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FISH-RELATED RISKS AND UNCERTAINTIES

This memorandum presents recently published research that shows warmer climates will drive
salmon, steelhead, trout, and other cold-water fishes to extinction across much of Oregon and
other western states by the end of this century if current trends in greenhouse-gas emissions
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managing resources in Western Oregon. The appendix details some of the factors underlying
this obligation, which include:
•
•

•

You must provide a detailed EIS "to the fullest extent possible" (42 U.S.C. 4332).
To satisfy this requirement, the BLM’s Final RMP/EIS must fully consider the significant
risks and uncertainties associated with the agency’s proposed actions
(40C.F.R.§1502.22(a)(2011)).
Applicable professional standards obligate the BLM to present a transparent
characterization of important uncertainties, a clear statement of the judgments and
decisions it made regarding these uncertainties, and a full explanation of the
implications of choices embedded in its proposed actions.1

1 U.S. Environmental Protection Agency, Office of Policy, National Center for Environmental Economics. 2014.
Guidelines for Preparing Economic Analyses.

•

Any recommendation for Federal investments in water resources to address identified
water resources needs must be justified by the public benefits when compared to costs.2

The obligation comes into play in response to recently published research findings that project a
dramatic risk of extinction for salmon, trout, and cold-water fish in Oregon and other western
states by 2100, unless actions are taken now and in future years to reduce emissions of carbon
dioxide and other greenhouse gases (Figure 1).3 Without these actions, rising stream
temperatures and changes in stream flow likely will transform many habitats that are currently
suitable for salmon and trout into areas suitable only for warm-water species, such as bass and
bullheads. The dramatic shift from areas colored blue (Figure 1a) to red (Figure 1b) highlights
the risks.
Figure 1. Distribution of cold-water and warm-water fish, current and 2100
a. Without climate change

b. With unmitigated climate change

Source: EPA (2105). The blue areas represent watersheds that currently support salmon, steelhead, and other cold-water fish and
are projected to do so in 2100. Watersheds colored red support cold-water fish but would not do so in 2011. Yellow watersheds
would support warm-water fish, such as bass, throughout the century. Brown watersheds would transition from supporting warmwater fish to rough fish, such as carp by 2100.

2 Council on Environmental Quality. 2013. Principles and Requirements for Federal Investments in Water Resources.
March.
3 United States Environmental Protection Agency, Office of Atmospheric Programs. 2015. Climate change in the United
States: benefits of global action. 430-R-15-001. pp. 70-71. http://www2.epa.gov/sites/production/files/201506/documents/cirareport.pdf.
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More specifically, the research underlying these maps highlights the linkage between GHG
emissions and extinction of cold-water fish. If current trends in GHG emissions remain
unchanged, the resulting climate warming will, by itself, be enough to cause widespread
extinction of cold-water fish throughout Oregon and other western states. In some locations,
extinctions may follow directly from higher water temperatures resulting from climate
warming. In others, climate warming may cause extinctions of cold-water fish indirectly, by
encouraging competitive pressures from warm-water fish or by stimulating the development
and transmission of diseases, for example.
The underlying research also indicates that warming will cause extinction of some cold-water
fish much earlier than 2100, as shown in Figure 1. The maps reflect extinction expectations for
brown trout, which can tolerate rising water temperatures better than salmon, steelhead, and
other cold-water fish. The maps also treat large watersheds as single units, and show them
losing cold-water fish only when extinction occurs across the watershed. Before then, however,
extinction likely will occur in sub-watersheds. Indeed, a summary of recent research found that
climate change is already pushing some salmon populations in that direction:4
“In conclusion, new literature generally supports previous concerns that climate change will
cause moderate to severe declines in salmon, especially when interacting factors are
incorporated into the analysis (e.g., existing threats to populations, water diversion,
accelerated mobilization of contaminants, hypoxia, and invasive species). Many populations
are already heat stressed in either their tributary habitats or migration corridors.”
The BLM will increase the climate-related risk of extinction for cold-water fish if it selects a
resource-management alternative that will increase GHG emissions above the lowest possible
level. It also will increase the risk of extinction if it selects any alternative that provides less than
the maximum possible level of protection for existing habitat for cold-water fish and restoration
of degraded habitat.
The BLM must account fully for the climate-related and other risks to cold-water fish in its
definition of alternatives, assessment of the alternatives, decision-making, and reporting.
Satisfying this obligation will require taking at least these steps:
1. Identify and fully describe the fish-related risks and uncertainties that will interact
with or be influenced by your proposed actions. The description should address the
full set of risks and uncertainties associated with the impacts of your proposed actions
on cold-water fish. Thus, it should consider not just the proposed actions’ direct impacts
on fish populations that will materialize, e.g., from their effects on runoff and streamside
shade, but also the indirect impacts that will materialize through their effects on climate
change.
2. Define an alternative that will yield the lowest possible risk for cold-water fish. This
alternative should exhibit the lowest possible level of GHG emissions and the highest
possible direct protection and restoration of habitat for cold-water fish.
3. Describe fully the extent to which your proposed actions will either increase GHG
emissions and, hence, contribute to the projected risk of extinction of cold-water fish,
4 Crozier, Lisa. 2014. “Impacts of climate change on Columbia River salmon: a review of literature published in2013.”
National Oceanic and Atmospheric Administration. August. http://www.nwfsc.noaa.gov/assets/4/8153_09302014_
105020_Crozier-Lit-Rev-Climate-Change-BIOP-2013.pdf
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or decrease emissions and diminish the projected risk. Specifically, the Final RMP/EIS
should clearly state whether the proposed actions, through their impacts on atmospheric
GHG concentrations, will increase or decrease the risk that cold-water fish will
disappear throughout most of Oregon and other western states.
4. Describe fully the extent to which the proposed actions will affect the risk of
extinction for cold-water fish by protecting and restoring their habitat. Specifically, the
Final RMP/EIS should clearly state whether the proposed actions, through their direct
and climate-related impacts on runoff, streamside shade, and other elements of coldwater-fish habitat, will increase or decrease the risk that cold-water fish will disappear
throughout most of Oregon and other western states.
5. Describe fully the extent to which the proposed actions’ overall impacts on cold-water
fish populations. Specifically, the Final RMP/EIS should clearly state whether the
proposed actions will increase or decrease the risk that cold-water fish will decline, or
even become extinct, in parts of Oregon and other western states.
6. Describe the socioeconomic importance of the impacts of the proposed actions on the
risk of extinction for cold-water fish. Specifically, the Final RMP/EIS should account
for the impact of the proposed actions on the risk of extinction for cold-water fish when
it describes the benefits and costs of timber production. The Draft RMP/EIS measured
the benefits of timber production using logs’ anticipated market price. Recognizing that
there is no comparable market price for measuring the economic costs that would result
from the increase in atmospheric carbon dioxide that would accompany logging, it used
estimates of the costs developed by the Department of Interior and other federal
agencies.5 These agencies have estimated the value of the economic harm that would be
avoided (generated) per metric ton of carbon dioxide stored away from (emitted into)
the atmosphere. For carbon stored away from the atmosphere in 2020, the core estimate
is $47 (2014 dollars), and the value increases for subsequent years.6
The Draft RMP/EIS showed that a decision to choose Alternative B, with higher timber
production and carbon dioxide emissions, rather than Alternative D, the climate-related
costs would outweigh the timber benefits by more than 2-to-1. In my earlier
memorandums, I directed you to more recent research that indicates the actual costs
would be at least six times larger, 7 or even 100 times larger.8 None of these estimates,
though, reflects the socioeconomic costs associated with the expected losses of
freshwater fish indicated by Figure 1. Hence, to satisfy your obligation to provide a full,
unbiased comparison of the climate-related costs with the timber-related benefits of your
proposed actions, you must fill this gap and explicitly describe the risks that timber
production will impose on cold-water fish in Oregon and other western states.
As you describe impacts of the proposed actions on the risks to cold-water fish, it is
important that you incorporate, but also look beyond, the commonly used descriptors of
the fishes’ socioeconomic importance. These descriptors include estimates of the
5 Interagency Working Group on the Social Cost of Carbon. 2015. Technical Update of the Social Cost of Carbon for
Regulatory Impact Analysis – Under Executive Order 12866. July (Revised).
https://www.whitehouse.gov/sites/default/files/omb/inforeg/scc-tsd-final-july-2015.pdf.
6 U.S. Environmental Protection Agency. 2015. ”EPA Fact Sheet: Social Cost of Carbon.”
http://www.epa.gov/climatechange/Downloads/EPAactivities/social-cost-carbon.pdf.
7 Moore, Frances, C., and Delavane B. Diaz. 2015. “Temperature Impacts on Economic Growth Warrant Stringent
Mitigation Policy.” Nature Climate Change. 12 January.
8 Burke, Marshall, Solomon Hsiang, and Edward Miguel. 2015. “Global non-linear effect of temperature on economic
production.” Nature. http://www.nature.com/nature/journal/vaop/ncurrent/full/nature15725.html.
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recreational and commercial values associated with cold-water fish. In Oregon, alone,
for example, anglers spent about $270 million in 2008,9 and the ex-vessel value of the
2012 harvest by the state’s commercial salmon fishery as more than $7 million.10 Existing
descriptors also include estimates of households’ willingness to pay to sustain benefits
they derive from cold-water fish. Some studies indicate, for example, a willingness to
pay $81 (2006 dollars) per household per year for salmon and steelhead.11 For Oregon’s
approximately 1.6 million households, alone, this indicator of the economic importance
of salmon and steelhead totals $130 million (2006 dollars) per year. Increased logging on
the O&C lands will increase the risk that Oregonians will lose the good things they
derive from salmon and steelhead populations.
These numbers, and their analogues for other fish species and other states, do not
however, capture all the benefits derived from sustained fish populations. This
conclusion is consistent with, but extends beyond, the general findings of a review of the
economic value of ecosystem services:12
“There is a much greater danger of underestimating the value of ecosystem goods
and services than over-estimating their value. Under-estimation stems primarily
from the failure to include in the value estimates all of the affected goods and
services and/or all of the sources of value, or from use of a valuation method that
provides only a lower bound estimate of value. In many cases, this reflects the
limitations of the available valuation methods.” [bold emphasis in original]
Notably, existing estimates of the values that will be threatened by increased logging
and carbon dioxide emissions do not capture all the cultural, social, and spiritual values
Native Americans and other groups place on cold-water fish, fishing, and fish habitat.13
They also do not capture the strong desire, by most Oregonians and other Americans, to
avoid the extinction of species—especially iconic species, such as salmon. This desire
often stems from judgments that see actions that increase the risk of foreseeable
extinction of species as morally repugnant.14 This repugnance reflects the common
concept of sustainability: that we should manage our resources in a manner that does
not compromise the ability of future generations to meet their own needs.
These values are difficult to measure quantitatively. This difficulty, however, offers no
excuse for not doing your best to describe them as fully as possible, in qualitative as well
9 Dean Runyan Associates. 2009. Fishing, hunting, wildlife viewing, and shellfishing in Oregon, 2008. Oregon Department
of Fish and Wildlife and Travel Oregon. http://www.dfw.state.or.us/agency/docs/Report_5_6_09--Final%20(2).pdf.
10 Oregon Department of Fish and Wildlife and Oregon Coastal Zone Management Association. 2014. Oregon
commercial fishing industry in 2013 briefing report.
http://www.dfw.state.or.us/agency/docs/OR_Comm_Fish_Ec_Impacts_Brief_2013.pdf.
11 Richardson, Leslie, and John Loomis. 2009. “The total economic value of threatened, endangered, and rare species:
an undated meta-analysis.” Ecological Economics. xhttp://www.sciencedirect.com/science/article/pii/
S0921800908004771.
12 National Research Council, Committee on Assessing and Valuing the Serices of Aquatic and Related Terrestrial
Ecosystems 2004. Valuing Ecosystem Services Toward Better Environmental Decision-Making.
http://www.nap.edu/catalog/11139/valuing-ecosystem-services-toward-better-environmental-decision-making.
13 See, e.g., Chan, Kai M.A., Terre Satterfield, and Joshua Goldstein. 2011. “Rethinking ecosystem services to better
address and navigate cultural values.” Ecological Economics. 74: 8-18; and Chan, Kai M.A., and others. 2012. “Where
are cultural and social in ecosystem services? BioScience. August. 61(8): 744-757.
14 See, e.g., Hanemann, W.M. 1991. “Willingness to pay and willingness to accept: How much can they differ?.”
American Economic Review June. 81:635–647; Amiran, E.Y., and D.A. Hagen. 2003. “Willingness To Pay and
Willingness To Accept: How Much Can They Differ? Comment.” American Economic Review. March. 93: 458–463; and
Hanemann, W.M.2003. "Willingness To Pay and Willingness To Accept: How Much Can They Differ? Reply ."
American Economic Review. March 93): 464–464.
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as quantitative terms. Instead, you have an obligation to consider and display “Both
qualitative and quantitative information…including monetized and non- monetized
effects,” when you compare and evaluate alternatives for managing resources in
Western Oregon.15
7. Account for the risks to cold-water fish—fully, explicitly, and transparently—in all
decisions. This imperative applies to the BLM’s decisions regarding the definition of
alternatives; in the use of assumptions, data, and analytical methods in the comparison
of alternatives; and in the selection of a preferred alternative. When selecting a preferred
alternative for the management of resources in Western Oregon, the BLM’s decisionmaker must declare that each relevant decision rests on analytical results and projections
that provide an accurate and thorough depiction of the benefits, costs, risks, and
uncertainties of alternative resource-management actions. If the decision-maker selects a
preferred alternative that would increase the risk of extinction for cold-water fish, the
justification for the decision must explicitly describe the increase in risk and state that
the decision-maker does not consider the risk sufficiently important to forgo selection of
the alternative.
I hope you find this information useful. If you have any questions, please let me know.

Environmental Quality Commission. 2013. Principles and Requirements for Federal Investments in Water Resources.
March. p. 12:
15
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Appe ndix: BLM’s obligation to conside r risks and unce rtainty fully
and transpare ntly
Requirements to identify and describe risks and uncertainty come from multiple, overlapping
sources. Some of the requirements are general and come from the National Environmental
Policy Act (NEPA), which sets the stage for defining the analytical standards the BLM must
meet in developing an environmental impact statement (EIS) for the RMP. It states that federal
agencies "to the fullest extent possible" must provide a detailed EIS (42 U.S.C. 4332). In applying
this standard, courts have held that, at a minimum, NEPA imposes on an agency a duty to take
a "hard look at environmental consequences" (Natural Resources Defense Council v. Morton,
458 F.2d 827, 838 (D.C. Cir., 1972)) and a “requirement of a substantial, good faith effort at
studying, analyzing, and expressing the environmental issues in the EIS and the
decisionmaking process” (Natural Resources Defense Council v. Morton, 458 F.2d 827, 838 (D.C.
Cir., 1972)). A sufficient EIS must provide good faith analysis and sufficient information to
allow a firm basis for weighing the risks and benefits of a proposed action (County of Suffolk v.
Secretary of the Interior, 562 F.2d 1368 (2nd Cir. 1977), cert. denied, 434 U.S. 1064 (1978)).
This general framework supports more specific requirements. Some of these are expressed in
supporting regulations. This summary provides an overview:16
“Uncertainty regarding an action’s potential environmental effects does not release agencies from
NEPA’s requirements. On the contrary, uncertainty can actually lead to a significance finding that
requires an EIS, since one factor in determining significance is “[t]he degree to which the possible
effects on the human environment are highly uncertain or involve unique or unknown risks.”17
“More importantly, the CEQ regulations create a framework for analyzing uncertainty. In particular,
where “incomplete information relevant to reasonably foreseeable significant adverse impacts is
essential to a reasoned choice among alternatives and the overall costs of obtaining it are not
exorbitant, the agency shall include the information in the environmental impact statement.”18 An
effect is “reasonably foreseeable” even if the probability of its occurrence is low and its consequences
catastrophic, as long as its occurrence is supported by “credible scientific evidence, is not based on
pure conjecture, and is within the rule of reason.”19

“If it is not possible to obtain the information or the cost of obtaining it is exorbitant, the agency must
include the following in its EIS:

(1) A statement that such information is incomplete or unavailable;
(2) a statement of the relevance of the incomplete or unavailable information to evaluating
reasonably foreseeable significant adverse impacts on the human environment;

16 Squillace, Mark, and Alexander Hood. 2012. “NEPA, Climate Change, and Public Lands Decision Making.”
Environmental Law. 42:469-526. http://law.lclark.edu/live/files/11622-422squillacepdf. p. 479.
17 40C.F.R.§1508.28(2011) §1508.27(b)(5); Nat’l Parks & Conservation Ass’n v. Babbitt, 241 F.3d 722, 731 (9th Cir. 2001)
(“An agency must generally prepare an EIS if the environmental effects of a proposed agency action are highly
uncertain.”).
18 40C.F.R.§1502.22(a)(2011).
19 40C.F.R.§1502.22(a)(2011). § 1502.22(b)(1). Section 1502.22 replaced the “worst-case scenario” requirement, which
provided “that if certain information relevant to the agency’s evaluation of the proposed action is either unavailable
or too costly to obtain, the agency must include in the EIS a ‘worst case analysis and an indication of the probability
or improbability of its occurrence.’” Robertson v. Methow Valley Citizens Council, 490 U.S. 332, 354 (1989) (quoting
40 C.F.R. § 1502.22(b) (1985)). The current section 1502.22 “‘retains the duty to describe the consequences of a remote,
but potentially severe impact, but grounds the duty in evaluation of scientific opinion rather than in the framework
of a conjectural “worst case analysis.”’” Id. at 354–55 (quoting 50 Fed. Reg. 32,234, 32,237 (Aug. 9, 1985)).
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(3) a summary of existing credible scientific evidence which is relevant to evaluating the
reasonably foreseeable significant adverse impacts on the human environment, and
(4) the agency’s evaluation of such impacts based upon theoretical approaches or research
methods generally accepted in the scientific community.20”

The U.S. Environmental Protection Agency also has emphasized the importance of fully
addressing uncertainty in economic analyses of decisions affecting environmental resources:21
“Economic analyses should always strive to be transparent by acknowledging and characterizing
important uncertainties that arise. In addition, economic analyses should clearly state the judgments
and decisions associated with these uncertainties and should identify the implications of these
choices. When assumptions are necessary in order to carry out the analysis, the reasons for those
assumptions must be stated explicitly and clearly.”

Further clarification of the BLM’s requirements to address risks and uncertainty in a
transparent, thorough manner comes from the Principles and Requirements for Federal Investments
in Water Resources, published in March 2013. This document says, in part:
•

•

•

•

•

“Federal investments in water resources should protect and restore the functions of ecosystems
and mitigate any unavoidable damage to these natural systems. Ecosystems are dynamic
complexes of plant, animal, and microorganism communities and the non-living environment
interacting as a system. Ecosystems provide important services to humans both directly and
indirectly, and they also encompass vital intrinsic natural values, such as biodiversity. In order to
protect ecosystems, alternative plans should first seek to avoid any adverse environmental
impact, and when that is not possible, alternatives should minimize environmental impacts.”
“Federal investments in water resources should encourage sustainable economic development.
Alternative solutions for resolving water resources problems should improve the economic wellbeing of the Nation for present and future generations through the sustainable use and
management of water resources ensuring both water supply and water quality. Sustainable in
this context means the creation and maintenance of conditions under which humans and nature
can coexist in the present and into future.”
“Heretofore, Federal investments in water resources have been mostly based on economic
performance assessments which largely focus on maximizing net economic development gains
and typically involve an unduly narrow benefit-cost comparison of the monetized effects. Nonmonetized and unquantified effects are often included in the overall analysis process, but are not
necessarily weighted as heavily or considered key drivers in the final decision making process.
As a result, decision making processes are, at this point in time, unnecessarily biased towards
those economic effects that are generally more easily quantified and monetized. A narrow focus
on monetized or monetizable effects is no longer reflective of our national needs, and from this
point forward, both quantified and unquantified information will form the basis for evaluating
and comparing potential Federal investments in water resources to the Federal Objective. This
more integrated approach will allow decision makers to view a full range of effects of alternative
actions and lead to more socially beneficial investments.”
“It is intended that these Principles and the supporting Requirements and Guidelines be applied
to a broad range of Federal investments that by purpose, either directly or indirectly, affect water
quality or water quantity, including ecosystem restoration or land management activities.”
“Evaluation methods should be designed to ensure that potential Federal investments in water
resources are justified by public benefits, particularly in comparison to costs associated with
those investments.”

40C.F.R.§1502.22(b)(1)–(4)(2011).
U.S. Environmental Protection Agency, Office of Policy, National Center for Environmental Economics. 2014.
Guidelines for Preparing Economic Analyses.
20
21
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•
•

•
•

“When analyzing potential investments in water resources, areas of risk and uncertainty should
be identified, described, and considered.”
“Risks and uncertainties should be identified and described in a manner that is clear and
understandable to the public and decision makers. … The advantages and costs of reducing risk
and uncertainty should be explicitly considered in both the formulating of alternatives, and in the
overall decision making process.”
“Any recommendation for Federal investments in water resources to address identified water
resources needs must be justified by the public benefits when compared to costs.”
“From specification of existing problems and opportunities to the formulation, evaluation and
selection of plans, projected accelerating changes in aquatic systems and sea level resulting from
a changing climate should inform the understanding of water resource needs and how these
needs can be realistically addressed. Analysis of climate change impacts should be informed by
both historical records and models of projected future impacts of an altered climate on water
resources. “
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