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Watersheds  are  under  increasing  stress  from  the  cumulative  environmental  effects  of  water  and  land
use disturbances  caused  by  both  anthropogenic  and  natural  causes.  Yet,  while  the  science  of  watershed
cumulative  effects  assessment  and  management  (CEAM)  is advancing  much  less  is  known  about  the
institutional  and  capacity  requirements  to  implement  and  sustain  watershed  CEAM.  Based  on  lessons
from  a transboundary  watershed  in  western  Canada  this  paper  presents  eight  institutional  requirements,
or  requisites,  for  the  implementation  of  watershed-based  CEAM.  We  suggest  that  effective  watershed
CEAM  requires  government  leadership  to  move  beyond  the  current  inward  focus  on  project  approvals
nstitutional requirements
atershed management

nvironmental assessment
estern Canada

toward  an  outward  focus  on the  cumulative  effects  of all  disturbances  in  a watershed;  complementary
monitoring  programs  at the project  and  watershed  scale,  and  a means  to ensure  the  sharing  of monitoring
data  across  watershed  stakeholders;  and  a nested  planning  framework  to  coordinate  watershed  planning
objectives  with  individual  project  impact  assessment  and  decision  making.  Results  of this  paper  show
that  simply  scaling  up from  individual  project-based  assessments  to the watershed  scale  exposes  many
institutional  constraints  that  can  impede  CEAM  action.
ntroduction

The cumulative effects of freshwater withdrawals and water-
hed alterations, combined with the stress of anthropogenic
isturbances on the landscape, are placing the sustainability of
lobal freshwater systems at risk (Schindler and Donahue, 2006;
leick et al., 2007). The need to assess and manage cumulative
ffects on freshwater systems is timely (e.g., Dubé et al., 2006;
quires et al., 2010; Noble et al., 2011). However, there are constant
nd consistent messages that the current practice of watershed
umulative effects assessment and management (CEAM) is simply
ot working (Dubé, 2003; Seitz et al., 2011).

Part of the challenge is that the cumulative effects of multi-
le stressors on freshwater systems are seldom, if ever, considered
y land use planners and policy makers (Schindler and Donahue,
006). Rather, development activities are typically considered on

 project-by-project basis with little regard for the effects that

ay  result in combination with other past, present, and reason-

bly foreseeable planning and development actions (Duinker and
reig, 2006). As a result, CEAM for freshwater systems has been
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narrow and reactive as well as divorced from the broader planning
and decision-making context. Moreover, CEAM is poorly equipped
to deal with cumulative change at a watershed scale (Seitz et al.,
2011).

In Canada, there have been several science-based initiatives
to advance watershed CEAM and monitoring programs (e.g.,
Culp et al., 2000; Munkittrick et al., 2000; Dubé et al., 2006;
Squires et al., 2010), all based on the premise that the water-
shed provides an appropriate context to effectively understand
and manage cumulative effects to freshwater systems. However,
watershed-scale CEAM in Canada has experienced only mixed suc-
cess (Ayles et al., 2004; Ball, 2010; Schindler, 2010). There are
two foundations to CEAM: the science aspect of understanding
cumulative effects pathways and stress–response relationships;
and the institutional aspect of CEAM implementation, including
impact assessment, evaluation and monitoring to effectively man-
age cumulative effects. We  argue that although the science to
advance watershed CEAM is receiving increased attention, what is
needed to implement and sustain watershed CEAM programs has
yet to be addressed in any substantive way  (Noble et al., 2011; Seitz
et al., 2011). Institutional constraints, often discussed in terms of

capacity in the water resource management literature (see Timmer
et al., 2007; de Loë et al., 2002; Patrick et al., 2008), can pose sig-
nificant barriers to the assessment and management of cumulative
environmental effects (Noble, 2010).
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This paper presents eight institutional requirements, or req-
isites, for the implementation of watershed-based CEAM. The
equisites are developed based on a case study of the South
askatchewan watershed, a transboundary watershed in western
anada; however, we suggest that the requisites are not unique to
he South Saskatchewan context. The South Saskatchewan water-
hed, like most of Canada’s watersheds, is subject to multiple
urisdictions and land uses and is characterized by growing con-
erns over water security amid a future of climate uncertainty
Wheaton et al., 2008; Patrick, 2011). In the sections that follow we
rst provide context for the current state of watershed-based CEAM

n Canada, followed by a description of the study area and research
ethods. We  then present eight requisites for effective watershed

EAM, and discuss the implications for advancing watershed-based
EAM practice.

atershed cumulative effects assessment and management

The health of a river system is largely a function of in-stream use,
llocation and interactions and processes that occur on the land-
cape within the boundary of the river system. Cumulative effects
o watersheds thus include any changes that involve watershed-
cale processes (Reid, 1993), and also landscape disturbances that
ccur in the drainage area with potential to adversely affect water
uality or quantity (Seitz et al., 2011). Although individual project
roponents are often required to consider the potential cumulative

mpacts of their projects under legislated environmental assess-
ent (EA), specifically for large projects such as pipelines and
ining operations, project-based EA alone is simply too restric-

ive to effectively address cumulative environmental change (Gunn
nd Noble, 2009; Franks et al., 2010). For example, many of the
ndividual point and non-point source stresses that contribute
o cumulative effects in a watershed, including many small road
rojects, agricultural operations and storm water drainage alter-
tions, are either deemed individually too insignificant to trigger an
A process or they simply fall outside the scope of EA requirements
Noble et al., 2011). In the Canadian context, these limitations to
roject-based EA have been exacerbated by recent reforms to EA
egulations that further exempt many small projects from assess-
ent in order to add efficiencies to the regulatory process.1

There is now a collective understanding that CEAM must
dvance beyond the evaluation of site-specific, direct and indi-
ect project impacts to encompass broader regional understandings
nd considerations of the sources of cumulative environmental
hange (e.g. Dubé et al., 2006; Canadian Council of Ministers of
he Environment, 2009; Gunn and Noble, 2009; Seitz et al., 2011).
ut, the majority of CEAM initiatives for watersheds, particularly in
he Canadian context, have been “one-offs” lacking integration into
roader watershed planning, and have had limited influence over
evelopment decisions taken at the project level (Schindler and
onahue, 2006; Noble, 2010; Seitz et al., 2011). This, we argue, is
n implementation gap and in particular one that revolves around

 poor understanding of the specific institutional requirements not
nly to support, but also to deliver, effective CEAM.
Institutional and capacity-related issues are a prominent con-
ern in water resource management (de Loë and Kreutzwiser,
005; Patrick et al., 2008), and arguably amongst the most signif-

cant challenges to watershed CEAM. Based on experiences with

1 For example, the 2009 Canadian federal budget bill implementation statute, and
ill  C-9 for the 2010 federal budget, included provisions for EA exemptions for many
mall infrastructure project and the ability to avoid detailed EAs on large projects by
reaking them up into smaller projects. For further discussion see Noble (2010), and
azell (2010) ‘How to get rid of pesky environmental laws in a minority parliament’,
vailable at http://www.canadianlawyermag.com.
 Policy 30 (2013) 67– 75

floodplain restoration in the UK, for example, Adams et al. (2005)
and Hughes et al. (2001) report that the major challenge in scal-
ing up from the project scale to the watershed scale lies not solely
in understanding ecological interactions but also in the additional
institutional and management complexity that is involved in such
broader, watershed-based planning and management processes.
The urgency of advancing CEAM to include the regional scale was
emphasized on the international stage in 2008 at a global con-
ference on CEAM organized by the International Association for
Impact Assessment, the world’s leading authority on impact assess-
ment. Identifying the institutional and capacity needs to support
CEAM was identified as one of three priorities for advancing CEAM,
and the watershed was  noted as an important spatial unit of
application.2

There is a growing body of literature informing the ‘science’
of CEAM (Moss and Newig, 2010; Squires et al., 2010; Greig and
Duinker, 2011) and on the need to advance CEAM from the project
to the regional scale (Duinker and Greig, 2006; João, 2007; Gunn
and Noble, 2011). However, there remains limited understanding
of the institutional aspects of CEAM and of the capacity require-
ments to implement and sustain CEAM beyond the scope and scale
of the individual development project. Investigation of the under-
lying requisites for successful CEAM at the watershed-scale is long
overdue.

Study area and methods

South Saskatchewan watershed

The South Saskatchewan watershed (SSW) extends across the
southern regions of the provinces of Alberta and Saskatchewan
(Fig. 1). Originating on the eastern slopes of the Rocky Mountains,
the South Saskatchewan River flows 1392 km before joining the
North Saskatchewan River, which drains into Hudson Bay, Mani-
toba. The total population of the SSW is approximately 2.2 million,
of which the majority resides in urban centers (Bruneau et al.,
2009). Agriculture, including crop production and livestock graz-
ing, is the primary land use (Martz et al., 2007). Other land and
water uses include coal-fired and hydroelectric power generating
stations; oil and gas extraction; manufacturing and processing; as
well as several gravel and potash mines.

The 2010 ‘State of the Watershed Report’ (Saskatchewan
Watershed Authority, 2010) classifies the overall condition of the
watershed as ‘stressed’, meaning that the watershed has shown no
significant degradation of function or in the services it provides, but
has lost its resistance to change. Water quality in the watershed is
classified as ‘healthy’ based on the Canadian Water Quality Index
(Saskatchewan Watershed Authority, 2010), but with growing con-
cerns over nutrient loading due to agriculture and urban runoff. The
continuing practice of wetland drainage to increase farmland area
also remains a significant concern. Under an intra-provincial agree-
ment, 50 percent of the flow of the South Saskatchewan River must
be passed on from Alberta to Saskatchewan. In dry years this poses a
significant management challenge given water demands in Alberta
(Schindler and Donahue, 2006). Squires et al. (2010) report that
summer flows in the South Saskatchewan have been reduced by
84% since the early 20th century, and its major tributaries have all
been subjected to multiple impoundments and large withdrawals.

Agricultural activities account for approximately 85% of total water
withdrawals (Martz et al., 2007). These and other water quantity
and quality concerns, as well as the multi-jurisdictional boundary of

2 See http://www.iaia.org/iaia08calgary/ for on-line conference proceedings and
speaker audio presentations.

http://www.canadianlawyermag.com/
http://www.iaia.org/iaia08calgary/
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Fig. 1. South Saskatchew
ap  adapted from Martz et al. (2007).

he watershed, make the SSW a valuable unit of study for advancing
atershed CEAM.

articipants and institutions

Governance institutions responsible for assessing and man-
ging water and land use in the SSW are complex and include
he federal government, two provincial governments and several
egional quasi-governmental organizations (Table 1). Environmen-
al assessment is legislated by either the province of Alberta or
askatchewan, with many projects subject to federal EA or to
oint federal–provincial assessments. Each jurisdiction has differ-
nt requirements for the types of activities subject to EA and
umulative effects assessment. Cumulative effects assessment is
equired for development projects under sections 16(1) (a) of the

anadian Environmental Assessment Act (Canada, 1992) and 49(d) of
he Alberta Environmental Protection and Enhancement Act (Alberta,
993). There is no requirement under Saskatchewan’s Environ-
ental Assessment Act (Saskatchewan, 1983) for cumulative effects

able 1
rimary water governance institutions in the South Saskatchewan watershed.a

Federal Inter provincial Provincial 

Alberta 

Fisheries & Oceans Prairie Provinces Water
Board

Alberta Environ. 

Agriculture Canada Int. Joint Commission Alberta Agriculture,
Food & Rural
Development

Environ. Canada 

Cdn.  Environ. Assess. Agency Agri-Environment
Service Branch

Ministry of Sustainable
Resource Development

Natural Resources Canada 

Parks  Canada Natural Resource Cons.
Board

Health Canada 

Transport Canada Alberta Health &
Wellness

a Source: Orrego, 2007; Patino and Gauthier, 2009; Sheelanere, 2010.
tershed and sub-basins.

assessment. Much of the development activity and water with-
drawal use that occurs in the SSW are either deemed individually
too insignificant to trigger EA (e.g., feedlot operations, road devel-
opments) or are not legally subject to EA (e.g., urban sprawl,
agricultural practices) (see Noble et al., 2011).

Data collection and analysis

Semi-structured interviews were used to identify participant
perspectives about the requisites for watershed CEAM. Four groups
of participants were identified: government departments and
agencies, watershed boards and agencies, EA practitioners, and
the scientific community (Table 2). Government departments and
agencies included those responsible for administering EA in the
SSW, setting terms of reference for EA, and monitoring project

impacts and watershed conditions. Watershed agencies included
those organizations involved in watershed management activities,
such as source water protection planning, monitoring programs,
and baseline studies. Practitioners included those industry EA

Regional–local organizations

Saskatchewan Alberta Saskatchewan

Saskatchewan
Watershed
Authority

Alberta Irrigation
Project Association

SSW South West Development
& Lake Diefenbaker
Development Area

Sask Water Sustainable
Resource
Development

Saskatchewan Soil
Conservation Association

Saskatchewan
Agriculture & Food

Saskatchewan Urban
Municipality Association

Saskatchewan
Environment

Saskatchewan Municipal
Government

Saskatchewan
Health
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Table 2
Total number of participants interviewed in each group and their jurisdictions.

Participant groups Jurisdiction Interviews

SK AB Federal

Representatives from government departments and agencies (regulators) 5 4 3 12
Watershed boards and agencies 4 3 7
Environmental assessment practitioners 2 3 5
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Scientific community

Total

xperts and consultants who are hired by proponents to conduct
roject EAs. The scientific community included scientists from both
cademic and environmental non-government organizations who
re involved in CEAM related research initiatives in the watershed,
ncluding water quality and quantity assessments, land use and
ydrological modeling, and analysis of ecological stress–response
elationships. Our goal was to solicit the experience and expertise of
hose stakeholders in the watershed who are directly or indirectly
nvolved in watershed management or CEAM-related activities,
ncluding science, regulation, planning and impact assessment, and
hus in some capacity affect potential watershed CEAM initiatives.

Potential participants were identified based on the informa-
ion available in impact statements, watershed reports, and agency
ebsites, with additional participants identified using a snowball

ampling design (see Flowerdew and Martin, 2005). A total of 58
articipants were initially contacted, of which 30 agreed to par-
icipate. The interview focused on (i) the nature and current state
f CEAM under project EA; (ii) the concept of watershed CEAM;
nd (iii) the institutional requirements to implement and sustain
atershed CEAM. Interviews were voice recorded, transcribed and

ubjected to qualitative analysis consisting of coding key themes
hat emerged. All interview data were analyzed with the assistance
f ATLAS-ti © software. Analysis focused on delineating common
hemes and areas of consensus, and disagreement, respecting the
nstitutional requirements to advance CEAM from the project to the

atershed scale.

equisites for watershed cumulative effects assessment and
anagement

We report on the results of our assessment of the current nature
nd state of CEAM in the SSW, including watershed CEAM, in
oble et al. (2011).  In the sections that follow we  focus on the

equirements for advancing watershed CEAM implementation. It
s important to note that there is no universally accepted definition
f a ‘cumulative effect’ (Cooper and Sheate, 2002; Gunn and Noble,
011), and this was reflected in the responses of our study partici-
ants. Many participants deferred to the definition of a cumulative
ffect offered by the Cumulative Effects Assessment Practitioner’s
uide (Hegmann et al., 1999), but variably characterized cumula-

ive effects based on the source of stress (i.e., combined actions)
r based on the impacted environmental system (i.e., outcome of
ombined actions) (see Noble et al., 2011). However, regardless of
he characterizations of cumulative effects, eight themes emerged
rom our interviews that can be categorized as requisites for effec-
ive watershed CEAM. These requisites capture various political,
uman, technical, managerial, legal and financial capacity issues
nd needs for CEAM and are summarized in Table 3 and reported
n briefly in the sections that follow.

 lead agency to administer a watershed CEAM framework
A dominant theme that emerged from our interviews was  that
atershed CEAM requires a lead agency that has a mandate for
atershed monitoring and the ability to inform decisions about
4 2 6

15 12 3 30

land use and development decisions. Such an agency requires
authority to implement and enforce regulations across jurisdic-
tions to support watershed CEAM, including land use regulations,
monitoring and reporting requirements. The allocation of tech-
nical and financial resources to support CEAM initiatives would
also fall under the responsibility of the lead agency. The major-
ity of participants suggested that provincial government would
be a suitable lead agency, with one practitioner explaining that
it was government that has to “set the vision, strategy and the
framework. . .the process and the expectations.” Another practi-
tioner noted that only government has the capacity to integrate
and manage the diversity of land uses that occur in a watershed. A
participant from a watershed agency emphasized the importance
of a lead agency noting that “everybody can monitor data slightly
differently and perhaps you are not [now] getting that consistency.”
An EA administrator agreed, explaining that currently in the SSW
there is “multiple decision makers making decisions on different
types of developments.  . . there is no commonality.”

The notion of a consortium of independent stakeholders was
posited by one participant from the scientific community, but the
participant went on to suggest that only government can effec-
tively “operate at the level of the larger umbrella.” Participants from
watershed agencies and both provincial governments agreed, say-
ing “if you don’t have government at the table, you lack the ability
to regulate;” government leadership is the only means to ensure
consistency in any CEAM program; and only government can rep-
resent the range of public interests in the watershed. A practitioner
added that the lead agency must “set the direction and industry
has to move or roll in that direction. . .to decide on what is the
future and destiny of these landscapes and let industry work within
that vision.” Only one participant spoke directly to the transbound-
ary nature of the SSW, and said that the federal government must
also play a role in ensuring the “accountability of what is occur-
ring between borders. . .between two  provincial governments” in
managing river systems.

Multi-stakeholder collaboration with defined roles and
responsibilities

A second requisite was that the roles and interests of water-
shed stakeholders must be well defined to represent CEAM. There
must be a “framework or process in place that can be used by
the whole diversity of individuals. . .that would need to come
together,” explained one scientist. An EA practitioner expressed
a similar view, saying that for watershed CEAM to succeed there
must be “appropriate representations from the stakeholders, which
means that the major industries and ENGOs, the scientific com-
munity and all of those groups have a role.” Stakeholders in the
watershed must “agree that this is the operating context and here
is the change we are willing to live with and here are the indicators
that are relevant to tracking,” explained another EA administrator.
There was also consensus amongst participants when asked to
identify the stakeholders that needed to be engaged in watershed
CEAM and their primary roles. The lead agency was identified
as responsible for establishing watershed planning objectives,
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Table  3
Requisites for watershed cumulative effects assessment and management.

Requisite Definition

1. Lead agency A clearly identified, overarching agency with the authority, mandate and the capacity for CEAM,
including the means to direct monitoring programs and influence decisions about land use and project
development.

2.  Multi stakeholder collaboration Roles and responsibilities of various stakeholders in watershed management and science are well
defined and stakeholders are represented in impact assessment and decision making about
development.

3.  Watershed baselines, indicators and thresholds The state of the watershed needs to be known and agreed upon science-based indicators and
thresholds for impact assessment and monitoring are required at both the project and watershed scale.

4. Multi-scaled monitoring Monitoring programs are mandated at both the individual project and watershed scales, focused on
water quality and quantity across the watershed, site specific actions, and land use changes that affect
watershed processes.

5.  Data management and coordination Monitoring data, both spatial and aspatial, that are needed for assessing and understanding watershed
cumulative effects must be made available and in common data formats to all watershed stakeholders.

6.  Vertical and horizontal linkages There are formal management and science linkages across watershed management policies and plans
as  well as between watershed CEAM and project-based assessments, monitoring and decision-making.

7.  Enabling legislation There is a means to implement watershed CEAM initiatives, enforce monitoring programs and
compliance and ensure influence over development decisions taken at the individual project level.
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8. Financial and human resources Sufficient financ
CEAM programs
communication

etting development thresholds and terms of reference for project
A and monitoring programs, and leading the development of
artnerships to implement CEAM. The role of project proponents
as thus seen as to fulfill the terms of reference and monitoring

nd reporting requirements set for their project EAs, and to adopt
itigation measures in accordance with the thresholds established

or the watershed.
Watershed agencies were identified as playing an important

ole in watershed planning and monitoring programs, and state-of-
he-watershed reporting. A participant from one of the watershed
gencies explained that watershed agencies could function as “an
mbrella organization, looking at some of the issues that are out
here and providing advisory comments” to the lead agency in
erms of changes in baseline conditions, public concerns, and sus-
ected incidents of non-compliance with mitigation or thresholds.
everal participants also emphasized that independent scientific
xpertise was required to develop the appropriate indicators and
ools needed to support CEAM. As described by one EA practitioner,
he scientific community must identify the appropriate indicators
f cumulative change and “provide an independent evaluation that
s based on science.” Another practitioner similarly identified the
mportance of the scientific community in developing the neces-
ary models and innovations needed to link river system health
o broader land uses and disturbance in the watershed, such that
he cumulative effects of individual actions can be understood. A

inority of participants, primarily those from watershed agencies,
aised the importance of Aboriginal and other local community
ngagement in CEAM; however, most often such engagement was
dentified as a requirement of the lead agency.

stablishment of watershed baselines, indicators and thresholds

Participants identified the need for technical capacity to support
CEAM, specifically that the physical state of the watershed must

e known as well as a set of agreed upon indicators and thresholds
stablished for assessment and monitoring purposes. As one EA
dministrator explained:

“[if] there is no commonality to what they are basing their deci-
sion on.  . .that comes back to the idea of identifying what we are

all managing for on a regional basis, setting limits and thresholds
based on that, and in making every decision maker accountable
for taking into consideration those regional capacities and limits
when they make their decisions.”
d human resources are available to implement and sustain, over the long term,
equirements (e.g. monitoring programs, landscape modeling, reporting,
ata management and coordination).

Participants identified the need for watershed CEAM indicators
of three types: indicators that are useful for monitoring water qual-
ity and quantity across the entire watershed; indicators that may  be
specific to certain industrial activities that are useful for monitoring
site specific actions or emissions to river systems; and indicators
that are useful for monitoring land use change that affect watershed
processes—e.g., fragmentation metrics, impervious surfaces.

The importance of scale with respect to indicators was  a recur-
ring theme. As noted by one participant, “at a broader scale you have
to select some very generalized indicators” whereas more specific
indicators may  be identified and used for site-specific monitoring.
An EA administrator agreed, but noted that in the SSW “we have
good information on water quality. . .but there is a need for some
work on the land side as to what are the best indicators.  . .;  some of
them work at one spatial scale but are not necessarily appropriate at
another spatial scale.” Another EA practitioner similarly noted that
some indicators are “easier to study and respond to certain activi-
ties differently than others” and, as a result, indicators need to be
selected “based on the nature of the changes that are influencing
the water body and based on their importance and their response to
the change.” The importance of ensuring that those indicators are
also meaningful from a management perspective was also raised,
and that it was  important to “start with something that we have
some tools or governance approach to control.”

Closely related was  the recognition of thresholds for prioritizing
and identifying areas of concern in a watershed where develop-
ment activities are planned. As one practitioner noted, an important
aspect of watershed CEAM is “defining thresholds and defining the
extent. . .if  you have a small project at one part of the river, if you
want to put that into context for CEAM, then you need to define
those limits and on a cumulative effect basis, you want to know that
limits are in the watershed scale.” There was, however, no consen-
sus as to what these specific indicators or thresholds should be or
how they are best established.

Multi-scaled monitoring

Monitoring was  identified as essential to ensuring the suc-
cess of watershed CEAM. As one EA administrator explained, “we
need monitoring, modeling, the development of outcomes and

understanding what the indicators and thresholds are for those out-
comes” for the watershed. A practitioner similarly emphasized the
importance of monitoring at the watershed scale, and explained
that such “monitoring requirements need to be linked to a
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pecific criterion.” The participant went on to explain that “if there
s one water quality criterion, as an example, for one region or one
et of benthic communities, then monitoring, a scientific design
hat has the power to detect those changes, is what is required.”
uch monitoring programs, explained the interviewee, have the
ower to detect changes at the watershed scale and are required
or understanding cumulative effects.

At the same time, however, participants noted the importance
f monitoring practices at the individual site – at the level of the
pecific development projects, for those projects subject to EA or
imilar permitting or reporting requirements. Monitoring at the
ndividual project or site-specific scale, explained one regulator,
llows avoidance of certain cumulative effects by detecting effects
nd mitigating them at their source. One practitioner suggested
hat project-based monitoring provides an opportunity in water-
hed CEAM “to build implementation schemes where proponents
an contribute to part of a broader scheme by consistent monitor-
ng of their own effluents or their own footprints, depending on the
ndicators that are considered.”

An interviewee from a watershed agency said that integrated
onitoring systems are needed since “it is one thing to collect

nformation or collect data on individual sites but there has to be
ome degree of integration” in order for it to be useful at either the
atershed or the individual project scale. To achieve this degree of

ntegrated and nested monitoring in support of watershed CEAM,
nd to maintain consistency in monitoring information obtained,
articipants noted that a monitoring framework for the water-
hed must be established under the leadership of government. As
xplained by one scientist from an environmental organization, “it
eeds to be almost like a government regulated monitoring system

ust to ensure that everybody is kind of going at the right way. . . this
s why there needs to be an over arching guidance source support
ystem.”

ata management and coordination

Fifth, participants noted that monitoring data needs to be shared
nd made available in a format that is of value to end users, includ-
ng project proponents, regulators, practitioners, and watershed
gencies who report on the state of the watershed. A common con-
ern was that large amounts of valuable data are already stored
n different databases in the SSW, and are not directly accessible
or any type of watershed assessment. Ideally, explained one EA
egulator, data needs to be gathered and accessed through a cen-
ralized process as this would provide opportunities to integrate
uture project information with watershed scale information. The
articipant went on to explain that this would add efficiencies to
roject-based EA in that data needs and gaps could be identified
ather than having to recreate data for individual projects. An EA
ractitioner agreed, and added: “if there was a centralized collec-
ion of data we could do better job of keeping a closer eye on what
s getting used and when there are patterns.” But, the participant
lso explained that for any watershed-based data system there is a
eed to “plan what you are trying to get out of it, rather than just
toring data, if you actually want to make a service available to the
roponents for the purposes of watershed management.” A water-
hed agency participant agreed, and noted that “assistance needs
o be established for sharing it. . . that is one of the advantages of
aving a single body that is kind of responsible for the watershed
nd they would be a central repository for data.”

Participants agreed that CEAM data collection and management
ould be achieved by establishing watershed-based protocols on

he formats or standards that are needed to ensure that data are
seful for understanding cumulative watershed change. For exam-
le, a provincial EA administrator noted: “what government can
o is create the framework, create the consistency and the data
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collection, create the codes for data collection and reporting and
responding.” A federal EA administrator agreed, and similarly noted
that, from the federal government’s perspective, there is a need to
“feed information into the various exercises” to support watershed
CEAM and that this requires a “protocol for sharing the information,
so that we  [the federal government] can assist the jurisdictions. . .to
manage that information collectively and feed it to the appropriate
decision makers.”

Vertical and horizontal linkages

All participants expressed that effective watershed CEAM will
require some form of tiering with project-based EA processes and
requirements, and that some consistency between project-based
EAs on monitoring indicators and knowledge sharing is required
if project EA is to contribute to common watershed CEAM goals
and initiatives. The majority of participants identified this tiered
relationship in terms of watershed CEAM setting a direction, if
not requirement, for project-based EA actions. As one practitioner
explained:

“. . ..the broader scale assessment helps to establish a set of tar-
gets or guidelines in order to identify the desired state of a
region; it is a target or a threshold to manage to and then project
specific assessments can consider their contributions relevant
to that target or guideline.”

Another practitioner agreed, and explained this tiered relation-
ship with the following scenario:

“Let us say regional CEA[M] is done for intensive agriculture
in the South Saskatchewan River basin. If you did the regional
[assessments], you could determine how much nutrients are
possible to runoff into the watershed or into the rivers and still
be acceptable to the stakeholders. And by doing that if your land-
scape could tolerate, let us say, 14 feedlots and you only have
8 right now, and if you want to go up to your limit you would
just accept six more or whatever would fall beneath your tar-
get. So that is how CEA[M] and [project-based] EAs could work
together”

Other participants expressed a similar tiered relationship
between CEAM and project-based EA. One EA practitioner noted
the “broader scale assessment sets what a desired outcome is and
builds some objectives in terms of what is going to be acceptable or
not.” The participant went on to explain that this not only provides
some consistency across project developments, but also greater
certainty to developments in that “before a proponent spends a
lot of money planning to do a project they can actually identify
whether or not it is even feasible for them to go or not” An EA admin-
istrator agreed, and indicated that “project EA would be very useful
if we agreed what residual impacts from a project are relevant to
manage, and used that information to contribute to a larger knowl-
edge of the change in the environment in the broader perspective.”
The participant went on to explain that if the evaluations for indi-
vidual projects are done in the desired fashion, with some standards
and consistency across project due to the higher level direction of
watershed CEAM, then it is possible to “know the contribution of
the residual effects of each development into a larger framework to
understand the overall changes”. “The need for project assessment
is still going to be there”, explained another EA administrator, “but
it will be in a different context.” The participant explained that “if
we are doing assessment at a regional scale, in doing those assess-

ments we should be aligned in addressing some of the data needs
and data standardizations. . .and the project would have to follow
those kinds of protocols in assessing the impacts of their project.” A
scientist from academia simply summed up their view as follows:
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“what needs to happen is they [individual project proponents]
need to be told how to do it [EA and monitoring] and the way
they do it fits into a larger regional CEA frameworks, so their
information becomes part of the bigger picture but they are not
responsible themselves for the bigger picture”.

uman and financial resources

All participants agreed that significant financial and human
esources are needed to implement and sustain watershed CEAM
rograms and requirements over the long term, including mon-

toring, landscape modeling, data management, coordination of
takeholders and reporting and communication. The majority of
articipants simply said that funding watershed CEAM should be
he responsibility of government. One EA practitioner expressed
hat it was “the government’s responsibility for maintaining the
ntegrity of the watershed, not the function of the individual pro-
onent or development, so it is the government responsibility” to
rovide the necessary data, financial and human resources.

Several participants spoke to the possibility of taxes or licensing
ees to help support, financially, watershed CEAM. An EA adminis-
rator suggested that ‘there are different ways of gaining the money
ut ultimately you and I are going to pay in someway through our
axes. . .it is going to funnel through government in some way.”
nother practitioner agreed, simply stating that “it is just a cost
f doing business: land uses create benefits, it creates liabilities, it
reates benefits for society, for public [and] our tax dollars should
e directed to doing CEA[M].” However, an alternative model was
uggested by a federal EA administrator. The participant suggested
hat although “the cost of managing such a system has to be borne
y the public sector”, there could also be an “innovative approach
o recovering costs through user fees.” The interviewee went on
o explain that “if a proponent wishes to access that information
ase” as part of their EA process or requirements, then “perhaps
hey should be paying for it.”

nabling legislation

There was much less consensus on whether watershed CEAM
eeded to be a legislated process, and there were no differences
etween the views of government versus non-government partic-

pants. About half of participants said that watershed CEAM could
ot be achieved without formal commitments through legislation.
ne EA administrator commented that “there are some things you

ust can’t get done on a voluntary basis”, and legislative instru-
ents are necessary to enable the responsible agency to take the

ecessary actions to enforce monitoring and reporting standards,
o set terms of reference for project-based EAs, and to issue penalty
n the case of non-compliance. Others viewed legislation as neces-
ary to ensure the accountability not only of developers and project
roponents in the watershed, but also of government. A partici-
ant from one watershed agency, for example, said that legislation

s needed to ensure that government decisions and development
uthorizations are in compliance with watershed CEAM principles
nd findings. Another participant, from and ENGO, stated that “the
est way to do this [CEAM] is to develop an over-arching act or set of
egulations that would need to be in place and that all government
epartments would be required to adhere to the regulations.”

The other half of participants expressed mixed views about the
eed for a legislated process. Some indicated legislation was  not

 necessary component of watershed CEAM. These participants
xplained that watershed CEAM required consensus among stake-

olders and that and incentive-based approach would be more
ffective than a legislated process. A representative from govern-
ent said that “one of the key ingredients is a motivating force

o identify and engage a champion or catalyst for the process.”
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Another provincial regulator indicated that there currently exists
legislation for EA in the SSW, yet practice continues to fall short of
good practice, and added: “I don’t think legislation is a panacea, I
don’t think it is going to solve the problems that we  have.” Another
interviewee, from a watershed organization explained, “new leg-
islation is not going to change anything without willingness to
enforce . . .so I am not sure whether legislation is needed.” Oth-
ers suggested that a degree of “enabling legislation” is needed to
ensure that regulators do have the ability to set standard terms
and requirements for development proponents based on broader
watershed goals and objectives, and to ensure that monitoring pro-
tocols are being followed. As explained by an interviewee from one
environmental organization, there needs to be a delicate balance
between legislation and cooperation. An interviewee from a water-
shed organization suggested that legislation is needed to ensure
that the results of watershed CEAM are meaningful and influential,
but that legislation may  not be needed for the initial development
and promotion of watershed CEAM.

Discussion

Eight requisites emerged from our study as necessary to imple-
ment and sustain watershed CEAM. Participants identified no
hierarchy or priority order of requisites, and we  suggest that the
need to build capacity in each of these eight areas will vary from
one watershed to the next depending on, for example, the support-
ing regulatory environment, the state of knowledge of watershed
conditions, and existing planning frameworks and monitoring pro-
grams; however, we do suggest that these requisites are not all
independent. In the sections that follow we  discuss three under-
lying themes concerning watershed CEAM, and the requirements
for advancing practice. Although based on the SSW context, these
lessons are broadly applicable to advancing watershed CEAM inter-
nationally.

Leadership

First, watershed CEAM requires leadership. There is a recognized
need for CEAM in watersheds; however, the move from a project-
specific approach toward a more regional approach “has not been a
sequential progression of methodological development and insti-
tutional evolution, but rather a series of ad hoc responses to the
shortcomings of project-based EA” (Gunn and Noble, 2009, 259
pp.). There have been several watershed-based CEAM initiatives
in Canada over the past decade, but all have been ‘one-off’ studies
and have lacked the necessary institutional leadership to ensure
their effectiveness in development impact assessment and deci-
sion making (see Harriman and Noble, 2008; Ball, 2010; Schindler,
2010). Assessing and effectively managing the cumulative effects to
watersheds is a complex undertaking that requires leadership and
coordination that is beyond the knowledge, capacity, and mandate
of individual project proponents (Carter et al., 2005). Unfortu-
nately, neither has CEAM for watersheds been within the purview
of provincial nor regional regulatory authorities (see Noble et al.,
2011). There is a need to modify current institutional policies that
do not take into account the holistic needs of watershed planning
and management generally (Carter et al., 2005) and of CEAM specif-
ically.

Our study suggests that a provincial government, or a
government-led consortium, must serve as the lead agency to over-
see, and ensure the proper resourcing of, all aspects of watershed

CEAM. Only government has the means and the regulatory author-
ity to ensure CEAM implementation and compliance. In order for
this to happen, however, there is a need to move beyond the current
inward focus on project approvals toward an outward focus on the
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umulative effects of all disturbances in a watershed (see Schindler
nd Donahue, 2006). Watershed CEAM necessitates collaboration
n a scale much greater than what is traditionally practiced in
roject-based EA; it requires knowledge of the current actions and
roposed development plans of entirely different industries (see
eitz et al., 2011). This demands a lead agency to coordinate water-
hed interests, set targets and thresholds for development actions
Dubé, 2003), establish terms of reference for the impact assess-

ents, to ensure common data collection and monitoring programs
or individual development actions affecting river systems (Ball,
010), and ensure compliance with monitoring and reporting stan-
ards.

cience-based foundation

Second, watershed CEAM requires a science-based foundation
o develop and maintain core baseline parameters, monitoring
tandards and procedures, as well as data management conven-
ions (Carter et al., 2005). A major requirement for watershed CEAM
s science that reflects the assessment needs of the watershed both
or individual projects and for broader watershed-scale issues. It is
hus necessary to focus CEAM on those components that are use-
ul as scientific indicators of river system change, but at the same
ime ensuring that those indicators are useful for, or responsive
o, project level induced effects (Harriman and Noble, 2008). This
s what Greig and Duinker (2011) refer to as the science ‘inside’
mpact assessment and science ‘outside’ impact assessment. Inside
he EA process, CEAM science must provide useful indicators for
he assessment, monitoring, and early detection and mitigation of
otentially adverse project-induced cumulative effects. Outside the
A process, Seitz et al. (2011) argue that, at a minimum, CEAM
cience must provide an understanding of the river system and
ppropriate cumulative effects indicators, and knowledge about
ow changes in landscape patterns and processes in the water-
hed are related to conditions of the river system. Such an approach
ill help in the identification of thresholds, or maximum allow-

ble levels of disturbance and change, to help trigger management
nterventions (see Winton et al., 2008).

The results of our study also indicated that successful CEAM sci-
nce requires complementary monitoring programs at the project
nd watershed scale, and a means to ensure the sharing of moni-
oring data across watershed stakeholders. This requires, of course,
hat the lead agency has the mandate to require that industries and
and users share their monitoring data, and that standard protocols
re in place across the watershed to ensure consistency and quality
ssurance in monitoring programs across the range of develop-
ents in the watershed (Ball, 2010). Consistent with Kilgour et al.

2007), where the science does exist data sharing and data qual-
ty remain significant challenges. Our study participants noted that

 centrally managed information repository was  thus needed to
upport watershed CEAM and that shared accessibility and stan-
ardized data is essential.

lanning framework

Third, this research revealed the importance of organizational
tructure to support watershed CEAM. All participants indicated
hat watershed processes are interdependent and that watershed
EAM must encompass planning and impact assessment at both
he individual project and watershed scale. The project scale alone,
or example, was regarded as inadequate for capturing and man-
ging cumulative effects; but, at the same time, there was concern

hat CEAM solely at the watershed scale can miss opportunities to
dentify and mitigate potential cumulative effects at their source.
s Dubé (2003) explains, project-based EA can help provide the
pecific stressor information in relation to the project spatial scale;
 Policy 30 (2013) 67– 75

the watershed scale is necessary to determine the overall condition
of a river system due to the variety of stressors acting on it.

The ability to ‘tier-up’ and ‘tier-down’ between EA and CEAM
was thus identified as a necessary feature of any future CEAM
process. Participants noted that project-based EA must supply
information to watershed-based CEAM, and that assessing cumu-
lative effects under project-based EA is useful only if it is done
within a broader context and with a link to analysis at a water-
shed level. On the other hand, cumulative effect information from
project-based assessment could be used to help determine effects
at a larger scale. How to ensure this tiered relationship between
project EA and watershed CEAM, however, was  debated by study
participants. For example, although legislation is often regarded as
an important means of achieving institutional adaptation to imple-
ment new or evolving actions (see Cortner and Moote, 1994); there
was disagreement over whether CEAM should be managed through
legislation or through more voluntary means. To reduce feed lot
contamination of water sources in the US, for example, Centner
(2011) argues the benefits of voluntary programs and stakeholder
collaboration over inflexible regulatory regimes and the judicial
system. At a minimum, however, some form of enabling legislation
was identified in the SSW as a necessary component. Such enabling
legislation may  be in the form of explicit and binding terms of
reference developed with broader watershed CEAM objectives in
mind and designed to provide direction to project-specific EAs and
individual development and permitting decisions.

Conclusion

This paper set out to identify the necessary institutional require-
ments, or requisites, for the implementation of watershed-based
CEAM. These requisites will be challenging to achieve between
and among institutions. In addition, scaling-up from the project
scale to the watershed scale will raise complexity and increase
potential for conflict; but watershed-based CEAM needs to be
done. Freshwater resources globally are under increasing pressure
from the cumulative effects of land use change. The mandate for
watershed CEAM must come from government, meaning that the
current role of government in facilitating land-use planning and
development in support of watershed sustainability, and the rela-
tionship between government, scientists, and proponents requires
significant change (Noble, 2010). Watershed CEAM also requires
a much more integrative approach to CEAM than what is cur-
rently practiced – a framework that can operate at the watershed
scale, but also be capable of directing individual project-based
developments. While this relationship between project-based EA
and watershed CEAM seems almost intuitive, in practice project-
based EA remains largely divorced from watershed CEAM efforts
(Harriman and Noble, 2008).

Assessing and managing cumulative effects at a watershed scale
is challenging – not only scientifically, but also institutionally. Sim-
ply scaling up from the individual project to the watershed typically
exposes many constraints that can impede CEAM. We  need to
rethink our assumptions about cumulative effects; move toward
integration of CEAM knowledge in science and management; and
invest in the implementation of the institutional requirements
identified in this research. Only through such action will water-
shed CEAM advance from a novel concept and scientific exercise
to a regional planning, impact management and decision support
tool.
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