthwhile.

A frequently asked question surrounding cunulative effects issues is: "Wo
shoul d accept responsibility for carrying out the assessment?" |In the case of
a typical devel opnent project requiring an EIA, it is generally accepted that
the proponent will be held responsible for having the assessment prepared. |t
is nuch |l ess clear who should carry out the assessment of cumulative effects

of. for exanple, agricultural practices in the prairies or logging in New
Brunswi ck.

Presumably, nost, if not all, of our current governnent and soci al
institutions were created to deal with problens that existed at the tine of
their creation. As new issues and probl ens emerged, mandates increasingly
began to overlap. Wile adnittedly oversinplistic, this helps explain some of
the confusion over who is responsible for dealing with cumulative effects

issues. In nost cases no one existing institution is responsible for dealing
with this issue, and it is often nore conplex than any one contenporary
institution appears able to manage effectively. This is not an insoluble

problembut its solution will require some changes in Canada' s present
assessnment process or nore likely, in institutional systens.

Since jurisdiction also inplies responsibility, and responsibility is at the
heart of all cumulative effects problens, who, for instance, is willing and
able to take responsibility for evaluating cunulative assaults on the

environnent?  Equally inportant, who will decide when a threshold has been
reached or surpassed, and what to do about it?

Few of the issues that are currently regarded as exanples of cunulative
effects are truly new.  Mst have been known for some tinme under other nanes
such as land use, habitat fragmentation, and soil degradation issues discussed
for the prairies. Nearly all of these problems were well known in the 1930s.
Wat prevented action then, as now, was not primarily alack of understanding,

but rather a lack of coordinated efforts to develop and inplenent solutions.

Redesigning sone institutions to renove jurisdictional barriers will be an
inportant step toward pronoting cooperation and joint problemsolving.

7.3 U.S. Experience In CEA

Since the late 1970's, the U.S. Council on Environmental Quality has included

cunul ative effects in regulatory policy. The National Environmental Policy
Act (NEPA) is usually acknow edged for requiring cumulative inpact (Cl)

7-12



assessnents even though NEPA does not specifically nention cunul ative inpact
(cx). (Note that cunulative inpacts [Cl) and effects [CE] are used
interchangeably in this Quide although U.S. customtends toward Cl and
Canadi an custom toward CE). The Council of Environmental Quality has
subsequently promulgated regulations that require consideration of Cl for
I npl ementing the NEPA In the last ten years, there has been an intensive
effort in the US. to devel op CEA nethodol ogi es which have often been applied
in a case study format. Several state and federal agencies have been invol ved

in these efforts as well as a nunber of najor proponents. In particular, the
U S Fish and Wldlife Service at Fort Collins, Colorado, has had a cunul ative
i npacts research teamin place for several years. It has been specifically
charged with developing a cumulative effects process. In total, the CEA

studies in the U S have been diverse in ternms of philosophy, approach, type
of ecosystem and perturbations, methodologies, format, conclusions and
recommendat i ons. These very disparate efforts are difficult to summarize
succinctly. It is inmportant for the reader, however, to be aware of this
diversity and have a general guide to which groups are using which
net hodol ogi es. Wth better liaison between U.S. and Canadian assessnent
efforts, more progress could be made on CEA in both countries. It is clear
that careful review of U S efforts will provide cost and tine savings here
in Canada, and we should plan our CEA efforts with enhanced U.S.-Canadian
|'i ai son. Several references describe U S. approaches to CEA and provide a
useful context for the methodol ogical techniques listed therein (Cine et al.
1983; Horak et al., 1983a,b).

7.3.1 Current Federal Agency I|nvolvenent in CEA

The current status of major federal agency work on cumul ative effects in the
US. is briefly summarized in Table 7.3. Each federal agency and its main C
activites are briefly described bel ow. I ndi vi dual states and private
proponents are also taking an active interest in CEA but these diverse
efforts are difficult to summarize in a short space

Bonnevi |l |l e Power Adm nistration, USDE

Concern over cunulative effects resulting from hydroelectric projects in the
Paci fic Northwest has been increasing in recent years. The Northwest Power
Planning Council adopted cumulative effects provisions in the Colunbia R ver
Basin Fish and Wldlife Programin 1982. |n support of those provisions,
Bonnevi |l e Power Adm nistration (BPA) funded Argonne National Laboratory (ANL)
to develop criteria and a method for assessing potential cunulative effects of
hydroel ectric devel opnents on fish and wildlife (Bain, 1985,b,c). BPA also
funded a study to devel op and apply nethods to evaluate the cunul ative effects
of twenty proposed small hydro projects on fisheries resources in the Swan
R ver drai nage of Montana. Econom c as well as fisheries inpacts were
included in that study (Leathe, 1985).

Arnmy Corps of Engi neers, USDCOD

The Arnmy Corps of Engineers (ACE) devel oped procedures for analgzing
cunul ative inpacts at a relatively early date (Dames and More, Inc., 1981).
This resulted in a conprehensive and detail ed handbook that reviewed the |ega
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Tabl e 7.3 1 nvol vemrent of U.S. Federal

Agencies in Cunul ative Inpacts (CIs)

Assessnent

Agency Maj or Case Study Principle

Met hods or Process Ref erences
Bonneville Habi tat Anal ysis, Swan River Drainage Leathe et al..,
Power Adni n. Fi sh Popul ati ons, Mont ana Hydro- 1985
USDE Economi cs, electric

Hydr ol ogy Devel opnent
Arny Corps General Cl Analysis Draft Handbook Dames & Moore,
Engi neers I ncluding Public of C methodol ogy Inc. ,1981
USDOD Interest Review
Envi ronment al 1) Island Biogeo- 1) Bottom and 1) CGosselink
Protection graphy AEAM Har dwoods & Lee, 1986
Agency 2) Collaborative 2) Process 2) Preston &

Ecol ogi cal Devel opment Bedf or d,
Ri sk Assessnent 3) Freshwat er 1887
Vet | ands
Federal Energy Custer |npact Sal non River and 1) Bain et al.,
Regul at ory Assessment Process Snohoni sh Ri ver 1985a,b,c
Comm USDE Hydroel ectric 2) US. FERC
USDA Devel opnent EIS.,1987
For est General Process General  Quidelines 1) USDA, 1981
Service Fr amewor k 2) USDA, 1984a,b
USFS l 3) Sal wasser &
Samson, 1985

Nat i onal 1) G ProblemSolving 1) dacier National

Park Service
UsDI

2) Least Acceptable
Change

Par k

2) Denali & O her Parks
3) Al aska National Park

Ral ey et al.,
1987

Fi sh and

stfil ife Serv.

Ceneral C
Probl em Sol vi ng
Process

1) Chesapeake Bay
2) Mobile Bay
3) G eat Lakes, UMR
4) Upper

M ssi ssi ppi

1) WIliamson et
al., 1986

2) Armour et al.,
1984



basis for cumulative inpact (Cl) assessnents and describes CI assessnent
procedures needed to neet CE jurisdictional nandates. This includes physical,
chem cal and biological changes as well as economc, social and behavioura
effects, because the ACE has responsibilities for balancing differences in
public interest reviews. Both positive and negative inpacts are discussed, as

are direct, secondary, indirect, future, aggregating and grow h-inducing
effects

ACE has not officially adopted the approaches outlined in the Dames and More
Draft Handbook, and the Handbook is not generally available. (Qher documents
by ACE (for instance, |NTASA Inc., 1981a,b and Horak and VI achos, 1984) have
i ncorporated many of the recommendations made by Dames and Moore, Inc. The ACE
has explicitly addressed C as part of their extensive regulations for
controlling certain activities in waters of the United States

1

Envi ronnental Protecti on Agency

The Environmental Protection Agency (EPA), in cooperation with the FW5

conpleted three workshops concerning ecological inpacts in bottonland
har dwoods. Cunul ative inpact was -not the intended purpose or direction of
t hese workshops, but Cl analysis became an inportant part of understanding the
ecological inplications of diverse activities occurring throughout |arge
wat ersheds or river basins (Roelle et al .,1985;1987). (ne subgroup argued
that there are inportant |evels of analysis (watershed, regional |andscape)
above the site-specific (local) ecosystem and, furthernmore, that emerging
scientific understanding of processes is sufficient to formulate regul ations

at these levels under the general heading of cunulative inpacts. A basic
approach was briefly outlined for several higher-level functions of botton and
hardwoods, such as maintenance of natural biotic diversity. A genera

| andscape ecol ogy approach to Cl in bottonland hardwoods was al so described as
a result of this project (Gosselink and Lee, 1987).

EPA has a project connected with its Corvallis Environnental Laboratory to
devel op a sound scientific basis for investigation of cumulative effects on
freshwater wetlands. A workshop was held in 1986 invol ving presentation of
papers regarding cunul ative effects on wetlands, and the proceedings are
forthcom ng. EPA is also working with the FW5 to devel op ecol ogi cal risk
assessnment procedures that can be used to estimate biological thresholds. Two
wor kshops have been conducted in this project, and reports are in preparation.

Federal Energy Regul atory Conm ssion, USDE

The Federal Energy Regul atory Conm ssion (FERC) has no specific regulations on
cunul ative inpacts. The FERC can issue prelimnary permts, licenses and
exenptions on a case-by-case basis with no review of a particular project
application in relation to other proposed projects in the same river basin

The Conmission has stated, however, that it would honour the recommendations
of relevant agencies when certain project inpacts cannot be mtigated and
residual inpacts remain. Some of these involve cumulative effects

In April, 1985, the FERC devel oped the cluster inpact assessnent procedure
(CIAP) to evaluate the cunulative effects of nultiple hydroelectric projects

7-14



wed

o

&

L3

- three pilot river basins, incl ug'
- i i The CI AP was applied to _ : haP
't:O !’Vsie(;)a?I ns{he <t coction PPe &ap geogr aphi ¢ areas of concern tnau
cbhldlhave algverse I:e(?fec?(-s3 O Uarget resources T2V peen | dent 1 T16da. = FERC's
current position is that CI studies are only needed when |icensed projects are
clustered in a river basin, mot when they are di spersed.

Eorest Service, USDA

i ' i suppl enent i ng NEPA-implementing
The Forest Service (USFS) i ssued regul ations pp g

procedures in 1981 statin that inpacts may be direct, indirect or cumulati
-(USDA, 1981). In 1984, t%e USFS published a notice of proposed revisions
NEPA- i npl ementi . ng decisions, including a nore distinct definlt%%n of q (USDA’I
1984a). Teams conducting environmental analysis must have tN€ Proressiond
capability to identify and evaluate the potential direct, indirect and
cunul ative, social, econonic, physicaland biol ogical effects of proposed
actions and alternatives.

Qui delines for inplenenting cunul ative effects analyses wereprovidedinan
unpubl i shed report in 1984 (USDA, 1984b). The purpose of the report was to
provide a framework of assunptions and principles that should be considered
during C analysis in forest planning. The process is generic, with criteria
to be devel oped, and applied based on individual situations. The cunul ative
effects task force further el aborated a generalized process for use in forest
pl anning for the American Forestry Society (AFS) (USDA, 1987; Sal wasser and
Sanson, 1985). Process steps include C description, spatial bounding,

threshold descriptions, data collection, effect prediction, nitigation
determnation, and nonitoring.

National Park Service, USDI

The National Park Service (NPS) 'devel ops master plans for each of the units
under its jurisdiction. Unlike the Fish and Wldlife Service, NPS has strong
jurisdictional authority over the natural resources it is responsible for
protecting. Cl studies on dacier National Park in 1986 and Denali National
Park in 1987 grew out of managenent planning activities. The NPS is currently

developing a Cl process based on limts to acceptable change (LAC) for trial
use in Denali and other Al aska park units. These studies are briefly
di scussed in the next section.

U S. Fish and WIdlife Service, USD

The U.S. Fish and Wlidlife Service (FWs) in 1982 funded a project entitled,
"Methods for Determning Cunul ative Effects of Coal Activities on Fish and
Wldlife Resources". The overall goal of the study was to identify and
summarize the state-of-the-art of biological assessnment and nonitor the
cumul ative effects of developnent on fijsh and wildlife populations and
habi tats. Three docunents were devel oped and first reviewed by an

interdisciplinary working group and later by attendees at a national workshop
and a technical review session, both held in July, 1982,

The first document, "Fish and Wldlife and Cunulative Effects: |s There a
Pr obl enf"

(Horak et al., 1983a), was devel oped primarily for policymakers and
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the public. It enphasized a non-technical discussion of the genera

cunul ative inpacts issue. A classification system was proposed to represent
the broad range of cumulative inpacts. Fish and wildlife may be affected by
many projects of the sane type, individual projects involving different types
of activity, or the conbined effects of two or nore actions on various
wildlife habitats and species.

The assessnent of project inpacts is viewed as part of a larger process for
tracing the effects of change on biological, physical and social environnents.

Recommendations to inprove C assessments therefore enphasize the inportance
of cooperation anong agencies and industries. Government agencies nust becone
nore famliar with the notivations and actions that industries follow in

pursuit of their econonmic devel opment objectives. In general, decision makers
need to understand the goals, mandates and methods of other organizations if
CIs are to be managed nore effectively. It is further recomended t hat

approaches which allow for a range of possible outcomes |eading to decision
maki ng be exam ned through case studies, workshops or national conferences

Field biologists need training in the broader institutional setting of C

I ssues including terns, characteristics and nethods for assessing cumulative
| npact s. Basic research on specific ecological functions and processes, and
alternative institutional nechanisnms was also recomended.

The second document, "Methodol ogi cal Quidance for Assessing Cunul ative Inpacts
on Fish and Wldlife" (Horak et_al., 1983b), provided interim guidance for
field biologists who nmust assess cumulative inpacts. It focused on nethods
then available with potential utility in C assessnent

A cumul ative inpacts research and devel opnent project was initiated in 1984 at
the National Ecology Center (NEC) which is part of the USFWs in Fort Collins.
The C project was designed to follow some of the inportant recomendations
made in the Horak et al.(1983a,b) work. In particular, a collaborative
probl em sol ving (CpPS) approach is being used to devel op cause and effect
anal yses to narrow the problem and establish causal pathways for nore
i ntensive research and managenent decisions. Collaboration vertically wthin
organi zations, among relevant disciplines and among institutions is stressed
throughout the G project. This can best be acconplished through interactive
wor kshops conducted periodically through the design, devel opnent and
i mpl enentation phases of the project.

The emerging FWS/NEC Cl process is based on general problem solving approaches
such as those described by the National Research Council Committee on the
Application of Ecological Theory to Environmental Problens (1986). Fam liar
steps of problem definition, analysis, consideration of alternatives, and
monitoring are used by project-specific work groups to organize a C
assessment.  Flexibility in choosing specific approaches is essential because

of highly variable legal, institutional and budgetary constraints. The
approach is sunmarized in Table '7.4.

7.3.2 Case Studies

Table 751ists case studies and projects which the cumulative inpact project
team of the U S. Fish and WIldlife Service/National Ecol ogy Center
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Table 7.4 Collaborative Problem Solving Process (CPS)
(R Johnson, pers. comm., FW5, Fort Collins,

STEPS

1) Identify the Problem
0 Conduct CPS workshops to
- identify the probl em
- establish prelimnary cause and effects
- bound tine, space and concepts

co)

match legal institutional and regulatory entities (LIR)

2) Develop Conceptual Hypothesis:
0 Determne C classification
0 Determ ne nmethods or nodel s
0 Conduct CPS workshop to
- finalize cause/effect understanding
- design enpirical analysis
assign work

3) Anal yze Probl em (test hypothesis):
0 Review |iterature and collect data
- resource inventory, status and trends
- LIR and soci oecononi ¢ consi derations
0 Build and execute nodel s and net hods

4) State Results and Conclusions
0 State results of enpirical analysis
0 Relate and predict consequences for
- environnental nanagenment objective
- LIR and soci oecononi ¢ policy inplications

5) Make Recommendations and Process Revi sions:
0 Evaluate study and results
0 Recommend use of study results
0 Recommend future work
t echni cal nethods
- LIR and soci o-econoni ¢ consi derations
0 Design nonitoring and feedback evaluation system
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participated in or observed. It should only be viewed as representative of
U S. work in CEA, not an exhaustive list. W briefly elaborate on these
studies in this section.

FWS/NEC Cl Proj ect

A col | aborative problem solving (CPS) process is being used to devel op and
inplement a cunul ative inpact assessnent process for FWS/ NEC. A brief
description of recent Fws involvenent in Cl assessnent, and the description of
the c1 process were provided in the previous section. W list that project
again here in order to illustrate the breadth of applications addressed by the
Cl process, andto describe how various nethods were used. \Wereas in the
previous section we described a specific C assessnent, in this one we discuss
how the C process is being devel oped.

Initially, traditional literature review procedures were enployed. The FWS
docunents produced by Horack et al.. (1983a,b) were the nost useful references.
Sone conceptual underpinnings achieved in that study allowed for a tenporary
by-pass around definitions and typologies to provide recomendations for
future work. An adaptive and cooperative approach utilizing nore than one
technique, heavily conditioned by institutional realities, was incorporated

into the design of the FWS/NEC Cl project. The Horack et al. (1983a,b)
studies also provided justification for involving representatives of several
organi zational levels within the FW5 various scientific disciplines and

diverse institutional interests in designing the project. The NEC director
(then Leader of the Western Energy and Land Use Team which NEC repl aced), the
Director of the Division of Biological Services, and the Director of
Ecol ogi cal Services were active in technical as well as managenent and
admnistrative decisions all within FW. Al three of these |eaders
participated in a three-day Cl project scoping neeting and attended a field
supervisor's conference where CI was selected for discussion as a high
priority issue in the FW5, This support by high level officials provided
managerial expertise and policy relevant to the study design, contributed

technical expertise, and legitimzed the enthusiastic participation of others
in the project.. \

Field biologists, field office supervisors and relevant regional office
representatives also participated in these early neetings. Thei r
participation contributed essential technical and pragmatic institutional
expertise, began a training function and enhanced inplenentation opportunities

through case studies. The general Cl project was designed during these early
meetings (WIliamson et al., 1985).

Several nethods used during problemidentification and scoping for the cI
project were later used in case studies and will be included in the nenu of
met hods for various tasks in the general C process. In particular, noninal
group techniques (Delbecq et al., 1975)and cause/ effect analysis (Arnour et

al., 1985 WIliamson et al., 1986) have becorme val uable tools in cumulative
probl em sol ving-process (CPS).

Anal ysis in the CPS approach is dom nated by the use of a case studies. These
case studies may be viewed as addressing the inplicit hypothesis that a CPS
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Table 7.5 Case Studies and Projects which the Cumul ative Inpact Project Team

of the U S. Fish and WIdlife Service/National Ecology Centre have
Participated in or Coserved.

Case Studies and Type and Institutional Scopi ng
Projects Pur pose Jurisdiction Met hod
FWS/NEC - Process - FW6 -Cl Process
Cl Project Devel opnent -ot her agencies - cause/ ef f ect

- Sci ence -noni nal group

t echni que

Chio, Tennessee -Barge Traffic -C
Cunberland Rivers -FWS, states, &
ot her agencies

- o - - G . D A G —— - S - e T - - —— - = D G . S - - = -

.

"
e ind

?

Bot t om and -Regul atory - EPA: -AEAM scopi ng
Har dwoods Pol i cy A, FW5 states, meeting
-Process devel. other agencies
Snohomi sh - Low head -FERC -FERC's
Ri ver hydros and FWS,NMFS, Tribes G AP
-process devel. state & other
Sal mon - Low head -FERC: -FERC's Cl AP
Ri ver hydro & process FWS,NMFS,Tribes
devel opnent State & other
Chesapeake -Bay recovery -EPA - FW6 -CI process
Bay plan -private, state -cause/ ef f ect
federal agencies -nom nal group
t echni que
Mobi | e Bay -Bay recovery -Cl: FW5 cause/ ef fect

Upper M ssi ssi pp
Ri ver

-interagency

Ecol ogi ca
Ri sk Project

-States, |ocal

-recreation -CI: FWS
Pl an -UVR Basin Comm

-barge traffic inc. state & fed

agenci es

-process devel. -EPA FW6
-thresholds and -Universities

-col | aborative
wor kshops

meet i ngs and
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Table 7.5 (cont'd.)

Case Studies and Type and Institutional Scopi ng
Projects Pur pose Jurisdiction Met hod
G eat Lakes -international -FWS: -Cl process
resource project -GS coord.
and pl anni ng comm. included
d acier Park -park naster - NPS -interagency
plan -FWS meetings &
-other agenci es correspondence
North Sl ope -energy devel . -FWS: USDI -1 nteragency
Al aska -regul ation -State of Alaska  neetings
-Gl firns - cause/ ef f ect
-Public
Nat i onal -placer mning -NPS: EPA -1 nteragency
Parks, Al aska -process devel . ~-FWS, state of

Al aska

meetings and
correspondence



approach, utilizing real world |earning experience, can nost easily lead to an
effective Cl assessment process (Table 7.4). Thecasestudies (listed In
Tables 73and 7.5) are briefly discussed as observations or experinents in
support of that inplied assunption.

Chi 0 Tennessee and Cunberl and Rivers

The Cnio, Tennessee and Cunberland Rivers (OTCR) case study was a very short-
term project for the FWS/NEC CI project (CIP) team. The FWS Field Office in
Cookville, Tennessee, prepared comments on C permts regarding barge traffic
on OTCR  The CIP team spent a total of two man-weeks assisting the field
offices in developing and presenting a cursory cause/effect (C E) analysis
(only about two dai/]s were spent in actual CE nodeling). Most of the
coordi nation for the work was acconplished by tel ephone and by mailing
document s. Two Cl P Team nmenbers from NEC attended an inter-agency worKking
meeting in Cookville to provide briefings on the CE nodel and learn nore
about the C problem (Figure 7.1).

Information available fromthe CE nmodel was sufficient to neet the needs of
ACE and the Fws field office in determning principal resources of concern,
rel evant perturbations and causal pathways. Col | aboration between two field
of fices of the FWS was enhanced by the CI assessment. The nmjor contribution
of this project to the devel opnent of a general C process was the successful
use of C/ E analysis over the short time frame and nodestly funded project.
The CE nodel did not provide quantitative answers to detailed questions, but
it did provide a mechanism for consensus between agencies about inportant
variables to work with, and a framework for tracking potential effects of
barge traffic on fish and wildlife resources.

Bot t oml and Har dwoods

The Bottom and Hardwoods (BLH) case study was conpleted with NEC facilitated
model i ng wor kshops through an inter-agency agreement between the FWs and ERA.
The initial thrust of the study was toward agency policy devel opment, not to
develop C processes or to assess C. One nenber of the FWS/NEC cunul ative
I npacts project team however, was involved in the project, and Cl assessnent
became a major issue during the course of the study. A scoping neeting and
three workshops were nanaged by a nodified adaptive environnental assessment
and managenent (AEAM process (Holling et al., 1978a,b). Sinulation nodels
were not constructed, but the general AEAM facilitated Wor kshop approach was
utilized to develop word nodels and data conpilation regarding the functions
and attributes, of bottom and hardwoods and 'the |ikely environnental
inplications of alternative BLH devel opnent actions.

A subgroup, established to consider CIs and nethods to assess them concl uded
that increnmental analysis of site-specific devel opnent activities could not be
acconpl i shed effectively with the existing institutional-jurisdictional
f ramewor k. Moreover, mechani sms for establishing ecol ogical objectives for
spatial areas that reflect cumulative effects were not avail able. One
recomrendation growing out of this work was that |andscape ecol ogy and island
bi ogeography be used to assess Cl (CGosselink and Lee, 1987).
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This case study exhibited good col | aboration within relevant units of EPA and
between resource enhancenent agencies. Representatives of permtting agencies
and resource devel opment interests were included in the workshops. Economsts
were invited to-one Oof the workshops in an attenpt to seek interdisciplinary
strength for evaluating, identifying, and describing, inportant functions
identified in the Bottom and Hardwood Case Study (Gosselink and Lee, 1987).
The NSt i mportant contribution of the BLH study to C process devel opnent was
the determnation that although ecol ogi cal goalsare essential, they
frequently are not available at scales that match C problens. The

description of |andscape ecology and how it might be used in C assessnment is
an inportant advancenent.

Snohoni sh River and Sal non Ri ver

The Federal Energy Regulatory Commi ssion (FERC) conducted two separate
cunul ative inpact assessments as part of the NEPA-required regulatory
conmpliance for licensing snmall hydroel ectric projects. These studies were
| ocated in the Snohom sh River Basin in Wshington and the Salnon R ver Basin
of I'daho where nultiple hydroel ectric projects were proposed.

The scoping neetings for each project followed the scoping process outlined in
FERC's clustered inpact assessnent procedure (ClIAP), which consisted of
several interactive neetings between the study participants and federal and
state natural resource agencies to develop the study scope, gather
information, and evaluate the assessment nethodol ogy. The actual assessnent
of inmpact was carried out using a variant of the Argonne multiple natrix

net hodol ogy (Bain et alL., 1985a,b,c), devel oped by Argonne National Laboratory
(ANL) who participated in the study with FERC

The matri x-based approach was designed to accumul ate inpacts fromthe
assessnent of single-project effects. Target resources, such as fish or
wildlife species, were identified and for each target resource, a nunber of
resource conponents were identified which would be inportant to the target
resource. For the Salnon River and Snohonmish River studies, the inpact of
each project on each target resource conponent was assessed in terms of a
numberical criterion. Assessnents for all projects for a single resource
conponent formed a matrix vector. A project by project matrix was then
formed, in which were placed elements expressing whether the inpacts of each
possible pair of projects could interact in a nonlinear way. This matrix was
called the interaction matrix; and, when the interaction matrix was multiplied
by the vector of project inpacts the cumulative inpact of all projects on a
resource conmponent was estimated. Addi ng the cunul ative inpacts for al

resource conponents for a single target resource resulted in an assessnment of
the cumul ative inpact of all projects on the target resource. Ecosystem
effects, such as the relationship between eagles and sal non were entered into

the analysis at the resource conponent |level, salnobn being a resource
conponent for eagles.

The results of the cunulative effects assessnents were used in the decision
maki ng process after examning the cumulative effects of all possible
conbi nations of projects on each target resource. Since cunul ative effects
assessnent de-enphasizes the significant single-project effects, project
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conbi nations in which highly significant single-project effects Were present
were flagged for special consideration. Project conbinations which either
were flagged or had high cunulative effects on any target resource were
elininated from consideration as a licensing scenario. The studies resulted
in recomrendations to the FERC conmissioners for alternative |icensing
scenarios, and final EISs have been issued.

Col | aboration of natural resource agencies in the cunulative assessment
process was sought, but success was limted. The scoping and |icensing
process was ?enerally unresponsive to agency concerns and review comments.
Since new infornmation regarding the projects could not be sought due to the
time frane in which a decision was to be made, inpacts were expressed in non-
quantitative terns. This was unacceptable to several resource agencies. The
use of evaluative criteria was very problematic and did not satisfy those
agencies requesting inpact quantification or those agencies opposed to inpact
quantification.. Wereas FERC took a large and new step toward collaboration
and the assessnent of cumulative inpacts, the urgency and visibility of the
study, and the inportance of the resource under study, nade collaboration and
testing of the methodology very difficult.

Chesapeake Bay

The Annapolis, Maryland, Field Ofice of the U S. Fish and Wldlife Service
(FW5) is conducting a Cl assessment in connection with the Chesapeake Bay
Restoration Plan. The general notivation for FW5 involvenment in this work was
observed declines in waterfow and fish populations in the Bay.

Many agencies are involved in this project. EPA has a primary role and has
been enphasizing water quality in the Bay. The FWS i s persuing an enphasis on
living resources wth the FWS/ NEC CI probl em sol ving process. Two
col | aborative workshops have been conducted to define problens, identify
i mportant cause/effect relationships and devel op action plans. Submer ged
aquatic vegetation is one of the key variables being addressed as a
consequence of the cause/effect analyses. Attenpts to enter the C issue from
a general problem statement, such as declining or unacceptable water quality,

proved unsatifactory in this case study. Even as issues were narrowed from
that point through cause/effect analysis, there was no clear progression
toward species popul ations, habitats or geographical units that could be
meani ngful Iy investigated. Wen the Bay restoration issue was entered froma

wildlife species and habitat approach, causes and consequences |ed nore
qui ckly to specific problens and renedial actions.

The FWS/NEC approach has not yet been accepted by a six agency organization
working on the Bay Restoration Plan. This may be attributed to the I ack of
i nvol vement of other agencies in designing the Cl assessnment. (Qther agencies
and institutions have their own goals and mandates, and until a C assessnent
fits those needs it will not likely be used. Agencies, including the Fws, are
reluctant to adopt Cl procedures because of uncertainties regarding precedent
setting consequences of methods and decisions, |ack of confidence in the

met hods used, and acceptability by Congress and ot her constituencies of the
results of Cl assessnents.
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Mbbi | e Bay

Multiple i npacts to wildlife have occurred over large tenporal and spati al
scales in Mbile Bay, Aabama. For exanple, a 40' deep and 400 wi de
navigationchannel requires dredgi ng maintenence now and may be expanded to
50' by 550' in the future. Part of the Bay would be filled with dredge
material fromthe expansion project. Chemcal contam nation, and devel opnent
of the Bay for industrial and urban uses also continue to contribute toward
fish and wildlife habitat degradation and popul ati on reducti on. The first
obj ective of an FWS/NEC cumul ative inpact study in Mbile Bay was to inprove
t he documentation of these continuing wildlife inpacts through nore careful
trend analysis and Cl assessnment procedures. Strong institutional objectives
and jurisdictions for protection of natural habitats are currently mssing for
Mobi | e Bay. A second objective therefore was to establish a forum where
obj ectives for the Bay could be articulated and followed up. A research plan
| eadi ng toward pragnmatic decision naking was al so considered a requirenent.
Accomplishment Of these two objectives could |Iead to an overall plan for
resource enhancenent for the Bay area.

A scoping neeting and a cause/effect workshop have been conducted by FWS/ NEC.
The cause/effect (C/ E) nodel devel oped during the workshop enphasi zes changes
in Bay geonmetry, turbidity, contaminants and |oss of subnerged aquatic
vegetation as key problem areas for fish and wildlife resources. Data to
specify the CE nodel nmore quantitatively are currently being devel oped. The
obj ectives of subsequent workshops were to inprove the C/ E nodels and enhance
I nt eragency cooperation. Lessons so far include a recognition that C
assessnent requires a new mindset that is difficult to acquire and maintain.
Long and sonetinmes inefficient discussions are frustrating, but may be
necessary when learning to use flexible problemsolving procedures to address
conplex problens. There are data shortfalls that are likely to persist, and
anal ytical procedures are constrained by available information. Collaboration
with other institutions and agencies is inperative but the |ack of
preconcei ved directions and perceived uncertainty of people who are trying to
guide the Cl assessnent procedure nay hinder broad and enthusiastic

invol vement of other interests. Stronger commitnents to the C process from
all interested institutions is needed.

Upper M ssissippi River Recreation Econom cs Study

The Upper M ssissippi R ver Basin Conm ssion (UVRBC) is conprised of five
states and several federal agencies. The UMRBC reconmended to congress that a
Recreation Economc Study (RES) be conducted to estimate the value (economc
benefits) and econom c inpact of recreation on the Upper Mssissippi Rver. A
long history of interaction between concerned organi zations has established
wel | - devel oped institutions including the UVMRBC and the Upper M ssissippi
River Conservation Conmmittee (UVRCC). This latter organization and the five
states involved have strong preferences for enphasizing the econom c inpact
el ements of the RES established by Congress. Traditional C cost/benefit
studies do not enphasize economic inpacts, however, and an inpasse had
devel oped regarding how the RES shoul d be conducted. NEC/FWS j oi ned a
cooperative agreenent with a ACE (St. Paul District) to develop a Plan of
Study (POS) to guide the RES Devel opment of the PCS was viewed as a C
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proj ect because of obvious C el enents connected with use of the Upper
Mssissippi River. For exanple, developnent of recreation facilities such as
boat docks and water access may affect fish and wildlife resources as well as
local and regional economies. Alternative uses of the river such as increased
barge traffic, resulting from enlargenent of |ocks and deepening of channels,
woul d al so have both econonic and ecological inplications. Inpacts from such
devel opnent activities could accunulate in either sinply additive or highly

interactive (synergistic) ways, and along numerous biological and
institutional pathways.

A col | aborative workshop was conducted by the CI project team of FWS/ NEC

Economi sts, administrators, ecologists, and recreation planners representing
state, federal, and regional institutions reached agreement on the relative
importance of economic inpact analysis and economc benefits, and made
specific recommendations about which of several alternative econom c analysis
net hods and data bases should be used in the RES. The results of that neeting
led directly to a plan of study (POS) that has been accepted by the necessary
parties and has begun to be inpl enented. The nost significant reasons for
that success are that a common starting ground had previously been established
by the Congressional Act requiring an RES; the appropriate people attended the
col | aborative workshops, including disciplinary specialists (econonists

recreation planners, and ecologists) who could resolve differences of
substance or mi sunderstandings: and the format of the workshop had as its

central nethod a clear, objective articulation of' the issues and achi evenent
of consensus.

This case study also provides a good exanple of needed collaboration between

various operational elements of the sane organization or institution. For
exanple, river activities that enhance recreation values may serve genera
natural resource enhancenment purposes well, but sone of those same activities

are not neutral to the enhancenent or preservation purposes of sone specific
fish and wildlife species. More positively, however, it was also concluded
that the ,"activities of traditionally devel opnent-oriented agencies and
organi zations can be carried out to develop recreation resources and enhance
wildlife as well as to inprove barge traffic. This case includes a |esson
that econom c anal ysis may not always be hostile to ecol ogi cal objectives, and
in fact may at times justify natural resource enhancing objectives.

Simlarly, this case opens the issue that it is not just ecol ogical inpacts
that can accunulate; the economc and social inplications of alternative
actions and policies may accunulate as well.  Sonetines these non-ecol ogica

inpacts will be an inportant part of cunulative inpact assessment processes.

Ecol ogi cal Ri sk Assessnent

The Ecological Risk Assessment (ERA) Project is an interagency agreenent
between the FWS/ NEC andthe O fice of Toxic Substances (OIS) of the
Envi ronnental Protection Agency (EPA). EPA is the major funder of the
project, and is directing the project toward the devel opnent of pragmatic
met hods for use in reviewi ng new chenmical conmpounds that are proposed for
production and use. FWS interest in the work is primarily notivated by
several Cl studies suggesting that environnental or biological thresholds are
needed before Cl can be addressed. This is especially inmportant when neither
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clear regulatory jurisdiction or societal objectives are available for the
scale at which serious CIs are operating. In those cases, ERA might be used
to estimate the probability that given target resources will decline beyond
sone (alternative) level as a result of proposed actions. Trade-offs between
projectbenefits and the probability of negative environnental consequences
may then be negotiated nore honestly. When objectives are known, but
dose-response functions are not, ERA may be used to estimate the probability
that the goal Will be precluded as a consequence of proposed actions.

A ecol ogi cal risk assessment (ERA) colloquium was conducted in Novenber, 1986
to design ERA procedures for OTS. Target resources used in regulatory
processes are normally high |evel carnivores or econonically inportant
species, but many of the consequences of resource devel opment or chem ca

production activities occur at much |ower trophic |evels. A principa

objective of the colloquiumtherefore was to integrate nodels that are neant
to explain cause and effect relationships at several biological levels. Three
computer nodel s were |inked together to estinmate the probability that a chosen
speci es popul ation woul d decline beyond some target |evel as a consequence of
exposure to various concentrations of a chenical conpound. A unique procedure
termed the optional risk procedure (ORP) was al so devel oped to aid decision
makers in choosing which chemcals to study in greater detail

Col | aboration in this project was good between the FWs5 and EPA and the
col I oqui um al so included involvenent of the regulated chem cal industry. The
nost val uabl e interaction, however, was between OTS regul atory scientists who
insured pragmatic utility in colloquium recomendations, and other scientists
who used existing conputer nodels to inprove the regulatory decisions nade in
ars. A conceptual paradigmwas also developed that will inprove the
ecol ogi cal nodel s and decision support systens available at the colloquium A
fol I ow up workshop was held to incorporate the results of recomrended research
and devel oprment efforts conpl eted since the col |l oqui um The optional risk
procedures were inproved during a subsequent neeting.

The major contribution of the ERA project to C assessnent was the devel opnent
of a procedure for estimating thresholds and for observing how the
consequences of perturbations approach those thresholds.  The devel opnent of
sinplified graphics techniques in the ERA project will also be useful for
making trade-offs and negotiating conpronises in Cl assessnents. An ancillary
contribution of the ERA project was to denonstrate that the collaborative
probl em sol ving approach being used to develop a CI process is achieving some
success in devel opi ng ecol ogi cal risk assessnment procedures.

Fish and Wldlife Service CI Projects in Al aska

The U.S. Fish and Wlidlife Service is developing a guidance nmanual for
predicting and evaluating the inpacts of proposed oil and gas devel opments on
the North Slope of Alaska. A Cl assessnent was conducted as part of that

proj ect. It was found that inadequate coordination and pl anni ng between
devel opers and insufficient guidelines fromappropriate federal and state
agenci es nade CI assessnent difficult.  The manual docunments that secondary

physical inpacts, as indicated by increased thernmokarst, are occurring at
Prudhoe Bay. These inpacts can be related to the prinary direct inpacts of
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road, pad and facility construction. In addition there are cunulative inpacts
of oil devel opnent on shorebirds at Prudhoe Bay. It was found that the
density of breeding shorebird populations is affected by the density of oil
field facilities.

Further devel opment of Al askan oil is anticipated, and FWS may apply the
FWS/NEC CI process to those case studies in the future. The Al askan oil
devel opnent cases provide an opportunity to study ClI fromone type of
development ON a Well-defined spatial scale and on relatively undisturbed fish
and wildlife resources. The Prudhoe Bay study has already denonstrated how
secondary effects can be managed in a C assessnent.

QG eat Lakes

Roughly half of all coal used to produce electricity inthe US. is burned in
the Great Lakes area, and half of the toxic waste sites identified so far by
the Superfund are located there. It is believed that the use of approxinately
900 chem cals and heavy netals has led to reductions in wldlife populations.
A C study being initiated-by the FWS/NEC project is addressing a small subset
of Geat Lakes problens over a restricted spatial scale. An initial FWs
scoping nmeeting narrowed the scope of the study to the St. Clair and Detroit
waterways. It is expected that the scope of work will be expanded if this
initial project is successful.

Most of the fish and wildlife resource agencies of Mchigan and Ontario will
be involved in future neetings and workshops. An exi sting geographic
information system (A S), called the Geat Lakes Information Managenment System
(GLIMS), wll be nodified and converted froma mainframe to a m croconputer
format. A S data and other existing information fromstate, federal and
regional institutions will also be utilized. Agreement w |l be sought
regarding observed wildlife population decline, najor causal pathways for
those reductions, and feasible renedies. Quantitative proportions or
numerical coefficents for cause/effect relationships have not been attenpted.

Institutional nmechanisns for making decisions and inplenenting actions seem
avai l able for many previous Geat Lakes issues, and consensus devel oped
t hrough col | aborati ve probl em sol ving may be adequate for bringing about

required changes in resource mnagenent, devel opnent and restoration policies.

The Geat Lakes Cl study can contribute to general C assessnent know edge by
investigating the inplicit hypothesis that a rich history of conplex problens
has led, through inproved technical understanding, to the devel opment of
institutions capable of naking broad scope decisions in a relatively short

tinme. Investigating this hypothesis, through the Geat Lakes Cl study, can
identify the adjustnent mechanisnms of institutions as they change to match
conpl ex problenms that supercede common institutional jurisdictions. Research,

devel opment and policy can enphasize enhanced technical understanding with the
expectation that appropriate institutional adjustments will follow. In that
scenario, studies to illumnate how institutional capabilities and renedies

evolved in the Great Lakes should be undertaken so that other interstate and
international problens can benefit from that experience.
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If no institutional mechanisns are found to design and inplenment solutions to
Cl problems in the Geat Lakes, then an R& enphasis should be directed toward
careful studies of institutions and how they may be directly influenced toward
nmore authority and accountability for problens and solutions beyond any
current agency jurisdiction.

d aci er National Park

Fifty-six external threats to the ecology of G acier National Park were
identified in 1980. The North Fork Basin of the Flathead River was identified
as being particularly sensitive to external land use activities. A probl em
anal ysis technique patterned after the FWS/NEC Cl process was used to eval uate
the cunul ative effects of external activities on resources within this region
of the Park (Raley et al., 1987).

A cause and effect (C/ E) analysis was conducted during a three-day workshop
held at G acier National Park. A problem statement representing the
environmental issues was identified, cause and effect. relationships were
determ ned, and tasks to prevent or remedy the problemwere defined. The CE
analysis allowed participants to take an unrestrained view of the situation
and nodel s were able to address simultaneously many resources and concerns.
This was viewed favourably by the National Park Service (NPS) analysts,
because the North Fork Basin represented ecosystemlevel problens that needed
to be addressed.

The C E analysis was judged by the NPS as being appropriate and useful for
potential or chronic problem analysis, but perhaps too cunbersome for short-
term anal ysis of acute and urgent problemns. Wien probl ens arise requiring
i medi ate action there may not be sufficient tine to contact the necessary
experts and arrange a neeting for collaborative problem solving.

The dacier National Park study provides an exanple of Cl assessnent when
agency goals are well established through a managenent plan, and single-agency
jurisdiction is paranount.

Al aska National Parks

The NPS is devel oping a process to assess cunul ative inpacts of placer mning
for gold in three NPS units in Al aska. These CI processes are needed in
support of environnental inpact statenents, pmineral management plans and park
master plans. The NPSis in the very early stages of process devel opnent, and
is currently investigating a nodified version of the LAC process. No indexing
or weighting of resources or inpacts would be attenpted, and explicit
interactions between mining devel opnents would be ignored. This process
relies on avoi dance of |ong-terminpacts beyond LAC | evel s from any individua

project, thereby frustrating measurement of the accunul ation of negative
Inpacts in excess of threshold levels. The LAC process is in the early stages

of gevelopnent, and deci sions about its characteristics and inplementation are
pendi ng
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8.0 APPENDI X ON CEA METHODOLOG ES
8.1 Annotated List of Potential CEA Methodol ogi es

The followi ng sections provide: (1) a brief description of nine methods for
environnental inpact assessnent, (2) comments on the potential useful ness of
each nmethod type for cumulative effects assessnent (CEA), and (3) a

conceptual outline of the major steps involved in using each of the nethods
suitable for CEA

O the nine techniques for environnental inpact assessment, the first eight
were identified by Shopley and Fuggle (1984). Thenine analytical nethods

are:
1) ad hoc;
2) checklists,
3) matrices,
4) networks,
5) mapping and overl ays,
6) nmodeling,
7) weighting/eval uative nethods,
8) adaptive procedures, and
9) bi ogeographic theory.
1. Ad Hoc

Qvervi ew

In this classification, ad hac refers to those methods that rely primrily on
expert judgenent and do not structure the problemto nake it anmenable to
systematic anal ysis. Included in this classification are guidelines that
suggest possible inpacts wthout reconmending specific neans for their
measur ement or eval uation. Anot her type of ad hoc anal ysis, "pure" expert
judgenent, is characterized by a process of assessnment that cannot be
replicated. Each expert's concl usions are based on a uni que conbination of
experience, training and intuition. In some assessments this is the only
required or possible approach. In other instances, when nore scientific
met hods are available, it is not sufficient to rely on ad hoc met hods.

Detailed Review

Commonly, ad hoc nethods are not applicable outside of their originating
agencies, and many other environnmental inpact assessment nethods were
devel oped due to dissatisfaction with these nethods. Because ad hoc net hods
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are considered inappropriate for nost environnental assessnents, it is
unl i kely that they wll be applicable to the conpounded difficulties
associated with cunulative inpact assessment. However, ad hoc nethods can be
useful for helping to organize information prior to applying other methods.

Ad hoc nethods have been used to eval uate energy projects in California,
Colorado, and Maryland as well as offshore oil and gas devel opnent.  Because

the stages associated with these nethods vary greatly, no attenpt was made to
set forth an outline of the nmajor steps

2. Checklists

Overvi ew

Checklists are standard |lists of potential inpacts associated with a
particular type of project. Checklist nethods are primarily for organizing
Information or ensuring no potential inpact is overlooked. In one sense

checklists are a nore fornmalized version of ad hoc approaches in that specific
areas of inpact are listed and instructions are supplied for inpact

identification and eval uati on. More sophisticated checklists (Canter, 1977)
include scaling checklists, in which the |isted inpacts are ranked in order
of magnitude or severity, and weighting scaling checklists. I'n weighting

scal ing checklists nunerous environnental parameters are weighted using the

expert's judgenent, and then an index is calculated to conpare project
alternatives (Stover, 1972).

Westman (1985) |ists some of the problems with checklists when they are used
as an inpact assessnment nethod: (1) they are too general or inconplete; (2)
they do not illustrate interactions between effects; (3) the nunber of
categories to be reviewed can be imense, thus distracting fromthe nost
significant inpacts; and (4) the identification of effects is qualitative and
subj ecti ve. Checklists make no attenpt to assess inpacts. Because of these
limtations for environnental assessment, checklists are not likely to be very
effective for cumulative inpact assessnent.

Detail ed Revi ew

For the nost part, checklist nethods offer little potential for cunulative
i npact assessnent; nevertheless, they are useful for helping to organize
information prior to applying other methods

3. Mapping and Overl ays

Overvi ew

Shopl ey and Fuggl e (1984) credit McHarg(1969) with original devel opnent of
map overlays, although this method has al so been used extensively by others
(Lewis, 1976). An overlay is based on a set of transparent naps, each of
which represents the spatial distribution of one environnental parameter such
as susceptibility to erosion. Overlays are the fastest way to identify zones
which have all of a given set of variables. To investigate the degree of
associ ated inpacts, any nunber of project alternatives can be located on the
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final map. The validity of the analysis is related to the type and nunber of
paraneters chosen. For a readable conposite map, the nunber of paraneters in
a transparency overlay is limted to about ten

These nethods are used in at least two ways in cunulative inpact assessment.
One way is to use before and after maps to give a visual assessnent of
changes to the |andscape. The other way is to conbine mapping with an
anal ysis of sensitive areas or ecol ogical carrying capacity. Wien used in
the latter manner, constraints on the |level of developnent are set on the
basis of limts determned by the location of sensitive areas and by
assessnents of carrying capacity. These nethods are spatially oriented and

are capable of clearly communicating the spatial aspects of cumulative
| npact s.

The |limtations of nmapping and overlay nethods relate to |lack of causa

expl anation of inpact pathways and inability to predict popul ation effects.
As well, these nmethods are unable to deal with |arge numbers of variables and
cannot differentially weigh the relative significance of different variables.

However, some sophisticated versions can make predictions about potential
habi tat | oss.

CGeographic information systems (AS) are an extension of the mapping/overlay

concept using computer technol ogy. GS may also be linked with conputer
nmodel s.

Detai |l ed Revi ew

W eval uated three nethods based on mapping or overlay techniques. In al
cases mapping was conbined with some other nethod for determ ning
environnental sensitivity or carrying capacity for a given spatial area.

Based on this information, limts were placed on the scale and type of
devel opnent.

In developing the analysis in support of a general permt for the |ower
Colorado River, the US. Arny Corps of Engineers, Los Angeles District (1982),
conducted mapping and an inventory of environnental and cultural resources in
each of a number of river segnents. The resources considered included:
water quality, aquatic biological resources, terrestrial and wetland
resources, cultural resources, |and use, denmpbgraphic and soci o-econonic
consi derations, and recreation and public safety. Proposed general permt
areas are delineated on the basis of calculated resource sensitivities/inpact
rel ationships over the entire river

This nethod only partially satisfies the problem definition criterion. The
mai n drawback is the lack of explicit consideration of the causal basis for
cunul ative inpacts. Wiile not a predictive tool, nor a tool for explicit
aggregation of cunulative inpacts, this nmethod does consider and define
t hreshol ds for devel opment in each of the river segnents. The production of
an atlas containing maps of environnental and cultural resources and
desi gnated devel opnent areas clearly aids in comunicating results. Depending
on the level of resolution required, information is relatively easily
obtained: however, sone river segnents will have better information than
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ot hers. If extensive resource inventories are required, or a detailed
Geographic information system is necessary, this nethod would |ikely becone
costly. Regul atory agencies that normally participate in the review of

permts may suggest that general permts do not ensure adequate protection
from cunul ative inpacts.

Wnn and Barber (1985) | ooked at the cunulative inpacts on grizzly bears by
linking a conputer sinulation nodel with a geographic information system The
geographic information allows production of computerized maps of grizzly bear
habitat and concentrations of grizzly bears. By superinposing road and
canpsite devel opments, changes in the amount of habitat could be calcul ated
Habi tat changes were then used to estimate inpacts on grizzly bears. Wile
this application is sinplistic, |inking napping techniques to conputer
sinul ati on nodeling techni ques may be applicable in a |arge number of cases.

This nethod has been used to assist in habitat nanagement for grizzly bears in
several U S. federally nanaged areas including the greater Yellowstone
ecosystem and the Shoshone National Forest. To use the nethod as described by

the authors, it is necessary to have detailed geographic information on
vegetation and | ocations of grizzly bear activity, as well as "displ acenent
coefficients". Di spl acement coefficients refer to the degree to which a

particular activity will result in avoidance behaviour on the part of grizzly
bear s

This nethod only partially satisfies the criterion for defining cumulative
Inpacts since it fails to explicitly consider the causal basis for cumulative
inpacts. This is partly due to the nature of the application described. This
met hod also fails to satisfy the criterion as an assessment tool. However,
the discussion of the nethod and the proposal to link a geographic information
systemw th a conputer simulation is of interest. The results are relatively
easy to communi cate. The nmethod can be costly if conputer needs for the
geographic information systemand the sinulation nodels are great.

Di ckert and Tuttle (1985) used information collected in field studies to
determne sensitivity to erosion, relative effects of different types of |and
di sturbance, and a "land disturbance target" to assess cumulative inpacts in
Elkhorn Sl ough, California. Target values were based on the anount of [|and
avail able in |l ow erosion zones or on naintaining sedinmentation rates at
long-term averages. Future projects will be evaluated based on whether they
violate the defined targets. The anal ytical work supporting the method
consi sted of four conponents: hydrol ogi cal assessnent of runoff and sediment
transport, field neasurenents of erosion and deposition resulting fromvarious
| and uses throughout the basin, photogranmetric analysis of upland and wetl and

change spanning a fifty-year period, and nmeasurenent of site disturbance
associated with domnant |and use.

Dickert and Tuttle's nethod is designed to deal with cumul ative effects
problems in coastal wetlands. Al though their case study involved work done at
Elkhorn Sl ough, California, the authors suggest this nethod woul d be
applicable to problems involving wildlife habitat, agricultural |and
conversion, visual quality, and geologic hazards. This nethod requires that
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the cumul ative effect problem be visible on aerial photographs, and that a
significant length of record be available.

O the mapping nethods, this nethod appears to be better at defining the
causal basis for cumulative inpacts, although there is limted consideration

of the biological inpacts. It explicitly considers thresholds and integrates
inpacts over space and time. It appears to be easy to communicate, especially
t hrough the use of aerial photographs. otaining a tine series of aeria
phot ographs may be costly or inpossible, however

4. Matrices

Overvi ew

In this classification, we consider interaction matrices. An early exanple of
this nmethod is the Leopold matrix (Leopold et al., 1971). In a Leopold
matrix, and its variants, the rows of the matrix correspond t0 project actions
(for instance, flow alteration) while the colums represent environnenta

conditions (for exanple, water tenperature). The inpact associated with the
action row and the environmental condition colum is described in terns of
its magnitude and significance. The Leopold matrix represented the first

attenpt to systematically relate project actions to changes in environmenta
condi tions.

Leopol d-type matrices have been criticized because they are only appropriate
for identifying first order interactions. To overcone this deficiency, the
extended conponent interaction matrix (Bisset, 1980) was devel oped. Thi s
met hod advocates devel opment of a second matrix that accounts for second and

hi gher order inpacts by identifying relationships between the environnenta
conmponents.

Most matrices were devel oped for specific applications, although the Leopold
matrix itself is quite general. Early in an assessnent, an interaction natrix
could be built for a specific cumulative effects problem |n such a situation
it would be a useful tool for identifying interactions between project
activities and specific environnental conponents. It would al so be usefu
for identifying interactions between environmental conponents. However, in
ternms of problem definition, matrices tend to overly sinplify inpact pathways
Also, they do not explicitly represent spatial or tenporal considerations,
nor do they adequately address synergistic inpacts.

Thus, as an assessment tool, matrices can only provide qualitative predictions
of the inpact a specific action nmay have on a specific environmental

conponent.  Since no two action-conponent interactions on any one matrix can
be precisely conpared, attenpts to integrate across activities or
environmental components are difficult. In general, the technique is easy to

use only if one has either know edge of the assessment situation or expertise
from simlar situations. A so, because of the sheer size of a typical matrix
covering virtually all project actions and affected environnmental conponents,
the matrix becones cunbersonme. Consequently, matrices are probably best used
for the purpose for which they were designed: that is, as tools for
prelimnary analysis and screening in environmental inpact assessnent.
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For cumul ative inpact assessnment the usefulness of matrices is limted to
hel ping determne the set of activities that may affect a given environnenta
conponent. |f these techniques are to be used, it is necessary to develop a

new matrix for each new application or to use a tried and true matrix for a
simlar application.

Detail ed Revi ew

For the nost part, matrix methods offer |ittle potential for cunulative
i npact assessment: nevertheless, they are useful for helping to organize
information prior to applying other methods

In Canada, the Federal Environnmental Assessnent Review O fice (FEARO
published a guide for environnental screening (FEARO 1978) that presented two
sets of matrices designed to assist in identifying potential adverse effects
associ ated with proposed projects. The matrices were designed to assess
effects from single projects, and gave no explicit directions for evaluating a
project in context with other developnents and activities

5. Networks

Overvi ew

The stepped matrix technique, developed by Sorenson (1971) to display the
possi bl e consequences of land use along the California coastal zone,
Illustrates how the matrix approach evolves logically into network diagrans.
Net work diagrans can be constructed from matrices where natrix elenents
represent |inkages between pairs of conponents. These network di agrans
provide the nechanism for linking first and higher order inpacts. System
di agrams have been used by ecol ogical nodelers to represent the conceptua
structure of nodels. In the context of environmental inpact assessnent, one
group of nodelers, for exanple, wused a sophisticated network, or system
diagram to represent inpact hypotheses (Everitt_et al.,1986) which causally
related project activities to target resources.

For problem definition, networks or systens diagrams overcome the limitations
of matrices by acconmodating higher order inpacts. They are also far better
at explicitly identifying the causal basis for inpacts. In addition, they are
well suited to identifying the interaction between a number of activities,

conponents, and a single target resource. As an assessnment tool they are
capabl e of making qualitative predictions regarding the cumulative inpact of a

nunber of activities on a single target resource. They do not fornally
integrate, however, over the spatial and tenporal dinmensions, nor do they
integrate across target resources. Net wor ks and syst ens di agrans can be

communi cated wel|l and are easy to devel op using expert judgenment. Scientific
docunentation of conplex systens diagranms, however, requires time and noney.

Detai |l ed Revi ew

W |ooked at three nethods representative of this group. In general, these
met hods represent cumul ative inpacts as causal relationships embodied in a
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concept ual nodel . In sone cases network diagrans are used, while in nore
sophi sticated cases computer nodels are devel oped.

The stepped matrix approach of Sorenson (1971) is excellent for hierarchically
describing the relationship between activities, inpacts, and potenti al
mtigation neasures. It provides for linking many activities to a single
inpact category, while providing for limted detail on the inportant
ecol ogical relationships. This nethod, originally devel oped for coastal zone
i mpact managenent, could be adapted for use in other situations

The stepped matrix approach provides a conbination of a stepped matrix and
col ums network which enables identification of:

1) land use effects,

2) causal factors (land alterations associated with land uses),

3) conditions (initial identifiable inpacts of causal factors),

4y consequent conditions (changes induced by the initial conditions),
5) effects (ultimately produced by the consequent conditions), and
6) corrective actions or control measures (nitigation)

This method enphasi zes interrelationships among 1-6 and includes inpact risk
and mtigation neasures. This matrix network is the starting point for
further examnation of interrelationships, information indexing, forecasting
and evaluation. The stepped matrix approach can be computerized, allows for
non-quantifiable inpacts, and treats nultiple-use issues.

The method partially satisfies the criterion for problemdefinition. |n sone
applications, such & where tenporal aspects were explicitly considered and
I mpact pat hways were clearly shown in network diagrans, the nethod shoul d
perform well at problem definition. Al though the nethod describes qualitative
interactions, it does not represent synergistic or aggregative inpacts. The
met hod al so does not explicitly consider thresholds. It does, however, make
qualitative predictions of cunulative inpacts across activities. The net hod
Is easy to explain, and the matrices facilitate a clear exposition.

6. Wi ghting/ Eval uative Methods

Overvi ew

In Shopley and Fuggle's (1984) cl assification, evaluation nethods ensure that
I npact assessnment is based upon acceptable value judgements. Most of these
met hods involve the determnation of scales and assignnent of weights that
reflect people's values or preferences. Therefore, these methods are best
applied during the assessnent of alternatives, especially when choices are
bei ng made between alternatives. Westman(1985) provides a good description
of various types of evaluation methods
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Eval uati on nethods must normally be linked with other nethods (Lewis, 1976)
and are applied after the inpacts have been anal yzed. = These nethods are not
used to make predictions about inpact magnitudes, as neasured by changes in
level s of target resources. A sinple evaluation method would conpare inpact
level s with sone predeterm ned standard or threshold. More sophisticated
met hods for weighting the relative significance of various inpacts aggregate
theminto indices that can then be used for conparing alternatives. These are
the only nethods that attenpt to integrate across a nunber of inpact
di mensions or target resources. In nost cases, the nethods will determ ne
that alternative Ais preferable to alternative B; they cannot, however
indicate whether either alternative is good or bad

Det ai |l ed Review .

W have eval uated two nethods that conpare alteratives based on wei ghing
preferences or expert judgenent. These nethods assume that information is
avai l abl e on the neasurenent of inpact for a given project or alternative.

Their strength is that they aggregate over a number of different inpact

dimensions to give an overall index or rating that can be used to conpare
al ternatives.

Anderson (1981) proposed a general method involving evaluation of preferences
between various groups which he calls "affected publics". Consistent scales
are constructed to measure each of the inpact dimensions. Relative weights
are then assigned by the various publics to each of the inpact dimensions.
Using these weights and measurenent scales, an index is constructed for each
public and each alternative. In the full method, weights are assigned to each
of the publics and then an overall index or score is assigned to represent
the aggregate public preference for each alternative. This nethod relies
conpletely on subjective judgement, and any applicant must decide who has a
legitimate right to weigh one environmental resource against another, or trade
off one affected public against another.

The key concept in Anderson's method is called comrensuration. Commensuration
is the process of determ ning what inpact on one dimension is equivalent to a
given inpact on another dinmension, or what inpact on one public is equivalent
to a given inpact on another public. The detailed steps in the nethod are:

1) identification of inpacted publics

2) identification of issues (for instance, dinensions of inpact using
checklists, and ordering of dimensions in terms of inportance),

3) measuring values in terms of functional curves (public representatives
judge the functional forns), and

4) measuring wei ghts (weight judgenents are the basis for comrensuration in

the first step of the cascade, one weight per dinmension per public;
weights are neasured by ratio scales).

Full commensuration is achieved in tw cascaded steps: (1) across dinensions
within each public, and (2) across publics. Wthin each public
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commensuration vyields the average evaluation of each alternative on each
dinension, and the average evaluation by the public of the overall value of
the future with and without the project. Commensuration also incorporates the
value of mitigative nmeasures for each project alternative. If a single best
alternative is still not apparent, then the problem of trading off one
public's loss for another public's gain is addressed via a single "trade-off
dimension”.  The nethod enploys various equations, aggregations and weighted
summing techniques, and deals with equity, uncertainty, and utility

To be effective, conmensuration requires that representatives of the publics
be determned. As with nost nethods of this type, Anderson's nethod offers
little guidance on how to choose these representatives. The method assumes
that the cumulative inpacts on target resources have been determ ned. The
method allows for integration across the inpact dinmension (target resources),
sonmet hing that few of the other nethods are capable of doing. The results
shoul d be relatively easy to commnicate, although they may not be acceptable
to those looking for a nore scientific basis for assessnent of cumulative

effects. In cases where the issues are well-defined and the nunber of
affected publics is small, this method could help evaluate alternatives if
used by a skilled practitioner. In nmost applications, however, the nethod

woul d likely prove unsatisfactory, especially where a wide range of interests
nust be acconmodat ed.

Bain et al. (1985a) propose a nethod for evaluating alternative project
configurations. Their nethod does not involve trade-offs between publics but
rather trade-offs between target resources. The nethod has a stronger
bi ol ogi cal basis since it considers key conponents affecting the inpact
di mensions.  The net hodol ogi cal advance associated with this method is that it
allows for interaction between individual projects. This nethod is
explicitly designed to identify cumulative effects over a nunber of
hydroel ectric projects proposed in any given river basin

A key aspect of this nethod is identification of target resources and
conponents. There are three stages to the method

1) analysis, in which possible interactions between projects are
i dentified,

2) evaluation, in which asubset of configurations is selected for nore
detailed evaluation; and

3) docunentation, in which the projected inpacts are summarized.
The aut hors suggest using a workshop approach at this stage.

Next, three main types of information nust be assenbled: (1) component i npact
values, (2) weights for each inpact value, and (3)interaction val ues.
Conponent inpact values are nunerical ratings of the inpact that each project
woul d have on each target resource conmponent.  \\&ight values refer to a set
of wei ghts used when conbi ni ng conponent i npact val ues. Interaction val ues
are coefficients to express the interactive effect of each pair of projects on
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each conponent. Each of these three types of information is derived from
expert judgenent.

This method is used after the environmental inpacts associated with each
proposed project have been independently analyzed. Wile it partially
satisfies the problem definition criterion' it does not identify the causa
basis of inpacts, and it considers many of the factors that contribute to

i npacts on target resources. It is ecologically weak, however, and does not
adequately  address thresholds. As well it does not predict cumulative
inpacts; it conpares alternative conbinations of devel opnents. There are

three key limtations for the use of this nmethod: (1) availability and
t horoughness of information produced for individual EISs; (2) availability of
qualified experts; and (3) the credibility of the experts. The nethod relies
heavily on expert judgement and asks experts to nmake trade-offs and identify
interactions in ways that run counter to normally accepted scientific
appr oaches.

7. Mcieling
Overvi ew

Matrices and networks are types of nodels. They represent the conceptual
structure or linkages between the various parts (activities, environnenta
conponents, target resources) of a system under study. Wi | e concept ual
model s are necessary to define the problem they are basically linmted to
indicating that "x will affect y", or to asserting that activity "a" wll
cause a mnor, noderate, or nmajor inmpact on species "y".

To nove beyond the conceptual level requires quantification. To quantify we
must transform the conceptual nodel into a mathenatical nodel. Mat henat i ca
model s allow for explicit definition of relationships by allowing the user to
specify the shapes of curves that represent the |inkages between "x" and "y".
For exanple, we can devel op dose-response nodels for fish toxicity, and we can
devel op el aborate statistical nodels for assessing air quality. A speci a
class of mathematical nodels' such as conmputer sinulation models, are designed
for the dynamc representation of ecological systenms. Wen used for inpact
assessment, conputer sinulation nodels can nake projections of potentia
i npacts over tine. These projections are based on a dynamic representation
of the relationships between project activities and the ecol ogical systens

under  study. Such nodels are especially well suited to accomodating
i nteractions. ‘Sone sophi sticated mathematical or conputer nodels can
represent synergistic inmpacts: however, nost cannot. Conmput er sinul ation

nodel s require rigorous problem definition. The conceptual structure of the
model, regardless of howit is represented, nust be logically consistent

Buil ding the conceptual structure for a conputer simulation nodel appears to
be an excellent way to define the cumulative inpact problem  For assessnent'
all mathematical nodels can be used to make quantitative predictions. O
course, the accuracy of predictions is highly dependent on the quality of the

data and on the validity of the nodel. The structure of ecol ogi cal
sinulation nodels is such that integration over activity, and spatial and
temporal dinmensions is easily acconplished. Maj or concerns with conputer
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model s are often focused on the potential for high costs, questions about the
accuracy of their predictions, and resistance by sone people to accept their
use.

Detail ed Review

Cause and effect nodeling techniques are an excellent nethod for representing
ecol ogical relationships between activities and their potential inpacts
(Armour and WI1lianmson, 1986; Everitt et _al. 1986). Arnour and WIIianson
(1986) describe a five step method consisting of :

1) stipulating a clear problem statenent,

2) categorizing causes of the problem

3) nodeling causes of the problem

L4y categorizing effects of the problem and
5) model ing effects.

Wien the nodeling is conpleted, causes and effects are linked in a | ogical
network design. These networks provide for causal analysis of the cunulative
inpacts of multiple actions (causes). The method is an efficient and
effective way of categorizing, classifying, and ordering infornmation and
i deas into cause and effect relationships. Stipulation of a clear problem
statenment focusses effort. By constructing network diagrams with groups of
experts, the potential cunulative inpacts of activities are reveal ed. The

descriptive nature of the networks, however, often does not provide a basis
for prediction.

This nethod appears appropriate for the problem definition phase of cunulative
i npact assessnents. Little attention is paid to spatial and tenporal
aspects, however, and it appears difficult to represent synergistic inpacts.
Model ing al so provides little guidance on how to assess cumul ative inpacts.
In general, nodels appear easy to communicate, and they are cost effective to

use. Since a nodel is based on expert judgenment it requires little
information; however, in a formal assessnment a nodel coul d be criticized if
causes and effects are not carefully documented. In field experiences with

model s (including barge traffic on the Tennessee River, habitat degradation
in Chesapeake Bay, and degradation of Mbile Bay habitat) this method has been

generally well received by both the U S. Fish and Wlidlife Service and the
U S. Arny Corps of Engineers.

Computer simulation nmodels, |ike those at the core of the adaptive procedure
of Holling (1978a,b), are essential for full devel opment of conplex networks
and nodels. Use of sinulation allows for integration of inpacts over space,
tine, and activities, as well as providing mechanisns for quantifying
thresholds and key ecol ogi cal processes. Because Hol ling (1978a,b) i s
reviewed as an adaptive nethod, it is not discussed here.
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8. Adaptive Procedures

Overvi ew

In the strict sense of the definition, these are not nethods but are
procedures, or sets of steps, for performing an inpact assessment. Adaptive
procedures becone necessary when no single nethod is capable of handling all
aspects of inpact assessment. Wthin adaptive procedures various conbinations

of the other seven nethods are enployed, as needed, at different steps in the
procedure.

Det ai |l ed Revi ew

Five adaptive procedures that have sonme potential for use in cunulative inpact
assessnent are:

- Dames & Mbore, Inc. (1981)

The nost conplete set of steps for cunul ative inpact assessnent is outlined in
a handbook devel oped by Dames & More, Inc. (1981) to aid the U S. Arny Corps
of Engineers personnel in assessment of cunulative inpacts of permt
activities. First, the proposed activities are identified and the environnment

characterized. Next, the level of analysis and the assessnent approach are
chosen

The approach that relates to the assessnent of biological effects proceeds
through the follow ng steps

1) identifying effects, using network diagrans:

2) quantifying the likelihood, nagnitude, spatial extent, and duration of
the effects;

3) determning the significance of the effects; and
k) assessing the ecosystemlevel effects.

Each of these steps has a nunber of detail ed substeps. For exanpl e,
assessnent of ecosystem effects has ten substeps, including deternining
whet her synergistic effects are present and whether or not tolerance |evels of
specific organisms will be exceeded.

In principle, if one followed all the steps and had the tools and resources to
conduct the recommended anal yses, an excellent cunul ative inpacts assessment
could be done. This nethod appears excellent for both description and problem

definition. As an assessment tool it has potential, for it explicitly
instructs users to take account of thresholds, synergistic relationships, and
ot her key ecosystem properties. Its predictive capabilities and ability to

integrate across activities and spatial, tenporal, and inpact dinensions are,
however, dependent on the specific nethod chosen. Because the approach relies
on conplex sets of specific steps and can include relatively sophisticated
nethods, it is difficult to understand and use. For sinpler applications,
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information should be relatively easy to obtain;, for nore conplex
applications, the information demands and sophistication of techniques
requi red make this a costly and time consuning method. Gven limtations of
time and noney, it would likely be inpractical to use the conplete version of
this approach. The selection of the nethod to use at each step is critical
and if approaches |ike Danes & Mbore, Inc. (1981) are to be useful, nore
gui dance is needed on the appropriate nethod for each step

- Horak et al. (1983a,b)

Horak et al. (1983a,b) offer a ten step procedure recommended for cumulative
impact assessment. These authors enphasize that there is no single method
that has been developed to specifically address cumul ative inpacts; thus,
their procedure includes a specific step to decide on the appropriate
techniques to be used. The ten steps are:

1) examne prenises and assunptions that underly the cunul ative inpact
assessnent;

2) identify and analyze devel opment actions

3) characterize arena (overview of environnental resources and adequacy of
existing data);

4) scope (determne spatial, political and tenporal boundaries);
5) map spatial characteristics;

6) establish the assessment approach and specific techniques;

7) determne characteristics and significance of inpacts

8) assess potential ecosystem effects;

9) derive some "inpression for overall fundamental changes or
transformations"; and

10) consider subsequent steps for monitoring and reassessnent.

They enphasi ze the need to clearly define prem ses and assunptions upon which
the cunulative inpact assessnent is to be based. This is necessary because of
the confusion that currently exists about cunulative inpact assessment and how
it shoul d be conducted. Their approach also highlights the inportance of

selecting the appropriate method; in fact, they nake this an explicit step
following the problem definition phase

This procedure is good at defining project activities and the spatial and
tenporal aspects of the problem It does not provide specific details on how
the methods are to be used. Therefore, it is difficult to know how the
approach will perform for cunulative inpact assessnent. Nevert hel ess, it

does enphasize many of the key attributes of cunmulative inpact assessments for
fish and wildlife.
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- Adaptive Environnental Assessment and Managenent

As already noted, many adaptive procedures do not specify which methods are
nost appropriate at each step, or how the choice is to be nade. One myj or
exception is adaptive environmental assessnment and managenent (AEAV
procedures (Holling, 1978a,b). AEAM uses conputer simulation nodeling
met hods in workshops and devel ops ecol ogi cal simulation nodels which then
serve as the focal point for the effects assessnent.

Hol I i ng (1978a,b) advocated sinulation nodeling workshops as a nechanismto
focus and coordinate the assessment team  Wereas the Dames & More Inc.
(1981) approach outlines steps with little guidance on how acconplish them
Hol I'i ng suggests that many of the steps can be acconplished by construction
of nodel s. Because this approach is based on the principles of systens
ecol ogy, and often uses simulation nmodeling, it is possible to incorporate
relationships representing conplex interactions and thresholds into the
nodel s.  The procedure al so enphasizes the use of expert opinion, facilitated
wor kshops, and nodeling to analyze environmental inpacts. It was devel oped to
pronote understanding and integration of environnental, econonic, and socia
I ssues into policy level decisions concerning design and inplenentation. It
shoul d be applied throughout the project devel opnent cycle by iterations of
modeling or policy analysis workshops alternating with periods of data
acquisition, research, and nodel refinement.

Through conputer simulation nodeling and ot her systens anal ysis techniques,
the process: (1) enphasizes interdisciplinary comunication; (2) linits the
scope of the assessment to key factors; (3) explicitly states assunptions; (4)
rapi dly synthesizes existing pertinent information and identifies inportant
data gaps; (5) describes integrated system behaviour; and (6) identifies
alternatives and promotes collaborative selection. The process is coordinated
by a group of four to six facilitator/modelers trained in the techni ques of

group dynamcs, policy analysis, systens analysis, and conputer simulation
nmodel i ng

Bei ng an ecol ogi cal | y-based approach designed to construct nodels, AEAMis
good at problemdefinition. The approach formally recognizes the inportance
of identifying specific project activities, specifying spatial and tenporal
aspects of the problem identifying major |inkages between system conponents,

and it represents synergistic relationships mathematically. As an assessnent
tool it has the ability to integrate across activities, as well as spatial and
t enporal di mensi ons. It al so nmakes quantitative projections of inpact, and
can be used to help determ ne where critical ecosystemthresholds m ght occur.

Al t hough graphic representation of results helps in comunication, it is
unlikely that the analytical detail can be communicated to decision makers and
| ay persons. Model s can be constructed based on expert judgenent, but
obtaining reliable data and validating nodels is difficult and tine-consum ng.
Thi s approach has had nunerous applications in various aspects of
environnental assessnent (Environnent Canada, 1982); generally the response

has been favourabl e, especially when there has been a high degree of
participation.

8-14



S

- U.S. Arny Corps of Engineers (1983)

The U. S. Arny Corps of Engineers (1983) guide to analysis of significance
explores ways to define significant inpact. The procedures that are
advocat ed examne thresholds in determnation of significance. Si gni ficance
analysis is seen as part of the overall environnental inpact assessnent

process and has five steps:
1

2

) identify which resources are significant,

) predict changes in resources,

3) define the nagnitude and scal e of resource changes,
4) judge the significance of resource changes, and

5) determ ne the consequences of inpact significance

These five steps are to be preceded by a project description, an assessnent
of environnental inter-relationships, determnation of region-of-influence
(for instance, spatial considerations), assessment of the data base adequacy,
and description of the environmental setting. The approach concentrates on
identifying significant resources (Step 1), judging the significance of

changes (Step 4), and determning the consequences to significant inpacts
(Step 5). Theguide itself provides a discussion of questions that need to be
answered in the analysis of significance for threatened and endangered
species, wetland habitats, unique habitats, fish, mammls, and birds as well

as for physical, such as water quality, and cultural, such as Native Indian
concerns, resources.

The U S. Arny Corps of Engineers' (1983) approach provides little specific
detail on how to define the problem except that it appears to be based on an
under standi ng of ecol ogical relationships and it tends to define significance
in terms of threshol ds. Depending on the tools used to determne the
magni tude and scale of effects, it may also be predictive. The approach does
not explicitly state how cumul ative inpacts will be integrated over
activities, space, tine, and inpact dinmensions. The procedure is relatively
straightforward, should be easy to communicate, could be cost-effective in
cases where information is readily available; and there is little uncertainty

- Contant (1984a,b)

Cont ant (1984a,b) advocates a carrying capacity study as a major part of
procedures to forecast and analyze cumnul ative inpacts. In this approach

carrying capacity is taken to mean the maximumlevel of growth in an area that
is consistent with socially acceptable |levels of environnental quality and
public welfare. A successful carrying capacity study requires agreenent on
whose values are considered in determning acceptable growh |evels,

environnental quality, and public welfare.
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The procedure, designed for the Corps of Engineers pernit process,involves
specific steps to predict and nonitor project inpacts. Steps in the carrying
capacity study are

1) identify the area for investigation through scoping of activities and
critical problens,

2) define the geographic boundaries of the study area,

3) determne the limting factors and related growth activities,

4) determne the acceptable level of the potential limting factor,

5) devise a growth vari abl e,

6) make assunptions about future types of development,

7) devise relationships between activities and growh variables, and

8) determne the overall carrying capacity in terns of growth variables.

Different procedures are recomrended, depending on the degree of inpact and

whet her or not project inpacts are at or near the environmental carrying
capacity.

If the scientific and technical aspects of the carrying capacity study are
strongly based on ecol ogi cal considerations, this procedure could be very
val uabl e for problemdefinition. The procedure enphasizes determ nation of a
t hreshol d upon which to base approval, and the carrying capacity study nust
make a prediction (most likely quantitative). The concept of carrying
capacity is attractive to people, but explanation of the details and
assunptions of the assessment may |ead to m sunderstandi ngs. As wel |
carrying capacity information may be difficult to obtain and will likely
require a costly study. There seens to be disagreement over who should pay
for a carrying capacity study; there is reluctance on the part of both
regul ators and proponents to bear the costs of such studies.

- Sumary

Neither the U S. Arny Corps of Engineers (1983) nor Contant (1984a,b) offer a
procedure as systematic and conprehensive as those outlined by Holling
(1978a,b), Dames & Moore, Inc. (1981), and Horak_et_al (1983a,b). Both the
U S Arny Corps of Engineers (1983) and Contant (1984a,b), however, focus
attention on an inportant question that cunulative inpact assessnents mnust
answer : How shoul d carrying capacity be apportioned anong projects, and at
what point shoul d devel opnent be curtail ed?

In general, adaptive procedures are considered to be the best approach to
addressing cunul ative inpacts, for they are designed to make the best use of
exi sting nethods, available expertise, and information. Their major drawback
is that they are tinme consumng, may be costly, and require considerable
coordi nation of people and tasks. This may nmake their inplementation
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difficult. It is clear, however, that these approaches are a response to the
complexity and difficulties that people have encountered in assessing
cunul ative inpacts.

9. Biogeographic Theory
Over vi ew

The devel oping theory of island biogeography (IB), and its associated
speci es-area relationships, offers a possible nmethod for meking predictions
concerning species |osses fromisol ated patches of ecosystens as a function of
increnental encroachnents. Such a method would be of obvious value in
assessing cumul ative effects.

Det ai |l ed Revi ew

To date, there appear to have been few attenpts to use IB theory in CEA
procedur es. Neverthel ess, island biogeography has been used to describe
species |osses associated with habitat fragmentation, particularly in forests
(for exanple, Harris, 1984). As well, a conputer model has been devel oped
that allows simulation of fragnentation effects on resident species. In this
case, species fates were modeled using a species-by-species approach, simlar
to that described by Glpin and D anond (1980; 1982) as "nol ecul ar".

Using 1B theory to hel p assess cumulative effects requires that certain types
of information be avail able. For exanple, island size, isolation from
potential sources of colonists, dispersal abilities, dispersal abilities of
the species, and population densities. The use of this information for many
species and locations wll undoubtedly hanper use of this method.

8.2 Description of Loop Analysis

Loop analysis is a qualitative, network technique that is based on feedback
relationships. It is a signed digraph type of network analysis. It can be used
to predict the changes in standing crops (levels) and turnover rates of the
set of variables as they respond to paraneter change or forcing fromthe
envi ronment external to the network. The nmethod is based upon the concept of
f eedback which can be defined as the effect of a variable upon itself acting
through intervening variables. Thus, loop analysis differs markedly from nost
of the network techniques described in Appendix 8.1 which involve straight
line causality and little or no predictive capability. Loop analysis is
essentially a top-down type of nodeling approach in that it deals with the
whol e structure of the system of interest and allows the assessor to ask what
ef fect does the system have on a particular variable as it is positioned in

the network. It also differs markedly fromtraditional conputer simulation
techniques in its whol e-system focus and proportionally |lower effort spent in
quantification. In conputer simulation, the approach is usually

reductionistic, the nodel is built one link and one variable at a tine and
much of the total effort is spent on constructing sophisticated differential
or different equations, paraneter fitting, and nodel calibration. Wth |oop
analysis!, the investigator asks: What is the overall structure of the system
of Interest? Is it stable? \What effects will a change in a particular

8-17



variabl e have on the rest of the network? Were are the key control |inks?
Where can stability be enhanced? Once the qualitative structure of the system
is understood, it then makes sense to quantify it.

The di agram approach to network analysis has been devel oped out of engineering
(Mason, 1978; Mason, 1952; Lorens, 1956) with varying degrees of devel opment
and application in ecology (Saila and Parrish, 1972; Levins, 1973; Hill,

1975). Levins' technique, termed "loop analysis", has been subjected to field
tests in freshwater ecosystems (Lane and Levins, 1977; Briand and MCaul ey,

1978; MCauley and Briand, 1979) and for narine ecosystens (Lane, 1986a,b;
Lane and Wight, 1986).

Loop anal ysi s enpl oys signed digraphs to represent networks of interacting
variables.  The technique allows deduction, from routine monitoring data, of
the inportant variables and interactions in a conplex system such as a
coastal marine comunity. Loop analysis provides a methodol ogy for analysis
of systens based on qualitative representations of variable interactions
These are equivalent to the signs of the first partial derivatives of the
coupled differential equations describing the system The nodels derived from
periodic sanpling data indicate the dom nant variables and interactions, and
t he predom nant driving force (parameter input), for each sanpling period.
Once the network is constructed, the effects of a parameter input can be
assessed in terms of directed changes in standing crops and turnover rates of
all variables. Patterns of correlation can be predicted, and the nost
sensitive conmponents in regard to environnental inpact can be identified.

By conparing the theoretical field data, it is possible to construct a
restricted set of l|oop diagrans that represent the system under study. (Once
the correct representation is determned, the pathways producing the directed
changes can be extracted, exam ned and subjected to a nore quantitative form
of analysis using standard nodeling techniques. Lane (1982; 1986a,b) and Lane
and Collins (1985) have used | oop analysis for data sets frommarine field

studi es and nesocosm experinents. Lane and Wight (1986) di scussed the
theoretical basis of the technique.

In the follow ng pages three exanples of |oop analysis are given. The first
is a Type 1, hypothetical |oop nodel not based on data. The second is a Type
2, data-based npdel using a large routine nonitoring data set and the third

exanple (Type 1) illustrates how a hypothetical environnmental regulator
becones a co-variable with ecol ogi cal conponents.

Advantages of Loop Anal ysi s in Conparison to Quantitative Techni ques

A few of the advantages of |oop analysis are as follows:

- The qualitative approach gives a high priority to the understandi ng of
whol e systens. The nmodel s are robust in that they do not depend on
preci se neasurenent but nostly on directions of effect.

Many different types of variables at all |evels of scale can be included
in one diagram and there is no need to standardize everything into a
single unit such as kilocalories of energy or carbon. Variables can be
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i ncl uded whi ch cannot be neasured. Human actions such as managenent

deci sions or institutions such as regul atory agencies can be diagrammed
with algae and grizzly bears

Qualitative results are nore transferable anong ecosystens and new
information gained about a given ecosystem can be applied to another
area W thout expensive time-consumng detours to collect additiona

data

Loop analysis also provides a good guide as to what to neasure and
serves as a design for future analysis. Interpretation of a |oop
diagram yields inportant predictions about particular variables in the
network, identifies an omtted variable or link and generates testable
hypot heses. Data sets are not used to correct equations or achieve
better-fitting parameters, but rather to find new ways to | ook at
systens and to find new variables of interest even if they are abstract
and inpractical to neasure. In subsequent research, there can be nore
selection in collecting the mssing information and the "neasure
everything" approach does not have to be invqked.

Loop diagrams al so serve an inportant role in assessing environmenta
I mpact. Besides the valuable predictions they give, they also provide a
useful focal point that is understandable to ecol ogi cal managers who are
trying to make deci sions about an environnmental problem or proposed
devel opnent.

There is a great econony of effort and resources for the anount of
information gained in conducting qualitative analysis. If the
techniques were developed to their fullest potential, mllions of
dollars could be saved in unnecessary data collection and inpact
assessnent costs. Because these methods are holistic and enable the
investigator to determne the qualitative structure of the ecosystem
understanding of cause and effect is facilitated thereby making much of
the contenporary "brute force" data collection obsolete and wasteful
In addition, loop analysis fits into contenporary assessment procedures
wel | . Wth an adequate set of instructions (procedural manual)
governnent agencies and consulting firms could greatly inprove their
assessment techniques at |ess expense and with nore understandi ng of
both the inpacts and the ecosystemns. Note that this manual does not
presently exist but it could be devel oped.

Exanpl e of Miltiple Effects of a Power Plant on an Aquatic Ecosystem
Using Type 1 Loop Analysis (Hypothetical Mdel)

Paranmeter inputs or perturbations to ecological networks are represented by +
or - inputs to one or nore variables in the network. Natural paraneter inputs
m ght include such events as a change in salinity or tenperature or an
increase in a predator (fish) not included in the diagram whereas hunan
perturbations include such events as (1) introduction of oil or toxic
chemcals; (2) nutrient enrichnment, (3) thermal pollution and (4) predation
phenonena. The latter category includes fishing, environmental alterations,
I npi ngement and entrainment processes among others.  (ne major use of |oop
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analysis is to assume a parameter input is entering one or nore variables and
then predict that there will be changes in the standing crops and turnover
rates of the variables as well as correlation patterns of these changes and
associ ated | evel s of variation. Thus, it becones critically inportant to
determne the relative strengths of natural versus man-made parameter changes
for a particular system For exanple, how many tines has a major industrial
pol luter gotten "off the hook" by denonstrating there is perturbation in the
environment fromnatural causes. Wth loop analysis, not only can we predict
effects but we can al so work backwards: by know ng responses of ecosystens we
can identify which variables are the sites of major paranmeter input. By
eval uating the environment and known sources of perturbation by humans, it is
often possible to determne which may be nore inportant and whether they are
yi el ding synergistic or antagonistic forces on the ecosystemin question.

In Figure 8.1, a generalized |oop diagramis presented for a marine comunity

| ocated near a power plant. In marine ecosystens, we have found that nutrient
addition is often an inportant paraneter input that occurs naturally, for
exanple, under spring bl oom conditions. Wth human influences on an

ecosystem there are often nmultiple sinultaneous effects. A power plant will
di scharge excess heat into the water which will have a positive effect on sone

al gal species (1) and will also have a positive effect on nutrient addition
perhaps through enhanced renineralization by bacteria

At the same tine, the mechanical action on the flow of water throughout the
cooling system wll cause substantial inpingenent and entrainnent of
herbivores (H), fish larvae (F,) and adult fish (F,). Thus, a single power
plant can sinultaneously cause five parameter inputs to the ecosystem In
this exanple, these inputs enhance each other and lead to less N, nore |,

less E, H F, and F, when paraneter inputs at I and F, predomi nate (see Table
8.1).

Exanpl e of a Data Based (Type 2) Loop Analysis of a Marine Pelagic Community.

To date, |loop analysis has been routinely applied to |arge data sets
describing marine pelagic communities (Figure 8.2). These data sets are
simlar to those collected in biological nonitoring programs for purposes of
environnental inpact assessment. In fitting loop nodels to data, one of the
first procedures involves grouping the raw variables into |oop variables.
Rare, Infrequent species are deleted because there is too little information
t 0 characterize them The data frane involving changes in abundances over
tine is then transformed into a qualitative data matrix by determ ning percent
relative change of each variable fromone sanpling period to the next. The
| oop nodels are fitted by hand and then checked by computer. A |oop nodel is
often finished even though there is not perfect agreenent between jts
predictions and the data. |f subsequent attenpts to fit it would result in a
loss in biological realism then realismis given priority over accuracy.

A set of loop nodels is summarized by variables and links to determine the
dom nant or core network of the ecosystem  The core diagramis a network
formed fromthe nost prevalent variables and |inkages in a set of individua

nodels. Although a loop diagramfor a single date can appear to have m ssing
links, the core structure for an annual cycle or set of diagrans represents
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Figure 8-1. Ceneralized loop diagram of a marine community |ocated

near a power plant. The power plant produces
paraneter effects of heat and inpingenent. Variables
include nutrients (N), edible algae (E), inedible

al gae (I), zooplankton herbivore (H), larval fish (F,)
and adult fish (F,).
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Figure 8.3. Two alternative nodels of regulation of fjshin
industry (1) and of fish population (F) by regullatorg
agency {X)
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