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5.0 Consequence Analysis
Abstract. Analysis summarized in Section 5 estimated the potential consequences
associated with interbasin water transfers between the Upper Missouri River and Red
River basins. Two economic approaches were used to estimate these consequences.
Habitat equivalency analysis was used to estimate consequences throughout the
assessment area including the Red River and Lake Winnipeg. That analysis indicated risk
consequences ranging from 0.6 to 3.1 river-miles of offsetting restoration on the Red
River and from 1.9 to 27,750 acres of offsetting restoration on Lake Winnipeg. While
those results suggest potentially significant consequences for Lake Winnipeg, their
interpretation depends on the feasibility and availability of appropriate restoration
measures.
Since the feasibility and availability of those restoration measures is not clear at
this time, a second economic approach was used to focus the consequence analysis on
Lake Winnipeg. Regional economic impact analysis was used to estimate the impacts on
output (sales revenue) and employment in the Lake Winnipeg commercial fishery. The
invasion scenarios with the largest consequences (slow and fast invasions given a jump
dispersal event) indicated a total expected present value between $33,000 and $136,000
in direct and indirect output impacts for all Canadian provinces. All other invasion
scenarios indicated smaller output impacts. Expected employment impacts in the very
high risk category (i.e., certainty) reach 331 full-time equivalent (FTE) jobs. The average
expected employment impacts weighted by the percent outcomes of respective risk
categories is zero FTE for all invasion scenarios.
Given the quantitative results from the habitat equivalency analysis and the
regional economic impact analysis, the following three conclusions can be drawn. First,
the overall results are sensitive to the distribution of probabilistic outcomes from the risk
characterization. Consequence levels for the individual risk categories vary substantially.
That variance reflects the different probabilities of successful invasion. A different
distribution of probabilistic outcomes would change the weighted averages of the
consequence levels. Therefore, this consequence analysis is sensitive to the results of the
risk analysis. In this particular case, the weighted average consequences are heavily
weighted toward the lowest risk category (87% of outcomes in the very low-risk
category). A distribution more heavily weighted toward the higher-risk categories would
yield substantially higher-weighted averages of consequences.
The second conclusion of this consequence analysis is that the speed of invasion
significantly affects the quantitative results. As many as four orders of magnitude
difference in offsetting restoration levels exists between the two invasions speeds
assumed in this analysis, and one order of magnitude difference is captured by output
impacts. A much more detailed analysis would match individually estimated invasion
speeds to respective organisms, and then aggregate the indicated consequence levels over
the species of concern. However, the information regarding species-specific invasion
speeds was not available to conduct that level of analysis. Therefore, this analysis
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indicates not only the significance of this analytic factor but also the need for additional
research in this area.
This consequence analysis also concludes that the anticipated distribution of the
method and number of dispersal events substantially affects the quantitative results. This
analysis considered only a limited set of potential dispersal scenarios. No information
was available to inform the distribution of these scenarios to include in the analysis.
However, the limited number of potential dispersal scenarios analyzed here indicated as
many as four orders of magnitude difference in offsetting restoration levels between
them. Similar to the conclusion regarding the speed of biotic invasion, this analysis
indicates a significant analytic factor and a need for further research.

5.0 Consequence Analysis: Introduction
This section presents a consequence analysis of specific risks that are potentially
associated with interbasin water transfers between the Upper Missouri River and Red
River basins. The specific risks addressed involve the possibility of biological invasions
between the two river basins. The analysis presented in the previous sections of this
report resulted in a risk characterization that integrates exposure and effects information
to estimate and describe the risks of adverse effects resulting from these potential
biological invasions. As an integral part of watershed management, consequence analysis
interprets a risk characterization to illustrate the significance of risk in meaningful terms
that promote public understanding and involvement in risk management. The specific
goals of this consequence analysis include the following:
•
•
•

Present the consequences of risk in a meaningful way that is easily understood by
stakeholders
Estimate a relevant range of the magnitude of risk consequences
Determine critical factors that influence the magnitude of risk consequences

This consequence analysis uses two economic approaches to illustrate the significance of
risk. The integration of ecological risk assessment and economic analysis in watershed
management is a relatively new concept with little empirical application (US
Environmental Protection Agency 2003). However, economic analysis typically forms a
key element of policy analysis for decision making (Loomis and Helfand 2001). That is
because economic analysis is often required in governmental decision processes (e.g.,
promulgation of federal regulations), and because the public in a market-oriented society
is generally familiar with economic indicators.
One economic approach used in this analysis, habitat equivalency analysis (HEA),
borrows from the established field of natural resource damage assessment. Natural
resource damage assessments are conducted to determine the specific restoration
measures needed to address injuries resulting from hazardous substance releases and
discharges of oil. A key assumption of the HEA method is that appropriate restoration
measures are feasible and available. This application of HEA was useful in quantifying
the relative consequences within the assessment area and indicated potentially significant
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consequences for Lake Winnipeg. Nevertheless, whether appropriate restoration
measures are feasible and available either now or in the future is yet another level of
uncertainty that was not addressed in this analysis.
Recognizing the possibility that appropriate restoration measures may not be
feasible or available, a second economic approach, regional economic impact analysis,
was used to describe potential consequences for Lake Winnipeg in terms of their impacts
on the economy (sales revenue and employment). Regional economic impact analysis
does not assume the feasibility or availability of appropriate restoration measures.
This section first provides a brief background of various economic approaches to
establish the context for this consequence analysis. The particular economic approaches
selected for this analysis are then presented, followed by descriptions of their application
in this consequence analysis. Finally, the conclusions of this consequence analysis are
presented.

5.1 An Economic Approach to Consequence Analysis
Policy analysts commonly employ economic approaches to present relevant
information to the public and ultimately to decision makers. For example, federal
agencies are required to conduct cost/benefit analyses of proposed government
regulations. 1 Those analyses present the estimated costs and benefits that can be
attributed to the particular regulations under consideration. Such economic analyses
present the consequences of policies in terms that are relevant for people in evaluating
their tradeoffs of current and future resources. While these tradeoffs are frequently
presented in monetary terms, they can also be cast in terms of other resource needs such
as habitat restoration.
The presentation of consequences in terms of resource tradeoffs is also
appropriate for watershed management issues (Bruins and Heberling 2005). In the event
of an adverse ecological impact resulting from a watershed management action,
individuals and firms may lose income, affected habitats may require restoration, and the
recreational services provided by those habitats may be diminished. Recognition of these
tradeoffs is an important part of communicating the consequences of risk to the public
and to decision makers.
An economic approach to this consequence analysis was chosen in order to
recognize some of the potential tradeoffs resulting from interbasin water transfers. The
field of economics is wide and provides a number of approaches to estimating tradeoffs.
These various approaches are briefly described below and specific approaches are
selected for the consequence analysis.

1

See Executive Order 12866 on regulatory planning and review in the October 4, 1993, issue of the
Federal Register (Volume 58, Number 190).
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5.1.1 Background of economic approaches. A key distinction among different
economic approaches is the type of economic values they are designed to address. One
economic approach frequently encountered involves estimating “regional economic
impacts.” These impacts describe the domino effect of spending (by commercial fishers
for example) that reverberates through a local economy. Such impacts are experienced in
the form of jobs, wages, tax revenues, and output or sales revenues.
These regional economic impacts are often gross economic values, meaning that
their associated costs have not been subtracted. Examples of associated costs include the
wages and taxes that businesses must pay out of their sales revenues. Since those costs
have not been subtracted, regional economic impacts double-count to some extent. For
example, the regional economic impacts of wages and tax revenues are also included in
the regional economic impacts of sales revenues. Therefore, the interpretation of gross
values like regional economic impacts must be cautioned by the potential for doublecounting and by the fact that certain costs must be paid out of them. However, the
regional economic impacts of various projects are frequently reported in the popular press
and are easily understood by the public.
Another type of economic value is net economic value. Net values are gross
values minus their associated costs. An example of net value is equity in real estate,
which is the sales value of property in excess of all claims against it. Another example is
business profit, which is sales revenue minus the costs of capital and labor. Since all costs
or claims have been subtracted, net values reflect the true worth of a resource since its
owner is free to spend or invest that amount at will. Further, net values do not doublecount and can therefore be aggregated meaningfully in a cost/benefit analysis.
A number of methods have been developed to estimate net economic values. 2
These methods frequently rely on public surveys, which require significant investments
in time and budget to design and implement. 3 Therefore, expedited methods have been
developed for use in a number of contexts including public policy analysis and natural
resource damage assessment. These expedited methods either estimate net economic
values or incorporate their consideration in the analysis of management actions.
Expedited economic methods appropriate to watershed management include
benefits transfer and HEA. Benefits transfer involves using economic values that have
been previously estimated and reported in existing studies to address similar issues in
other contexts. Specifically, per-unit value estimates from existing economic studies are
combined with site-specific resource information to estimate total costs and benefits. For
example, suppose a management action results in the loss of 150 angler-days of fishing
along a river. Then, per angler-day value estimates from studies of comparable resources
could be obtained from the economics literature and multiplied by 150 to estimate the

2

See Freeman (1993) for a comprehensive survey of economic methods that are applicable to natural
resources.
3
If conducted by or for federal agencies, surveys must also be approved by the Office of Management and
Budget.
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total cost of that action. Some original research may be required to obtain the necessary
site-specific resource information such as the number of affected angler-days. 4
The habitat equivalency analysis method does not estimate net economic values,
but HEA does incorporate its consideration in quantifying the impacts of management
actions. This method is widely used in natural resource damage assessments, which
determine compensation for lost or diminished ecological services.5 In that context,
compensation is provided by restoration projects that provide replacement services with
an economic value at least as great as the economic value of the lost services. That is, the
size of the restoration project must be sufficient to offset the economic value of lost
services. Therefore, the impacts are quantified as the size or cost of the required
restoration project. For example, replacement services could include the monitoring and
removal of existing invasive species that are not related to the project. Those replacement
services would improve habitat and represent real economic value. Obviously, a key
assumption of the HEA method is that appropriate restoration measures are both feasible
and available for implementation.
HEA employs other assumptions in order to avoid explicitly estimating economic
value. One assumption is that the unit economic values of the replacement services are
comparable to those of the lost services. This assumption is required because HEA
determines the size of the restoration project such that the total quantity of replacement
services provided through time is sufficient to offset the total quantity of lost services. 6
These services are quantified in physical units of measure such as acre years. 7 Given the
offset of the total physical quantity of lost services, the restoration project will be
sufficient to offset the total economic value of lost services if the unit economic values of
the replacement services are comparable to those of the lost services. This is reasonable if
the replacement services are comparable in type and quality to the lost services.
Therefore, to apply HEA, selected restoration projects must provide ecological services
that are comparable to those lost as a result of the resource impact. For example, if
aquatic habitat services are diminished as a result of an impact, then restoration must
provide similar aquatic habitat services in replacement. 8
The simplifying assumptions of HEA impose certain restrictions on its
application. However, the method also has the distinct advantage of focusing on
environmental restoration measures rather than on the estimation of economic values. In
4

See Kaval and Loomis (2003) and Desvousges et al. (1992) for a more detailed description of the benefits
transfer method. Also, see page 499 of the January 5, 1996, issue of the Federal Register (Volume 61,
Number 4) for a description of the application of benefits transfer in natural resource damage assessment.
5
Ecological services are the functions performed by a natural resource for the benefit of other resources.
For example, habitats provide food and refuge for wildlife populations.
6
Services lost or provided at different times are discounted at an appropriate rate to reflect time preference
considerations. See Brennan (1999) for a discussion of discounting.
7
An acre year refers to all the resource services provided by one acre of habitat for one year. This measure
of resource services is specific to habitat since different habitats provide different services. Other metrics,
such as river-mile years, can also be used.
8
See Unsworth and Bishop (1994), Jones and Pease (1997), and Allen et al. (2005) for a detailed
description of the HEA method. See Penn and Tomasi (2002) for an example application of this method.

Section 5, Biota Transfer Report, Consequence Analysis

6

natural resource damage assessments, this restoration focus is more easily understood by
a wider audience than the more theoretic valuation approaches.
5.1.2 Selection of specific economic approaches. Two economic approaches
were selected for this consequence analysis: habitat equivalency analysis and regional
economic impact analysis. HEA was selected for two reasons. First, HEA is a relatively
transparent economic approach. It describes consequences in terms of the amount of
restoration that would be needed to address potential impacts. The analytic inputs and
results of HEA are directly associated with the potentially affected resources and their
services. Because of that, the results of HEA are easily understood by a broad range of
interested parties.
The second reason HEA was selected is because it is readily available in terms of
the time and budget resources required for implementation. Unlike methods relying on
public surveys, HEA can be conducted relatively quickly and at a modest cost. Therefore,
HEA was considered to be the most cost-effective approach for describing the
consequences of risk throughout the entire assessment area. In that capacity, HEA was
used to quantify potential consequences for both the Red River and Lake Winnipeg.
This application of HEA indicated potentially significant consequences for Lake
Winnipeg. However, that indication of consequences relies on the feasibility and
availability of appropriate restoration measures. Since the feasibility and availability of
appropriate restoration measures is not clear at this time, a regional economic impact
analysis of the Lake Winnipeg commercial fishery was also conducted. Regional
economic impact analysis describes potential consequences in terms of their impacts on
the economy (output or sales revenue and employment) and does not assume the
feasibility or availability of restoration measures. Additionally, regional economic impact
analysis can be conducted quickly and at a modest cost since the necessary data are
readily available from Statistics Canada. Therefore, regional economic impact analysis
was used to focus the consequence analysis on the area indicated by HEA as potentially
most affected by the risks of biological invasions.

5.2 Habitat Equivalency Analysis: Model Development
In this section, the habitat equivalency analysis model is developed for the
consequence analysis. This model is essentially the same used in natural resource damage
assessments with one significant difference. Damage assessments are conducted after the
occurrence of an ecological injury. Therefore, that analysis is of a certain event.
Ecological risk assessments, on the other hand, address uncertain events in the future. To
accommodate this uncertainty, the probability of successful biological invasion is
introduced into the HEA model development. This probability is applied to the future
ecological losses that would occur given a successful invasion. This analysis presents the
consequences of this risk as the certain level of restoration that would be required to
address these uncertain losses. That is, a certain level of restoration is calculated to offset
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an uncertain risk of successful biological invasion. This quantification of risk
consequences is termed offsetting restoration.
The fundamental criterion behind this application of HEA is characterized by the
following relationship: 9
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Probability of successful biological invasion
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Lost services in time period t
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Net economic value per unit of lost services (assumed to be
invariant with respect to the scale of loss and time over a relevant
range)
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Net economic value per unit of replacement services (assumed to
be invariant with respect to the scale of restoration and time over a
relevant range)
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Time period when lost services first occur

t1
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Time period when lost services last occur
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=
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s1

=

Time period when replacement services are last provided

P

=

Present time period (when the analysis is conducted)

i

=

Periodic discount rate

The expression on the left-hand side of equation [1] is the expected present value of lost
services and the expression on the right-hand side is the present value of replacement
services provided by restoration. This criterion requires that sufficient replacement
services, Rs, be provided through time to generate a present value that is equal to the
expected present value of lost services.
9

This relationship is consistent with the expected value criterion for decision making under risk (Thusesen
and Fabrycky 2001).
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HEA is a specific application of this criterion. The simplifying assumption that is
required for HEA is that the replacement services provided by restoration are comparable
to the lost services. Specifically, HEA assumes that VR equals VL, which simplifies
equation [1] as follows.
t1

a ∑ Lt (1 + i )

( P −t )

s1

∑ R (1 + i )

=

t =t 0

( P−s )

s = s0

[2]

s

Thus, the value terms cancel out, avoiding explicit economic valuation while continuing
to satisfy the fundamental criterion.
If a constant level of replacement services, R, is provided through time, then
equation [2] can be modified to allow for the unique solution of the restoration
requirement.
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Replacement services are often quantified by geographic area (e.g., acres of habitat or
miles of river). Given that metric, varying levels of effective service provision can be
accommodated by assigning varying proportional weights, Qs, to a constant land area, R,
through time. For example, such weights could reflect the increasing efficacy of
restoration as planted vegetation grows or is succeeded by the intended climax
community. These weights are sometimes referred to as relative productivity.
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Relative productivity (proportional equivalence of the net
ecological services provided in time period s by restoration relative
to the baseline productivity of the injured habitat)

Equation [3] is used to determine the scale of offsetting restoration when both lost
services and replacement services occur over finite time horizons. Modifications of that
equation include situations where some level of lost services continues into perpetuity
and where restoration provides some level of replacement services into perpetuity. These
modifications are incorporated below.
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t1

=

Time period when a constant level of lost services is achieved

Lt1

=

Constant level of lost services continuing from time period t1 into
perpetuity

s1

=

Time period when restoration achieves a constant level of
replacement services

Qs1

=

Constant level of relative productivity continuing from time period
s1 into perpetuity

All other variables are as defined for equation [3] above.
This HEA uses equation [4] to calculate the consequences of the potential risks
associated with biological invasions. That is, the adverse effects of a successful biological
invasion are assumed to continue into perpetuity, and the offsetting effects of restoration
are assumed to continue into perpetuity as well.

Section 5, Biota Transfer Report, Consequence Analysis

10

5.3 Habitat Equivalency Analysis: Model Estimation
This habitat equivalency analysis addresses two distinct but related water bodies
that could be affected by a potential biological invasion: the Red River and Lake
Winnipeg. For purposes of this analysis, the Red River habitat is defined as the 455.4
river-miles from the I-94 bridge in Fargo, North Dakota, to the southern shore of Lake
Winnipeg (US Army Corps of Engineers 2004). The Lake Winnipeg habitat is defined as
its 5,868,625 acres (23,750 square kilometers) of surface area (Manitoba Water
Stewardship 2004). The consequences of risk are estimated separately for these two
habitats.
Critical factors in this analysis include the method and rate of the dispersal of
biological invaders. Two potential dispersal methods are considered: progressive and
jump. The progressive dispersal method assumes a linear, geographically incremental
advancement of a biological invasion. In this analysis, a progressive dispersal in the Red
River is assumed to begin at the I-94 bridge and to progress incrementally northward
toward the southern shore of Lake Winnipeg at a constant rate of advancement. In Lake
Winnipeg, a progressive dispersal is similarly assumed to begin at its southern shore and
to progress incrementally northward toward its northern shore at a constant rate.
The jump dispersal method is represented in this analysis by an instantaneous
introduction of a biological invader into Lake Winnipeg. In this scenario, a progressive
invasion of Lake Winnipeg is assumed to begin at its southern shore at the same time that
a progressive invasion of the Red River begins at the I-94 bridge. Once these two
invasions begin, they are assumed to progress incrementally northward to the northern
extents of their respective habitats at a constant rate.
It should be recognized that the quantitative results of this analysis are
significantly influenced by the particular assumptions adopted here regarding dispersal
methods. For example, this analysis assumes that given a jump dispersal event, the
introduction of a biological invader will occur at the southern shore of Lake Winnipeg,
and that a progressive dispersion will subsequently proceed northward toward its
northern shore. Alternatively, it could have been assumed that the introduction would
occur at the middle of Lake Winnipeg with subsequent progressive dispersions both north
and south. That assumption would yield higher-risk consequences as quantified by the
HEA model.
The number of permutations of possible dispersal scenarios is large given the
large geographic extent of the habitats considered in this analysis. The particular
assumptions adopted here were chosen to illustrate risk consequences under two broad
categories of dispersal methods, not to provide an exhaustive analysis of all potential
events. This analytic approach was chosen to efficiently yield qualitative results that
clearly communicate the nature of the risk consequences resulting from interbasin water
transfers between the Upper Missouri River and Red River basins.
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The rates of advancement of a biological invasion are assumed to range between
2.5 and 25 kilometers, or between 1.55 and 15.5 miles, per year. 10 Accordingly, a slow
invasion would traverse the Red River in 294 years (455.5 river-miles divided by 1.55
miles per year). Lake Winnipeg extends 271 miles (436 kilometers) from its southern
shore to its northern shore (Manitoba Water Stewardship 2004). Given that extent, a slow
invasion would require 175 years, on average, to traverse the lake (271 miles divided by
1.55 miles per year). Alternatively, a fast invasion would require 29 years to traverse the
Red River (455.5 river-miles divided by 15.5 miles per year), and 17 years to traverse
Lake Winnipeg (271 miles divided by 15.5 miles per year). After these habitats have been
traversed by biological invasions, the resulting ecological service losses are assumed to
continue into perpetuity.
Assumptions must also be made regarding the nature of offsetting restoration.
Offsetting restoration provides certain levels of ecological services to replace uncertain
losses of similar services. That is, this HEA quantifies the consequences of risk as the
quantity of a certain provision of restoration that is required to offset an uncertain risk of
successful biological invasion. Offsetting restoration is quantified in the same terms that
are used to quantify habitat losses: river-miles for the Red River and acres for Lake
Winnipeg.
This analysis assumes that offsetting restoration begins five years after the onset
of successful invasion, and requires 20 years to become fully functional. These
assumptions are made to allow sufficient time for planning, implementation, and midcourse corrections under adaptive management. Once offsetting restoration becomes fully
functional, it is assumed to provide replacement ecological services that are equivalent to
those potentially lost from biological invasion. Further, these replacement services are
assumed to continue into perpetuity.
As with the assumptions made regarding dispersal methods, alternative
assumptions for offsetting restoration will also yield different quantitative results. For
example, specifically designed restoration measures for different invasive organisms
would likely have different timing requirements and different success levels. However, at
its most basic level, this analysis quantifies risk consequences for a single representative
organism. Consistent with that approach, this HEA incorporates a single representative
description of offsetting restoration. This approach was considered the best way to
determine useful qualitative results without an exhaustive description of applicable
restoration methods.
Finally, an appropriate discount rate must be selected in order to meaningfully
aggregate ecological services over time (the parameter i in the model specification). A 3percent annual discount rate was selected for this analysis. The economics literature
supports an annual 3% discount rate for natural resource valuation (e.g., Freeman 1993).
Two federal rule-makings also support an annual 3% discount rate for lost natural

10

See, for example, Pearce and Smith (2002; 2003), Skalski and Gilliam (2000), and Speirs and Gurney
(2001).
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resource use valuation 11 . Also see Peacock (1995) for a discussion of the theory and
estimation of the discount rate.
The economics literature has recently addressed whether the discount rate used to
analyze long-term projects should be adjusted to account for intergenerational equity
concerns (e.g., Portney and Weyant 1999). Since the ecological service losses and
replacements analyzed here occur over periods approaching 300 years, and into
perpetuity, intergenerational equity is certainly a consideration. However, the literature is
not conclusive as to whether such adjustments are appropriate. For example, Weitzman
(1999) recommends applying a declining discount rate over time, while Arrow (1999)
recommends using a positive and constant discount rate, even in the face of irreversible
changes. In light of this unsettled controversy and the previous references cited, a
constant 3% annual discount rate was selected as appropriate for this analysis.
The HEA was calculated for a single representative invasive organism given the
progressive and jump dispersal methods and the slow and fast dispersal rates described
above for the five different risk categories considered (very low, low, moderate, high, and
very high risk). The results of those HEA calculations are presented in Table 1. Detailed
HEA calculations are presented in Appendix 15.
Probabilistic outcomes from the risk characterization were incorporated in Table 1
by calculating the average of the HEA results for the different risk categories weighted by
their respective percentage outcomes (Figure 1 in Section 4). These weighted averages
were then aggregated to the 31 species of concern according certain assumptions
regarding the number of jump dispersal events that might occur.
The number of expected jump dispersal events was not addressed in the foregoing
analysis of risk. Therefore, the following three dispersal scenarios were assumed in order
to estimate a range of potential risk consequences for the 31 species of concern.
•

•

11

0 Jump - 31 Progressive: There are no jump dispersal events in this scenario. All
31 species of concern are assumed to begin their invasions at the I-94 bridge on
the Red River, progress incrementally to the southern shore of Lake Winnipeg,
and then progress incrementally to the northern shore of the lake. That is, the
potential invasions of Lake Winnipeg by all 31 species of concern are assumed to
begin only after their progressive invasions of the Red River have been
completed. This dispersal scenario yields the lowest levels of risk consequences in
present value terms since it has the longest time horizon for any potential
biological invasion to traverse the Red River and Lake Winnipeg.
1 Jump - 30 Progressive: There is one jump dispersal event in this scenario. One
species of concern is assumed to begin its progressive invasion of Lake Winnipeg
at the same time that it begins its progressive invasion of the Red River.

See the January 5, 1996, Federal Register notice (61 FR 453) for damage assessments conducted under
the Oil Pollution Act and the May 7, 1996, Federal Register notice (61 FR 20584) for damage assessments
conducted under the Comprehensive Environmental Response, Compensation, and Liability Act.
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10 Jump - 21 Progressive: There are ten jump dispersal events in this scenario.
Ten species of concern are assumed to begin their progressive invasions of Lake
Winnipeg at the same time that they begin their progressive invasions of the Red
River. This dispersal scenario yields the highest levels of risk consequences (in
present value terms) since it assumes the greatest number of species that jump to
Lake Winnipeg.

Table 1
Offsetting Restoration for a Single Representative Invasive Organism
Red River from Fargo to Lake Winnipeg - Progressive Dispersal

Risk Category
Very Low
Low
Moderate
High
Very High
Weighted Average

Probability of
Successful
Invasion
1.00E-09
1.00E-06
1.00E-03
1.00E-02
1.00E+00

Percent
Outcomes
87.0
7.6
3.7
1.7
0.0

----Offsetting Restoration---Slow
Fast
Invasion
Invasion
(River-Miles) (River-Miles)
0.0000000805 0.000000470
0.0000805
0.000470
0.0805
0.470
0.805
4.70
80.5
470
0.02
0.10

Lake Winnipeg – Jump Dispersal

Risk Category
Very Low
Low
Moderate
High
Very High
Weighted Average

Probability of
Successful
Invasion
1.00E-09
1.00E-06
1.00E-03
1.00E-02
1.00E+00

Percent
Outcomes
87.0
7.6
3.7
1.7
0.0

----Offsetting Restoration---Slow
Fast
Invasion
Invasion
(Acres)
(Acres)
0.00173
0.00708
1.73
7.08
1,730
7,080
17,300
70,800
1,730,000
7,080,000
358.24
1,466.10

Lake Winnipeg - Progressive Dispersal

Risk Category
Very Low
Low
Moderate
High
Very High
Weighted Average

Probability of
Successful
Invasion
1.00E-09
1.00E-06
1.00E-03
1.00E-02
1.00E+00

Percent
Outcomes
87.0
7.6
3.7
1.7
0.0

----Offsetting Restoration---Slow
Fast
Invasion
Invasion
(Acres)
(Acres)
0.000000291
0.00301
0.000291
3.01
0.291
3,010
2.91
30,100
291
3,010,000
0.06
623.30
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The aggregations to the 31 species of concern are presented in Table 2. These
aggregations simply combine multiples of relevant weighted averages of the offsetting
restoration levels for a single representative invasive organism. For example, the
aggregated offsetting restoration for Lake Winnipeg given a slow invasion and the 1
Jump - 30 Progressive dispersal scenario (360 acres in Table 2) was obtained by taking 1
times the offsetting restoration for a single representative invasive organism given a slow
invasion and a jump dispersal (358.24 acres in Table 1) plus 30 times the offsetting
restoration for a single representative invasive organism given a slow invasion and a
progressive dispersal (0.06 acre in Table 1).
The results presented in Table 2 indicate potentially significant consequences for
Lake Winnipeg and generally much lower consequences for the Red River. For example,
measured widths of the Red River at Fargo during 2004 range from 55 to 180 feet (US
Geological Survey 2005). Using the mid point of that range as an average width (117.5
feet) indicates 8.5 acres of offsetting restoration in the Red River given a slow invasion
and 44 acres of offsetting restoration given a fast invasion.

Table 2
Offsetting Restoration for 31 Biota of Concern

Dispersal Scenario

------Offsetting Restoration*-----Red River
Lake Winnipeg
(River-Miles)
(Acres)
Slow Invasion

0 Jump - 31 Progressive
1 Jump - 30 Progressive
10 Jump - 21 Progressive

0.6
0.6
0.6

1.9
360.0
3,583.7

Fast Invasion
0 Jump - 31 Progressive
1 Jump - 30 Progressive
10 Jump - 21 Progressive

3.1
3.1
3.1

19,322.3
20,165.1
27,750.3

*Multiples of the weighted averages of the respective offsetting restoration levels
for a single representative invasive organism (Table 1), combined according to the
dispersal scenarios.

The indicated offsetting restoration levels for Lake Winnipeg are lower than those
for the Red River only given a slow invasion with no jump dispersal events, the most
conservative invasion scenario considered. Indicated offsetting restoration levels for Lake
Winnipeg in all other invasion scenarios exceed those for the Red River by two or three
orders of magnitude. These results suggest that the majority of the potential consequences
from risks of biological invasion would likely occur in Lake Winnipeg.
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This analysis indicates potentially significant consequences for Lake Winnipeg.
However, the HEA method relies on an assumption that offsetting restoration is both
feasible and available for implementation. Recognizing the possibility that appropriate
restoration measures may not be feasible or available, a second economic approach,
regional economic impact analysis, was used to describe potential consequences for Lake
Winnipeg commercial fishing in terms of the impacts of risk on the economy (output or
sales revenue and employment). Regional economic impact analysis does not assume the
feasibility or availability of appropriate restoration measures. That analysis is described
next.

5.4 Regional Economic Impact Analysis of Lake
Winnipeg Commercial Fishing
Lake Winnipeg supports the largest commercial fishery in Manitoba, contributing
41% of total production and 58% of total landed value in the province (Manitoba
Conservation 2003). From 1992 through 2002, the average landed value from the lake
was $14,838,754 per year (Canadian 2003 $) and an average of 1,013 fishermen were
employed in the fishery (ibid.). Commercial fishing is permitted at Lake Winnipeg only
during specific seasons of the year (summer open water, fall open water, and winter).
The regional economic impacts of this fishery include both direct and indirect
impacts. The direct impacts are the initial sales of the commercial fishing industry (an
average of $14,838,754 per year). The indirect impacts arise as these initial sales
reverberate through the economy from the purchase of necessary inputs from other
industries (e.g., labor, fuel, and tackle). 12 While the direct impacts occur within
Manitoba, the indirect impacts can occur throughout the entire Canadian economy.
Therefore, this analysis calculates the direct and indirect impacts of the Lake Winnipeg
commercial fishery for all Canadian provinces.
The direct and indirect impacts estimated in this analysis are for sales revenue
(also called output) and employment. These impacts were calculated using data
purchased from Statistics Canada specifically for this analysis. These data, called
multipliers, were determined by Statistics Canada through economic modeling and relate
the output and employment impacts to the initial sales of the commercial fishing industry.
Statistics Canada did not have multipliers available specifically for the commercial
fishing industry in Manitoba, but did have multipliers for the broader “fishing, hunting,
and trapping” industry for that province. Therefore, this analysis relies on the fishing,
hunting, and trapping multipliers provided by Statistics Canada.
For consistency, the same biological invasion scenarios that were used in the
HEA were also used in the regional economic impact analysis. For Lake Winnipeg, the
12

Regional economic impacts can also include induced impacts, which refer to the increased economic
activity arising from household spending from income earned in either the directly affected or supporting
industries. However, induced impacts were not quantified in this analysis due to data limitations.
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relevant scenarios are defined by whether or not a jump dispersal event occurs. If a jump
dispersal event occurs, a progressive invasion of Lake Winnipeg is assumed to begin at
its southern shore at the same time that a progressive invasion of the Red River begins. If
a jump dispersal event does not occur, the progressive invasion of Lake Winnipeg is
assumed to begin only after the biological invasion has traversed the Red River.
The same slow and fast invasion rates used in the HEA were also used in the
regional economic impact analysis. Therefore, a slow invasion would take 175 years to
traverse Lake Winnipeg, and a fast invasion would take 17 years. Both the slow and fast
invasions of Lake Winnipeg are assumed to begin immediately given a jump dispersal
event. If a jump dispersal event does not occur, a slow invasion of Lake Winnipeg would
begin after the 294 years it would take to traverse the Red River, and a fast invasion of
Lake Winnipeg would begin after 29 years. See section 5.3 for an explanation of these
invasion rates.
Once an invasion of Lake Winnipeg by any of the 31 species of concern begins, it
is assumed to incrementally displace all commercial fishing at a constant rate. For
example, a fast invasion is assumed to displace the entire commercial fishery in 17 years.
This conservative approach recognizes the possibility that a single invasive organism
might displace the entire fishery, and thereby sets an upper bound on the estimate of
consequences for any invasion scenario considered.
Finally, since a potential displacement of the Lake Winnipeg commercial fishery
would occur over a number of years, impacts occurring in the future are discounted to the
present time so they can be added up in a meaningful way. This discounting applies to the
output impacts since they are expressed in monetary terms. However, the employment
impacts, which are expressed in terms of full-time equivalent jobs, are not discounted.
For consistency, the same discount rate used in the HEA (3% per year) was used in the
regional economic impact analysis as well.
The potential direct and indirect output (sales revenue) impacts for all Canadian
provinces given a jump dispersal event are reported in Table 3. Biological invasion
scenarios involving a jump dispersal event will produce larger impacts than other
scenarios since they are assumed to begin immediately (i.e., the effects of discounting are
minimized). These impacts were first calculated separately for each risk category (very
low, low, moderate, high, and very high). The probabilistic outcomes described in the
risk characterization were then incorporated by calculating the average of these separate
impact calculations for the different risk categories weighted by their respective
percentage outcomes (Figure 1 in Section 4).
Given a jump dispersal event, the average total expected present value of the
direct and indirect output impacts for all Canadian provinces ranges between $33,000 and
$136,000, depending on whether the biological invasion is slow or fast. It is important to
note that these impacts are expected values. Similar to the lost services included in the
HEA, the economic impacts for each risk category reflect the associated probabilities of
successful invasion (e.g., 1.00E-03 for the moderate risk category). The indicated

Section 5, Biota Transfer Report, Consequence Analysis

17

magnitudes of these average impacts ($33,000 to $136,000) also reflect a strong
weighting toward the very low-risk category since that category accounts for 87% of all
risk outcomes. The calculations for the results reported in Table 3 are detailed in
Appendix 16. Impacts for progressive dispersal scenarios are significantly smaller and are
not reported here.

Table 3
Expected Direct and Indirect Output Impacts
for All Canadian Provinces Given a Jump Dispersal Event
Total Expected Present
Value of Direct and
Indirect Output Impacts
-------(Canadian 2003 $)-------

Risk Category
Very Low
Low
Moderate
High
Very High
Weighted Average

Probability of
Successful
Invasion
1.00E-09
1.00E-06
1.00E-03
1.00E-02
1.00E+00

Percent
Outcomes
87.0
7.6
3.7
1.7
0.0

Slow
Invasion
$0.160
$160
$160,000
$1,600,000
$160,000,000
$33,000

Fast
Invasion
$0.655
$655
$655,000
$6,550,000
$655,000,000
$136,000

The expected direct and indirect employment impacts for all Canadian provinces
given a fast invasion and jump dispersal event are illustrated in Figure 1 for a single
representative invasive organism in the very high risk category. These impacts are
expressed as full-time equivalent jobs and are not discounted to the present time. After
the biological invasion has traversed Lake Winnipeg and the commercial fishery has been
completely displaced, an expected loss of 331 FTE in all Canadian provinces is indicated
by this analysis for the very high-risk category. This number is less than the actual
employment of 1,013 fishermen in the Lake Winnipeg commercial fishery because it is
expressed in terms of full-time equivalent jobs. Actual employment in this fishery is
seasonal; therefore, the associated number of full-time equivalent jobs will be less.
The expected direct and indirect employment impacts for the other risk categories
are significantly less: three FTE for the high risk category and zero FTE for all other risk
categories. When weighted by the associated percent of outcomes in the risk
characterization (e.g., 87% in the very low-risk category), the average direct and indirect
employment impacts over all risk categories is zero FTE. That result holds regardless of
the invasion scenario considered.
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Figure 1. Direct and indirect employment impacts for all Canadian provinces
given a fast invasion, jump dispersal event, and very high risk.

5.5 Conclusions
This analysis estimated the potential consequences associated with interbasin
water transfers between the Upper Missouri River and Red River basins. Two economic
approaches were used to estimate these consequences. Habitat equivalency analysis was
used to estimate consequences throughout the assessment area including the Red River
and Lake Winnipeg. That analysis indicated risk consequences ranging from 0.6 to 3.1
river-miles of offsetting restoration on the Red River and from 1.9 to 27,750 acres of
offsetting restoration on Lake Winnipeg. While those results suggest potentially
significant consequences for Lake Winnipeg, their interpretation depends on the
feasibility and availability of appropriate restoration measures. Since the feasibility and
availability of those restoration measures is not clear at this time, a second economic
approach was used to focus the consequence analysis on Lake Winnipeg.
Regional economic impact analysis was used to estimate the impacts on output
(sales revenue) and employment in the Lake Winnipeg commercial fishery. The invasion
scenarios with the largest consequences (slow and fast invasions given a jump dispersal
event) indicated a total expected present value between $33,000 and $136,000 in direct
and indirect output impacts for all Canadian provinces. All other invasion scenarios
indicated smaller output impacts. Expected employment impacts in the very high risk
category (i.e., certainty) reach 331 full-time equivalent jobs. The average expected
employment impacts weighted by the percent outcomes of respective risk categories is
zero FTE for all invasion scenarios.

Section 5, Biota Transfer Report, Consequence Analysis

19

Given the quantitative results from the habitat equivalency analysis and the
regional economic impact analysis, the following three conclusions can be drawn. First,
the overall results are sensitive to the distribution of probabilistic outcomes from the risk
characterization. From Tables 5-1 and 5-3, it can be seen that the indicated consequence
levels for the individual risk categories vary substantially. That variance reflects the
different probabilities of successful invasion. A different distribution of probabilistic
outcomes would change the weighted averages of the consequence levels. Therefore, this
consequence analysis is sensitive to the results of the risk analysis. In this particular case,
the weighted average consequences are heavily weighted toward the lowest-risk category
(87% of outcomes in the very low-risk category). A distribution more heavily weighted
toward the higher-risk categories would yield substantially higher-weighted averages of
consequences.
The second conclusion of this consequence analysis is that the speed of invasion
significantly affects the quantitative results. Tables 5-1 and 5-2 indicate as many as four
orders of magnitude difference in offsetting restoration levels between the two invasions
speeds assumed in this analysis, and Table 3 indicates one order of magnitude difference
in output impacts. A much more detailed analysis would match individually estimated
invasion speeds to respective organisms and then aggregate the indicated consequence
levels over the species of concern. However, the information regarding species-specific
invasion speeds was not available to conduct that level of analysis. Therefore, this
analysis indicates not only the significance of this analytic factor but also the need for
additional research in this area.
Finally, this consequence analysis concludes that the anticipated distribution of
the method and number of dispersal events substantially affects the quantitative results.
This analysis considered only a limited set of potential dispersal scenarios. No
information was available to inform the distribution of these scenarios to include in the
analysis. However, the limited number of potential dispersal scenarios analyzed here
indicated as many as four orders of magnitude difference in offsetting restoration levels
between them. Similar to the conclusion regarding the speed of biotic invasion, this
analysis indicates a significant analytic factor and a need for further research.
The questions raised about invasion speeds and the distribution of dispersal events
are biological/ecological in nature and must be answered through additional
biological/ecological research. However, additional economic research would also
improve the estimates of risk consequences. For example, primary research and original
economic modeling could be conducted to more accurately estimate the regional
economic impacts associated with the Lake Winnipeg commercial fishery. Impact
multipliers specifically for the commercial fishing industry in Manitoba were not
available for the present analysis. Therefore, research to estimate those multipliers would
improve the estimates of risk consequences.
Additional economic research could also be conducted to estimate other
consequences than those related to commercial fishing. For example, biological invasions
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could potentially impact the recreational fishing industry of Lake Winnipeg. Similar to
commercial fishing, recreational fishing generates economic activity in Manitoba and
throughout the Canadian economy. In addition to estimating the regional economic
impacts on the recreational fishing industry, additional research could be conducted to
estimate potential losses of net economic value to recreational anglers. That research
would likely require public surveys and original economic modeling.13
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