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Abstract 

Ecological risk assessments (ERAs) are centered on predicting ecological impacts resulting from 

anthropogenic or natural sources of stress, in order to assist in making informed environmental 

policy decisions.   Within the United States government, ERA procedures are driven by laws, 

regulations, policies, and other governances, and the actions of its decision makers have impact 

on a public services or practice. In addition to limits on federal ERA processes from policy-

directed decisions and outcomes, the distinct mission of a particular agency profoundly influence 

the assessment procedures. Every attempt is made to avoid redundancy in agency 

responsibilities, so the primary duties, scope of work, and foci of assessments for each 

organization are inimitable. Each agency has developed unique frameworks to demonstrate the 

procedure it uses to conduct ecological risk assessments in order to meet the distinctive needs of 

decision-makers serving that entity. This report examines the methodologies of three US 

agencies, the US Department of Commerce National Oceanic and Atmospheric Administration 

National Marine Fisheries Service, the US Environmental Protection Agency, and the US 

Department of Agriculture Natural Resources Conservation Service.  This suite of agencies was 

selected because of its regulatory purview over all landscapes, ecosystems, and industries, as 

well as the prevalence of ERA-based products resulting from mission-critical work.  Aspects of 

each agency’s ERA methodology that are evaluated include the role of stakeholders and risk 

managers in the assessment process, the degree of economic and social influence, the utility and 

universalism of the approach, array of resulting decisions, technical aspects of the framework 

itself, efficiency, and public perception.  The analysis concludes that the frameworks of the three 

agencies are more similar than they are disparate with regard to functionality, flexibility, and 

public involvement in the proceedings.  Opportunities to increase flexibility of the frameworks 

and increase public trust in the processes appear to be the areas that are most in need of attention. 
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Introduction 

Ecological risk assessments (ERAs) are centered on predicting ecological impacts resulting from 

anthropogenic or natural sources of stress, in order to assist in making informed environmental policy decisions.   

Within the United States government, ERA procedures are driven by laws, regulations, policies, and other 

governances, and the actions of its decision makers have impact on a public services or practice.  Nonetheless, 

all ERAs, public- and private- sector, begin with a defined problem, follow with an analysis of the factors 

affecting or influencing the situation, a characterization of the risk, and conclude with options presented to 

decision makers and risk managers for action.  Because policy and regulation guide the business conducted by 

Federal agencies, policy and regulation may also determine the assessment process, stipulate what it should 

include, and constrain the array of possible alternative from which a decision maker may choose (Suter II, 

2006).  The nature and extent of all ERA formulas is typically heavily influenced by needed policy decisions.  

These decisions can be single- or multi- variant in nature, and typically stem from one of three categories: 1) 

those that select from a variety of evaluated options (multivariate), 2) those that choose a response to an existing 

variable, and 3) those that determine the tolerance of a potential variable (Richards and Johnson, 1998).    If the 

ERA does not address the requirements of the decision-maker, the effort of the assessment has essentially been 

wasted.  It is for this reason that mechanisms for completing ERAs must allow for critical communication 

between the assessor and risk manager and decision-maker.   

In addition to limits on federal ERA processes from policy-directed decisions and outcomes, the distinct 

mission of a particular agency profoundly influence the assessment procedures. Every attempt is made to avoid 

redundancy in agency responsibilities, so the primary duties, scope of work, and foci of assessments for each 

organization are inimitable. Divisions within an agency respecting identifiable roles and responsibilities will 

have an impact on the construction of ERA practice, as well.  Factors that further narrow and define federal 

ERA methods include agency-specific policy-driven environmental risk management objectives, 
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organizationally-explicit regulatory constraints, the complexity of a particular assessment site or the behavior of 

a certain potential stressor, and the difficulty in adequately describing exposure and other properties of an 

individual stressor (Pastorok et al., 2001).  Due to the aforementioned requisite specificity of the assessments, 

each agency has developed unique frameworks to describe the procedure it uses to conduct ecological risk 

assessments in order to meet the distinctive needs of decision-makers serving that entity. Example framework 

from both governmental and non-governmental organizations are shown in Figure 1.   

 
Figure 1.  A representation of several ERA frameworks (US Environmental  
Protection Agency (EPA), National Research Council (NRC), Water Environment  
Research Foundation (WERF), and the Canada Council of Ministers of the  
Environment (CCME)) (Campbell and Bartell, 1998) 
 

Especially because federal agencies exist to serve the needs of the public, agency-designed ERAs are 

additionally influenced by economic and socio-cultural factors.  In some instances these pressures are viewed 

by the assessor as peripheral considerations, yet they can also be directly integrated into the formulation of the 

ERA, as seen in Figure 2 with respect to economics.  The incorporation of this kind of analysis is important 

because, despite regulatory action requirements, the expected expenditure entailed with an action is a factor for 

most risk managers and decision makers involved in government scenarios (Suter II et al., 2010).  Furthermore, 

in many public applications an understanding how ecological systems relate to service and consequences for the 
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economy may determine which ecological targets are protected and which should be the focus of attention in a 

risk assessment (Calow, 1998).    

 
Figure 2.  A framework for integrating economic and ecological risk assessment (Suter II, 2006) 

 

Likewise, the objective of an agency ERA can be defined by social factors, and the consequences of 

overlooking these components can have strong implications for the future of an agency.  A major piece of the 

risk assessors’ job is communicating assessment findings with the risk manager and decision-maker, but also 

those who must experience the consequences of the risk manager’s decisions (Beck, 2000). Because 

governmental ERA activity is meant to assist in meeting the needs of and protecting either the public directly or 

commonly-used public resources, acceptance of the assessment results by both stakeholders and the general 

public is an essential target. Public perception of a risk often does not correlate with actual risk, and is most 

often influenced by the education, political allegiance, and the source of information (Kuhn, 2000).  The source 

of information is most typically the entity performing the assessment or publicizing its results, and public 

perception will correlate with its trust or distrust of the entity.  Frewer (2003) found that trust in an institution is 
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the key factor for risk interpretation in the public eye, and that while risk information from a trusted source will 

be internalized by the receiver and contribute to the way that an individual perceives and responsds to a 

particular risk, while risk information from a distrusted source is disregarded as unreliable and self-serving, 

producing the opposite of the intended effect.  Hence, from an agency perspective it is no surprise that Horlick-

Jones et al. (2003) show that the express purpose of institutional involvement of the public in risk assessment 

processes is to increase trust in the results.    

This report examines the ERA methodologies of three US agencies, the US Department of Commerce 

National Oceanic and Atmospheric Administration National Marine Fisheries Service (hereafter NMFS), the 

US Environmental Protection Agency (hereafter EPA), and the US Department of Agriculture Natural 

Resources Conservation Service (hereafter NRCS).  This suite of agencies was selected because of its 

regulatory purview over all landscapes, ecosystems, and industries, as well as the prevalence of ERA-based 

products resulting from mission-critical work.  Aspects of each agency’s ERA methodology that are evaluated 

include the role of stakeholders and risk managers in the assessment process, the degree of economic and social 

influence, the utility and universalism of the approach, array of resulting decisions, technical aspects of the 

framework itself, efficiency, and public perception.   

 

Agency Ecological Risk Assessment Methods 

 In an effort to effectively organize information, Table 1 can be referred to for information related to the 

laws acted on by NMFS, EPA, and NRCS.   

 
US Department of Commerce National Oceanic and Atmospheric Administration National Marine Fisheries  

Service ( NMFS) 
 
     Agency mission, composition, and ERA context 
 
 NMFS’ mission is the “stewardship of living marine resources through science-based conservation and 

management and the promotion of healthy ecosystems” (Levin et al., 2009b).  With a variety of centralized 
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Table  1. Laws governing the missions, structures, and activities of NMFS, EPA, and NRCS. 

NMFS EPA NRCS 

Anadromous Fish Conservation Act (16 USC 757a-
757g; PL 89-304 as amended) 

Atomic Energy Act of 1954 (42 USC 2011 et seq; PL 
83-703) 

Soil Conservation and Domestic Allotment Act of 
1935 (16 USC 590a-f; PL 74-96, as amended) 

Atlantic Coastal Fisheries Cooperative Management 
Act (16 USC 5101-5109; Title VIII of PL 103-206, 
as amended) 

Chemical Safety Information, Site Security and Fuels 
Regulatory Relief Act of 1999 (42 USC 7401 et seq; 
PL 106-40, as amended) 

Flood Control Act of 1944 (16 USC 460d et seq; PL 
78-534, as amended) 

Atlantic Striped Bass Conservation Act (16 USC 
1851 note; PL 98-613, as amended) 

Clean Air Act of 1963 (42 USC 7401; PL 88-206), as 
amended in 1967 (81 Stat. 485, P.L. 90-148), 1970 
(84 Stat. 1676, P.L. 91-604), 1977 (91 Stat. 685, P.L. 
95-95), and 1990 (104 Stat. 2468, P.L. 101-549) 

Watershed Protection and Flood Prevention Act of 
1954 (PL 83-566, as amended; 16 USC 1001-1012) 

Central, Western, and South Pacific Fisheries 
Development Act (16 USC 758e-5; PL 92-444 as 
amended) 

Clean Water Act (Federal Water Pollution Control 
Amendments of 1972; 33 USC 1251; PL 92-500, as 
amended) 

Agriculture and Food Act of 1981 (7 USC 2270; PL 
97-98, as amended) 

Endangered Species Act (16 USC 1532-1543; PL 93-
205, as amended) 

Comprehensive Environmental Response, 
Compensation and Liability Act of 1980 (42 USC 
9601; PL 96-510) 

Farmland Protection Policy Act (7 USC 4201; Title 1 
of PL 97-98 as amended) 

Interjurisdictional Fisheries act of 1986 (16 USC 
4101-4107; PL 99-659, as amended) 

Emergency Planning and Community Right-to-Know 
Act (42 USC 11004-11049; PL 99-499) 

Food Security Act of 1985 (16 USC 3801-3862; PL 
99-198, as amended) 

Magnuson-Stevens Fishery Conservation and 
Management Act (16 USC 1801-1882; PL 94-265, as 
amended) 

Energy Independence and Security Act of 2007 (PL 
110-140) 

Agricultural Credit Act of 1987, Title IV Section 403 
(PL 95-334, as amended) 

Marine Mammal Protection Act of 1972 (16 USC 
1361-1421; PL 103-238, as amended)   Energy Policy Act of 2005 (PL 109-58) Food, Agriculture, Conservation, and Trade Act of 

1990 (7 USC 2279 et seq; PL 101-624, as amended) 

Marine Protection, Research, and Sanctuaries Act, 
Title II (33 USC 1441-1445, Title II of PL 92-532, as 
amended) 

Federal Food, Drug, and Cosmetics Act (21 USC 301 
et seq; PL 75-717) 

Federal Crop Insurance Reform and Department of 
Agriculture Reorganization Act of 1994 (7 USC 
3128d; PL 103-354, as amended) 

National Oceanic and Atmospheric Administration 
Marine Fisheries Program Authorization Act (97 Stat. 
1409; PL 98-210 as amended) 

Federal Insecticide Fungicide and Rodenticide Act (7 
USC 136 et seq; PL 80-104) 

Federal Agriculture Improvement and Reform Act of 
1996 (7 USC- 7201 et seq; PL 104-127, as amended) 

Fisherman's Protective Act of 1967 (22 USC 1971-
1980; PL 90-482) 

Food Quality Protection Act of 1996 (7 USC 136d, as 
amended; PL 104-100; 110 Statute 1489) 

Farm Security and Rural Investment Act of 2002 (7 
USC 7901 et seq; PL 107-171 as amended) 

Driftnet Impact Monitoring Assessment, and Control 
Act of 1987 ( 16 USC 1822 note; Title IV of PL 100-
220, as amended) 

Marine Protection, Research, and Sanctuaries Act (33 
USC 1441-1445, Title II of PL 92-532, as amended) 

Food, Conservation, and Energy Act of 2008 (7 USC 
8701 et seq; PL 110-234) 

Saltonstall-Kennedy Act (15 USC 731c-3; Act of 
July 1, 1954, as amended) 

National Technology Transfer and Advancement Act 
of 1995 (15 USC 3701; PL 104-113) 

National Environmental Policy Act of 1969 (42 USC 
4321; PL 91-190, as amended) 

Atlantic Salmon Convention Act of 1982 (16 USC 
3601-3608; Title III PL 97-389, as amended) 

National Environmental Policy Act of 1969 (42 USC 
4321; PL 91-190) 

National Historic Preservation Act of 1966, Section 
106 (16 USC 470f) 

Atlantic Tunas Convention Act of 1975 (16 USC 
971-971i; PL 94-70) 

Nuclear Waste Policy Act of 1982 (42 USC 10101 
note; PL 97-425, as amended by 1987 PL 100-203)   

Eastern Pacific Ocean Tuna Licensing Act of 1984 
(16 USC 972-972h; PL 98-445, as amended) 

Noise Pollution and Abatement Act of 1972 (42 USC 
4901 et seq; PL 100-418, as amended)   

Whaling Convention Act of 1949 (16 USC 916-9161; 
Act of August 9, 1950, as amended) 

Occupational Safety and Health Act (29 USC 651; 84 
US Stat 1590)   

Fur Seal Act of 1966 (16 USC 1151-1175; PL 89-
702, as amended) 

Oil Pollution Act of 1990 (33 USC 2701 et seq; PL 
101-380)   

North Pacific Anadromous Stocks Convention Act of 
1992 (16 USC 5001-5012; Title VIII of PL 102-587, 
as amended) 

Pollution Prevention Act of 1990 (42 USC 13101 et 
seq; PL 101-508, as amended)   

Northern Pacific Halibut Act of 1982 (16 USC 773-
773k; PL 97-176, as amended) 

Resource Conservation Recovery Act (42 USC 6901 
et seq; PL 94-580)   

Pacific Salmon Treaty Act of 1985 (16 USC 3631-
3644; PL 99-5, as amended) Safe Drinking Water Act (42 USC 300f; PL 93-523)   

South Pacific Tuna Act of 1988 (16 USC 973-973r; 
PL 100-330, as amended) 

Shore Protection Act of 1988 (33 USC 2601; Title IV 
of PL 100-688)   

  

Superfund Amendments and Reauthorization Act of 
1986 (42 USC 9601 et seq.; PL 96-150)   Toxic Substances Control Act (15 USC 2601-2692; 
PL 94-469) 
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headquarters offices and eight regional offices and science centers, the Service is tasked with completing 

several different types of assessments that will meet the needs of the United State’s diverse fisheries in the 

Northern Hemisphere.  They include Fisheries Management Plans (FMPs), Stock Assessment and Fishery 

Evaluation (SAFE) Reports, Species Conservation & Recovery Plans, Population Viability Analysis, and 

Integrated Ecosystem Assessment.   

 The Magnuson-Stevens Fishery Conservation and Management Act promulgated FMPs to be conducted 

and adopted by Regional Fisheries Management Councils (RFMCs), approved by NMFS, and enforced by the 

US Coast Guard.  Since their original inception, the Councils have also been charged with SAFE reports and 

Integrated Ecosystem Assessment activities.  As created in 1976, RFMCs include as voting members an NMFS 

representative, State fishery agency representatives from each state within the council area, several private 

citizens nominated by State governance, and representatives from tribes or territorial governments.  Non-voting 

representatives are called from the US Coast Guard, the US Department of State, the US Fish and Wildlife 

Service, and the Marine Fisheries Commission.  The budget of each council is a section of the NMFS budget 

annual appropriation.   

 By formulating the composition of the Councils in the above manner, NMFS is ensured that 

stakeholders and the public are integrated such that they are directly involved in or are overseeing every level of 

the assessment process.  Likewise, the risk manager and decision-makers, NMFS, are in the role of also being 

heavily involved in and providing supervision of the assessments.  This not only removes many potential 

communication obstacles, but also limits the instances of resistance to assessment results from stakeholders and 

the public.  An important point of reference regarding NMFS is that there is primary responsibility to the 

financial vitality of the fishing industry.   

      ERA Frameworks, Approaches, and Tools 

 In coordination with the Councils, NMFS is responsible for the implementation of several distinct 

ERAs, the first being FMPs, which are designed to identify, assess, and protect Essential Fish Habitat (EFH).  
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EFH pertain primarily to managed fish species due to the recognition of habitat protection being a necessary 

component to protecting the economic viability of the resource.  Guidelines for completing these assessments 

are successively stipulated in 50 C.F.R. §600.815, and are an amalgam of multiple several common ERA 

procedures. Of the known locales used by fish, those that are considered important for the reproduction, 

feeding, and survival of managed fish species, are identified as EFH.  This is accomplished by assessing the 

impact of loss or degradation of these habitats on the fishery and maximum sustainable yield of managed 

species using a Screening Level ERA.  Screening Assessments narrow the focus on any subsequent assessment 

and allow system elements to be triaged according to the seriousness of risk; distinguishing those that can be 

ignored from those that require additional testing and measurements and those that require immediate action.  

From there, each identified EFH is evaluated using a Baseline ERA.  Baseline ERAs evaluate the “no-action” 

alternative in a situation and serve as a guide for formulating alternative management schema.  They define the 

nature and source of significant risks, and set target remedial levels (Barnthouse et al., 2007).   

  
Figure 3. A framework for assessing a set of activities associated with a program (Suter II, 2006). 
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Continuing on in the process, Multiple Activity ERAs are used to assess the singular and cumulative 

impacts of fishing, non-fishing, and state or local government activities on the essential fish habitat.  Multiple 

Activity ERAs are unique in that they address risks from a suite of activities, each of which may generate 

multiple stressors at a site or region.  As shown in Figure 3, an overall problem is formulated, but the program is 

broken into distinct components that are individually assessed through problem formulation, exposure analysis, 

and risk characterization before the characterizations are combined to estimate the overall risk of the program 

(Suter II, 2006).  If threats to the EFH are found, protective management activities are chosen from an array 

listed with the Code of Federal Regulations, and each of these is likewise evaluated (2012).  Here, the choices 

and alternatives available to the decision-maker are somewhat limited by regulation, thus it becomes critical that 

the assessment process be especially relevant to said decision alternatives.  An adaptive management 

component, or a planned and systematic process for continual oversight and environmental monitoring allowing 

changes to be made to the program as information is acquired, is included in the FMP procedure such that an 

evaluation of a region’s EFH is included in the region’s frequently-issued SAFE report for potential action.  

Throughout the FMP process, as well as all ERAs conducted by NMFS, several models are used. 

Ecological models are used to estimate risk for a variety of reasons; Campbell and Bartell (1998) list instances 

of impossible, infeasible, or impractical empirical testing, instances where a historical situation must be 

reconstructed, instances of scenario-consequence contingency analysis, and forecast of future scenarios are 

necessary. Much as the type of assessment performed is driven by management needs (Gröger et al., 2007), the 

most useful models are those that are chosen with the risk question and management objectives derived in 

relation to that question at the forefront of thought (Brock et al., 2004).  NMFS develops its own models, but 

also employs models developed by others; Table 2 lists several models that have been used by NMFS to 

complete assessments.  While contributing to the design of models allows the agency to somewhat personalize 
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the results and ensure applicability to particular workload, the scholarly acceptance of the model is a more 

relevant criteria for adoption into an NMFS ERA process than the model’s origin.   

SAFE reports are a summation of the past, present, and potential future condition of fisheries stocks and 

marine ecosystems being managed under Federal regulation.  An important aspect of the SAFE report is the 

integration of economic and ecological assessments, similar to the framework shown in Figure 2, however they 

are baseline ERAs.  Stock assessments are centered on achieving the maximum sustainable yield; assuring cash 

flow without destroying the ecosystem.  These assessments are completed for each management species, and 

demographic models as well as trawl data are used, but there is a significant constraint when determining 

ecosystem value in economic terms.  The economic value of the fishery and associated industry is known, 

however the value of ecosystem services including production of goods, regeneration processes, stabilizing 

processes, life-fulfilling functions, and preservation of options, are highly uncertain, valued by their use or non-

use, the availability of data, and the temporal and monetary constraints of the researcher (Bruins and Heberling, 

2004).   

Species conservation and recovery plans are based on population viability analysis and habitat 

assessments.  Because NMFS lists aquatic life on the Endangered Species List, it must estimate a species’ or 

subpopulation’s time to extinction, or the probability of extinction within a prescribed period of time (Dulvy et 

al., 2004; Reynolds et al., 2005).  If the Viability Analysis shows that the population is in decline, the rationale 

for this decline must be explained.  In some cases, this will include a Stressor Identification Assessment, using 

the EPA (2000) framework and guidance.  Habitat assessments are then completed in a manner similar to 

FMPs, where a baseline assessment of conditions followed by a multiple activity assessment of management 

alternatives is completed.  The results of the population viability analysis, the stressor identification assessment, 

if any, the habitat assessment, and any proposed management alternatives, are synthesized to form the species 

conservation & recovery plan. 
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Table 2.  Models use by NMFS for completing ERAs (NOAA-NMFS, 2013a, b, c) 
Model Type Example from NMFS work 

Biophysical 

Water Quality-Habitat - predict fish assemblages, status of species and habitat under alternative managements 

Coupled NPZ-Fish - integration of individual-based model for zooplankton production and fish population 

SEAPODYM+: size-specific advection and diffusion based on an individual based modeling approach 

Food Web 
Ecopath & other Energy Budgets - a static, mass-balanced snapshot of a systems 

Ecoism - a time dynamic simulation module for policy exploration 

Ecosystem ATLANTIS: synthesize interaction between species, climate, fishing, and habitat.  ID processes governing ecosystem 
condition & simulate ecosystem response to stressor 

Minimally 
Realistic Models 

Extended Single-Species MRMs: age-structured bulk biomass or production models intended to provide context for stcok 
biomass estimates, provide tuning indices, serve as sources of other mortality, serve as "reality check" for estimates of 
magnitude of population estimates, and provide explicitly modeled estimates of predation. 

Multi-Species 
Models 

MSVPA: Multi-Species Virtual Population Analysis 

MSPROD: Multi-Species Production Models - 2-Tier Surplus Production Analysis 

GADGET: Globally applicable Area Disaggregated General Ecosystem Toolbox - extension of stock synthesis method; 
creates a virtual population within the model and follows the organisms through their life stages 

Demographic 
Fisheries Toolbox 3.0 for 
Stock Assessments – 
population models 

Stock Assessment 
Estimation of Stock Size 
and Mortality 

ASPIC: A Stock Production Model Incorporating Covariates 

ASAP: Age Structured Assessment Program Model 

AMAK: Assessment Method from Alaska 

CSA: Collie-Sissenwine Analysis 

VAP-2BOX: Dual Zone Virtual Population Analysis 

STATCAM: Statistical Catch at Age Model 

SCALE: Statistical Catch at Length Model 

SS3: Stock Synthesis Version 3 

VPA: Virtual Population Analysis 

Stock Assessment 
Management Scenario 
Projections 

AGEPRO: Age Structure Projection Model 

Stock Assessment 
Biological Reference Points 

YPR: Age-Based Yield Per Recruit 

AIM: An Index Method 

YPRLEN: Length Based Yield Per Recruit 

SRFIT: Stock Recruitment Fitting Model 

Stock Assessment Model 
Performance Evaluation 

POPSIM: Population Simulator 

MSE:  Management Strategy Evaluation 

VisRpt: Visual Report Designer 

Stock Assessment Models 
for Data-Limited Situations 

DCAC: Depletion Corrected Average Catch Model 

SEINE:  Survival Estimation in Non-Equilibrium situations 

Toolbox Additions 

KALMAN:  Kalman Filter 

PSA:  Productivity and Susceptibility Analysis 

RIVARD: Rivard Weights Calculator 
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 Ecosystems-based Fisheries Management (Leslie and McLeod, 2007; McClure and Ruckelshaus, 2007; 

Pikitch, 2004) is the most recent development concerning ERA within NMFS, and is responsible for spawning 

the relatively new NMFS five-step framework, Integrated Ecosystem Assessment (IEA), shown in Figure 4.  As 

discussed by Levin et al. (2007); Levin et al. (2009a); Levin et al. (2009b), IEA is NMFS’ formal synthesis and 

quantitative analysis of information on relevant natural and socioeconomic factors in relation to specified 

ecosystem management objectives.  It is a cumulative evaluation of anthropogenic impacts from an array of 

activities.  As characteristic of all NMFS ERAs, incredible emphasis is placed on stakeholder involvement and 

risk communication throughout the assessment process.  Indicator screening and selection in order to achieve 

pertinent and useful assessment output is made following the guidance provided by Fulton et al. (2005); Rice 

and Rochet (2005).  Analysis is completed by utilizing a tiered approach, the first phase being a screening ERA.  

A tiered approach to conducting ERAs allows the assessor to be very efficient when asked to assess a large 

number of stressors possessing similar characteristics, such as physio-chemical properties.  The Risk Analysis 

section of the framework is tiered and permits the assessor to attempt to complete the analysis with a small and 

inexpensive data set before moving on to higher orders of complexity and priority (Bradbury et al., 2004).  At 

the close of each tier, a decision is made regarding the need for additional analysis.  Each subsequent 

assessment attempts to define the risks and provide the basis for management decisions; they are highly focused 

on particular stressors, routes of exposure, and endpoints critical to a decision (USEPA, 2001) .   

Several probabilistic models are utilized during IEAs, each primarily selected by indicators and 

assessment endpoints, as demonstrated by Chen et al. (2013), but also influenced by Pastorok et al. (2001)’s 

seven criteria for optioning a model, including sensitivity, treatment of uncertainty, degree of development and 

consistency, ease of estimating parameters, regulatory acceptance, credibility, and resource efficiency.  The 

models’ probabilistic nature allows both the known variability and the lack knowledge of a parameter’s true 

value to be addressed simultaneously by using ranges or distributions of each parameter (Norton et al., 2010).  
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Despite using probabilistic models, the uncertainties and information gaps most significantly limiting to IEA 

outcomes are in the areas of exposure modeling and monitoring (Bradbury et al., 2004).   

In order to ameliorate obstacles caused by uncertainty in the assessment process, IEA includes a strong 

adaptive management component.  This component of the framework acknowledges that many uncertainties 

stem from small, possibly incremental changes to critical ecosystem processes that may not be evident for well 

after implementation of management actions, and recognizes that said changes may well affect critical aspects 

of the environment or progressively interact with other established resource uses (Isaacman, 2013).  With the 

results of management actions constantly monitored and new information revealed, a different set of target 

indicators and known stressors may emerge with higher relevance than those from the original assessment 

scenarios, creating a need to repeat the risk analysis.  It is at this stage, as well, that stakeholders have an 

opportunity to become involved in and influence the process.    

 
Figure 4.  The Five-Step Process of Integrated Ecosystem Assessment (Levin et al., 2009a) 
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 When evaluating any of NMFS’s ERA processes and products, it is essential to denote that NMFS is a 

regulatory agency with enforced decisions.  Though the nature of the Regional Fisheries Councils includes 

stakeholders and decision-makers in the assessment process, compliance with decisions is legally enforceable, 

even for those who disagree.  In an effort to minimize some public and private industry disdain of ERA results, 

economic and socio-cultural criteria play a major role in every risk assessment and decision made, with the 

exception of Species Conservation and Recovery Plans.  Even in ecosystem-based assessments, humans are 

considered an integral part of the ecosystem.   

  

United States Environmental Protection Agency (EPA) 

     Agency mission, composition, and ERA context 

 EPA operates ten regional, eight technical, and five administrative offices throughout the US with the 

mission “to protect human health and the environment” (USEPA, 2013a).  The agency was created in December 

of 1970 after US House of Representatives and US Senate committee hearings ratified an executive order 

signed by former President Richard Nixon calling for the establishment of the agency.  When proposing the 

launch of EPA as an institution, Nixon wrote that he intended the agency to be principally responsible for the 

“conduct of research on the adverse effects of pollution and on methods and equipment for controlling it, the 

gathering of information on pollution, and the use of this information in strengthening environmental protection 

programs, and recommending policy changes” (Nixon, 1970). Setting up EPA to be the authority on ERA, the 

nascent agency’s duties were combined from those previously held by the Federal Water Quality 

Administration, the Department of Interior, the National Air Pollution Control Administration, the Bureau of 

Soil Waste Management, the Bureau of Radiological Health of Environmental Control Administration, and the 

Food and Drug Administration (Wisman, 1985).  Many of the laws requiring EPA to act mandate the 
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development of sets of standards or tolerance levels for certain substances in the environment, such as the 

Federal Food Drug and Cosmetics Act calling for maximum limits for pesticide residues, the Clean Air Act 

requiring the National Ambient Air Quality Standards, and the Clean Water Act obliging the development of 

wastewater standards for industry and surface water quality standards (Arbuckle et al., 1976).  Other legislation 

involves the EPA continuously conducting ERAs in order to appraise specific situations or substances, such as 

the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 which focuses on 

uncontrolled or abandoned hazardous waste sites as well as accidents, spills, and other emergency releases of 

pollutants, the Toxic Substances Control Act which requires testing, record-keeping, and reporting of industrial 

chemicals like asbestos, and the Federal Insecticide, Fungicide and Rodenticide Act which centers on the 

environmental effects of pesticides (USEPA, 2013b).   

     ERA Frameworks, Approaches, and Tools 

As a part of his proposal to Congress to form EPA, former president Nixon also put forward a five-step 

approach to be used by the agency in evaluating and tackling environmental pollution that is very similar to the 

ERA approach used by the organization today: “1) identify pollutants; 2) trace them through the entire 

ecological chain, observing and recording changes in form as they occur; 3) determine the total exposure of man 

and his environment; 4) examine interactions among forms of pollution; 5) identify where in the ecological 

chain interdiction would be most appropriate” (Nixon, 1970).  Having already been guided by the late 

president’s incremental process, it was logical that EPA  was the first agency to respond to the National 

Research Council’s 1983 recommendations calling for a set of formal guidelines for governmental ERA 

procedures (Callahan and Sexton, 2007).  Henceforth, the EPA Framework, shown in Figure 5, was developed.  

Partially because of its precedent, this framework has become an internationally recognized model within the 

risk assessment community.   

During the first phase of the framework, problem formulation, the management goals, breadth, and focus 

of the ERA are established.  It is in this stage that discussions with the risk manager and/or decision-maker 
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occur and stressors are identified.  If stressors are not readily apparent, the Stressor Identification Framework, 

also an EPA (2000) tool, is utilized, as is shown in Figure 6.  Assessment endpoints are selected based on 

management goals, identifying specific entities and their attributes that are at risk. In order to test the effects of 

a defined stressor on the chosen assessment endpoints, measurement endpoints are likewise established 

(USEPA, 2003b).  A series of working hypotheses regarding how the stressor might affect ecological 

components of the natural system is formulated. After this stage, communication between the assessors and the 

risk managers and/or decision-makers influencing the process is largely halted until post-assessment.  Though 

risk assessors and risk managers and/or decision-makers involved in the project are either directly or 

contractually employed by EPA, there is a division between policy and assessment within the agency in order to 

minimize undue influence in the assessment process and efficiently utilize personnel talent.  Typically, 

stakeholders are absent during all phases of the assessment. 

  
Figure 5. EPA Framework for Ecological Risk Assessment (Norton et al., 1992; USEPA, 1992, 1998) 
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During the second or analysis, phase a technical evaluation of data on the potential effects and exposure of the 

stressor is performed according to the conceptual model outline.  Exposure is characterized by examining the 

sources of stressors, the distribution of stressors in the environment, and the extent of co-occurrence or contact.  

Effects on the environment are analyzed by examining the stressor-response relationships, the evidence for 

causality, and the relationship between measures of effect and assessment endpoints (USEPA, 1998).  From this 

information, exposure and stressor-response profiles are developed.  Models are employed to provide much of 

the details needed to generate the profiles; EPA has expended significant effort in the development of a host of 

relevant models and tools to assist with this phase of the assessment (See Table 3). Much like NMFS, while 

contributing to the design of models allows the agency to somewhat personalize the results and ensure 

applicability to particular workload, the scholarly acceptance of the model is a more relevant criteria for 

adoption into the EPA ERA process than the model’s origin.  However, despite the incredible value those high-

quality models have in allowing assessors to characterize and reduce uncertainty, the models themselves can 

become one of the many sources of uncertainty in the ERA procedure.  

The influence of models notwithstanding, uncertainty is especially inherent to every ERA process as not all 

inputs or environmental factors can be measured, and a given amount must be acceptable in order to keep the 

project efficient.  For example, the direct effects of a stressor (e.g. LC50), may be known, but its indirect effects 

(e.g. change in feeding, grooming, nesting behavior) may be uncertain.  There may be data lacking for recovery 

from a stressor, or stressor impact over alternate spatial and temporal scales.  In addition to these analysis 

uncertainties, USEPA (1992) lists extrapolations between taxa, from field to field, interspecies, and between 

responses as common for ERAs. Owing to these factors, an uncertainty analysis is conducted within the second 

phase of the framework to describe the degree of confidence in the assessment; and in using an iterative 

process, it can help the risk manager focus additional monitoring, modeling, or experiments on those areas that 

will lead to the greatest reduction in uncertainty (Norton et al., 2010). The technique of continuous repetition of 
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assessment in Iterative ERAs allows for the incorporation of the most current information while also exposing, 

quantifying, and ruling out the effects of individual uncertainties.  

  
Figure 6.  EPA Stressor Identification Assessment Framework (Cormier et al., 2000; USEPA, 2000) 

 

The final phase, Risk Characterization, displays the resulting likelihood of adverse effects occurring 

after exposure to a stressor.  Risk is estimated and described both quantitatively and qualitatively.  This is the 

second and final area of communication between the assessor and the risk manager/ decision maker, and is the 

opportunity for the risk manager to decide a subsequent ERA is needed.  Though risk assessors and risk 

managers within EPA may be separated by roles and responsibilities, the agency is responsible for risk 

assessment, management and decision-making, forming a closed circuit, with little involvement from outside 

entities.   
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Table 3.  Modeling and Assessment Tools Germane to EPA ERAs (USEPA, 2013c) 
 

EPA Model/ Tool Description 

AQUATOX an aquatic food-web model simulating multiple environmental stressors and their direct/ indirect effects on organisms 

Better Assessment 
Science Integrating 
point and Nonpoint 
Sources (BASINS) 

a multi-purpose environmental analysis system designed for use by regional, state, and local agencies in performing watershed and water 
quality-based studies that integrates a geographical information system (GIS), national watershed data, and state-of-the-art environmental 
assessment and modeling tools into one convenient package. 

Bioaccumulation in 
Aquatic Systems 
Simulator (BASS) 

model that simulates population and bioaccumulation dynamics of age-structured fish communities. While BASS was designed to 
investigate bioaccumulation of chemicals within community or ecosystem contexts, it also allows EPA to evaluate various dimensions of 
fish health associated with non-chemical stressors. Accurate bioaccumulation estimates help predict realistic dietary exposures to humans 
and fish-eating wildlife 

Causal Analysis/ 
Diagnosis Decision 
Information System 
(CADDIS) 

an online application designed to help users conduct causal assessments, primarily in stream ecosystems. It provides a logical, step-by-step 
framework for Stressor Identification based on the U.S. EPA’s Stressor Identification Guidance Document, as well as additional information 
and tools that can be used in these assessments. 

CMAQ 
Air quality model and software suite designed to model multiple pollutants at multiple scales.  Allows regulatory agencies and state gov'ts to 
evaluate the impact of air quality management decision, and gives scientists the ability to probe, simulated, and understand chemical and 
physical interactions in the atmosphere 

Exposure Analysis 
Modeling System 
(EXAMS) 

Supports development of aquatic ecosystem models for rapid evaluation of the fate, transport, and exposure concentrations of synthetic 
organic chemicals.  Generates and summarizes data critical for ecological risk assessments, utilizing historically collected data and 
minimizing intensive field sampling. 

Exposure Model for 
Soil-Organic Fate 
and Transport 
(EMSOFT) 

a computer screening model that may be used 1) to determine concentrations of contaminants remaining in the soil over a given time (when 
the initial soil concentration is known); 2) to quantify the mass flux (rate of transfer) of contaminants into the atmosphere over time; and 3) 
to subsequently calculate contaminant air concentrations by inputting mass flux values into atmospheric dispersion models.  EMSOFT can 
also be used by risk assessors and exposure modelers to calculate average chemical concentrations at a given depth over time. This model 
addresses situations in which contaminated soils are located at the surface and buried beneath a clean soil cover.  

Framework for Risk 
Analysis of Multi-
Media 
Environmental 
Systems (FRAMES) 

FRAMES is a software-based modeling system that takes collections of models and modeling tools and applies them to real world problems. 
FRAMES facilitates communication between models, supporting the passage of data that helps simulate complex environmental processes. 
The tool has been used in EPA assessments in support of the Hazardous Waste Identification Rule (HWIR), which establishes contaminant 
concentration levels in industrial waste streams that are considered safe for disposal. 

Positive Matrix 
Factorization (PMF) 
& Unmix 6.0 

Receptor Models developed by EPA scientists to support regulatory work by identifying and quantifying the relative contributions that 
various air pollution sources contribute to ambient air quality in a community or region.  Users provide files of sample species 
concentrations and uncertainties which the model uses to calculate the number of sources, types, profiles, relative contributions, and a time-
series of contributions 

Regional 
Vulnerability 
Assessment (ReVA) 

Integrates research on human and environmental health, ecorestoration, landscape analysis, regional exposure and process modeling, 
problem formulation, and ecological risk guidelines in order to assess priorities at a regional scale. 

SPARC Performs 
Automated 
Reasoning in 
Chemistry (SPARC) 

predictive modeling system for estimating chemical reactivity parameters and physical properties for a wide range of organic molecules.  
Resulting information can be used to predict the fate and transport of pollutants in the environment. The model incorporates multiple 
mathematical approaches to estimate important chemical reactions and behavior.  It will then interface directly with air, water, and land 
models to provide scientist with data that can inform risk assessments and help prioritize toxicity-testing requirements for regulated 
chemicals 

Spatial Allocator 
The Spatial Allocator was developed by the Institute for the Environment at the University of North Carolina at Chapel Hill for the U.S. 
Environmental Protection Agency to provide tools that could be used by the air quality modeling community to perform commonly needed 
spatial tasks without requiring the use of a commercial Geographic Information System (GIS). 

Supercomputer for 
Model Uncertainty 
and Sensitivity 
Evaluation (Super 
MUSE) 

Enhances quality assurance in environmental models and applications by better-enabling investigating new and existing Uncertainty 
Analysis and Sensitivity Analysis methods  The tool also easily allows the UA/SA ratio of complex Windows-based environmental models 
to be calculated, which have historically been impractical to consider 

Ubertool: 
Ecological Risk 
Web Application for 
Pesticide Modeling 

EPA scientists have developed a prototype cloud computing-base knowledge management system to support ecological risk decisions 
mandated under the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) and the Endangered Species Act. The “Ubertool” 
dashboard infrastructure integrates the processing of model results for over a dozen commonly-used EPA aquatic and terrestrial regulatory 
models and supporting datasets. 

Watershed Health 
Assessment Tools 
Investigating 
Fishers (WHATIF) 

WHATIF is software that integrates a number of calculators, tools, and models for assessing the health of watersheds and streams with an 
emphasis on fish communities. The toolset consists of hydrologic and stream geometry calculators, a fish assemblage predictor, a fish habitat 
suitability calculator, macro-invertebrate biodiversity calculators, and a process-based model to predict biomass dynamics of stream biota. 
WHATIF also supports screening analyses, such as prioritizing areas for restoration and comparing alternative watershed and habitat 
management scenarios 
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  When it was formed in the late 1980s, the EPA Framework was intended to be a flexible mechanism to 

supply most of the ERA needs of the agency.  As such, the application of the framework varies within the 

agency and by the regulatory purpose for which it is being employed.  Legislative language limits the level of 

detail and analysis necessary in the assessment, as well as the variety of options that are available for a decision.  

A particularly illustrative example of the EPA Framework’s ability to span the gap of wide legislatively-

imposed disparity is demonstrated within EPA’s Office of Pesticides and Toxic Substances (Bascietto et al., 

1990; Suter II, 2006), where both the Federal Insecticide, Fungicide, Rodenticide Act (FIFRA), and the Toxic 

Substances Control Act (TSCA) are administrated.   

FIFRA is a registration law, giving EPA legal authority to require upfront testing and analysis of any 

new chemical. As such, within the analysis phase of the ERA process under FIFRA, multiple tiered 

assessments, complex probabilistic exposure scenarios, and substantial agency analysis and review are 

conducted.  The options presented to the decision-maker are to register the substance, to register with 

restrictions, or to prohibit the substance.  In contrast, TSCA is a review and approval law, where a case must be 

made that a new chemical is likely to cause adverse health or ecological effects before any substantial listing 

can be required.    The analysis phase under TSCA consists of hazard quotients1 utilizing limited data sets 

combined with prescribed assessment factors2.  The legislation mandates that EPA complete its total risk 

assessment and form an action decision within 90 days of the chemical manufacturer’s notification of pending 

release of its product on the US market.   

Despite the EPA Framework’s demonstrated regulatory flexibility, it was not able to meet the needs of 

the Comprehensive Environmental Response, Compensation and Liability Act of 1980 (CERCLA), or 
                                                            
1 A hazard quotient (HQ) is the ratio of the potential exposure to the substance and the level at which no adverse effects are expected. If the HQ is calculated to be equal 
to or less than 1, then no adverse health effects are expected as a result of exposure. If the HQ is greater than 1, then adverse health effects are possible. The HQ cannot 
be translated to a probability that adverse health effects will occur and it is unlikely to be proportional to risk. It is especially important to note that an HQ exceeding 1 
does not necessarily mean that adverse effects will occur. USEPA, 2013a, "EPA", http://www2.epa.gov/aboutepa 
2 Assessment factors incorporate the uncertainty associated with toxicity data, laboratory tests versus field tests, measured versus estimated data, and species sensitivity. 
For TSCA assessments, factors of 1, 10, 100, and 1000 are used. In general, if only a single toxicity value is available, there is a large uncertainty about the applicability 
of this value to other organisms in the environment, then a large assessment factor (e.g., 1,000) is applied to cover the range of sensitivity known to exist among and 
between organisms in the environment. Conversely, more information results in more certainty concerning the toxicity values and allows the use of a smaller 
assessment factor. USEPA, 1984, "Estimating concern levels for concentrations of chemical substances in the environment",  (Office of Pollution Prevention and 
Toxics, Health and Environmental Review Division, Environmental Effects Branch, Washington, DC) 
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Superfund.  When conducting Superfund ERAs, the EPA uses the Ecological Risk Assessment Guidance for 

Superfund Eight-Step Process, or the ERAGS framework, shown in Figure 7, which has its own set of control 

documents (USEPA, 1997).   

 
Figure 7.  Ecological Risk Assessment Guidance for Superfund Eight-Step Process (USEPA, 1997) 
 

A characteristic of this framework that is of particular importance within the scope of EPA ERAs is the 

presence of scientific/ management decision points (SMDPs) at each level of the assessment, where the 

assessors, project manager, and the scientific advisors jointly convene during the assessment process.  Perhaps 

indicative of the legislative focus on legally-defensible procedure and data collection/ handling, the SMDPs 

allow the risk manager and risk assessor to communicate concerning the results of each step and make decisions 

regarding the previous adequacy and future needs of the assessment.  Superfund ERAs frequently become 

complex and lengthy, with the risk managers’ needs ill-suited to the traditional static framework used for the 

majority of EPA ERAs.   

Similarly, the original EPA framework’s inability to meet risk managers’ needs to assess multiple 

threats on whole populations led to the development of EPA’s most recent ERA framework, the Cumulative 
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Risk Assessment.  Within the agency, this framework, shown in Figure 8, has been more notably used by the 

Office of Water, the Office of Air and Radiation, and the Regional offices (USEPA, 2003a).  

 
Figure 8.  EPA Cumulative Risk Assessment Framework (USEPA, 2003a) 

Cumulative Risk Assessment allows much greater participation from the public, including discussion 

and communications integration with problem formulation in the first phase, and uses a more complex, spatially 

and temporally variable ecosystem- or landscape- based approach to analysis.  Incorporating some of the tools 

found in a multiple-activity framework, and akin to the NMFS IEA, it evaluates the simultaneous effects of 

multiple stressors on numerous ecological components within the system. Though the lack of stakeholder 

involvement in the process remains evident, the role of the “planning team,” which may include stakeholder 

input, if not presence, is a significant difference in this framework.  Potentially the most important 
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distinguishing characteristic of this outline is the integration of human health and ecological risk assessment, a 

factor absent from all other EPA ERAs (Hope, 2006). 

Interestingly, EPA has developed a framework for use by other entities, such as states and tribes, that 

heavily integrates stakeholders and the public, as well as human health, to develop watershed plans emphasizing 

locally-driven watershed-based activities.  Termed the Watershed Approach Framework, it is designed for non-

regulatory work and emphasizes partnership, geographic focus, and sound management (Norton et al., 2010).  

The ERA component of the framework consists of six steps:  1) Assessment and Characterization of Aquatic 

Resources, Problems, their Causes and Sources, 2) Goal Setting, 3) Problem Prioritization and Resource 

Targeting, 4) Management Option Development and Watershed (or Basin) Plans, 5) Implementation and 6) 

Monitoring and Evaluation (USEPA, 2008).  However, despite its efforts in development, EPA neither utilizes 

nor draws from this framework; it is strictly for use by non-EPA entities.   

When evaluating EPA ERA frameworks and processes, it is important to note that the agency is 

regulatory; like NMFS, its decisions are enforceable and have financial impact on industry.  Disparate from 

NMFS, EPA does not readily incorporate the public or stakeholders in its assessment process, limiting influence 

on assessment results.  Only recently and with a shift in policy, has EPA begun integrating human social, 

cultural, and economic factors into its ERA procedures.   

 

United States Department of Agriculture Natural Resources Conservation Service (NRCS) 

      Agency mission, composition, and ERA context 

 NRCS’ objective is to “work with landowners through conservation planning and assistance designed to 

benefit the soil, water, air, plants, and animals that result in productive lands and healthy ecosystems” (USDA-

NRCS, 2013c). Unlike NMFS and EPA, NRCS has a decentralized structure, with field offices in almost every 

county of every state.  More centralized regional technical centers provide region-specific technical and 
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scientific information, monitor implemented processes, develop models and tools to be used during the 

assessment procedure, and train personnel. 

 Similar to NMFS’ Regional Councils, the Soil Conservation and Domestic Allotment Act of 1935 (16 

USC 590a-f; PL 74-96, as amended) created Soil and Water Conservation Districts (SWCDs) to function as 

decision-making and governing entities for conservation work on private lands, typically within a county 

geographic boundary.  Laws governing SWCDs vary slightly by state, but typically each has a five to seven 

member board either elected or appointed containing legislators, industry professionals, farmers, and citizens 

(USDA-NRCS, 2013a).  This board directs the overarching conservation program for that district, and receives 

leadership and assistance from NRCS, both technically and through its financial assistance programs, to deliver 

the conservation agenda to its constituents.   The NRCS is the technical authority for all conservation work 

implemented by SWCDs.   

ERA Frameworks, Approaches, and Tools 

 The conservation program development of an SWCD is an assessment guided by NRCS as part of its 

Conservation Planning Process.  It is similar to EPA’s Watershed Approach Framework (Norton et al., 2010)  

because of its attention to multiple risk managers and a lack of the a legislative mandate.  However, planning at 

a watershed level with NRCS utilizes the same framework as assessment on a ten-acre field.  The Conservation 

Planning Framework, as shown in Figure 9, encompasses nine steps; three in each of its three phases.   

It is important to note that assessments performed by NRCS are primarily on working lands such as land 

harvested for timber and land in agricultural production, and that while there may be many interested parties, 

only the land-manager is the decision-maker (French et al., 2008).  The NRCS does not make the decisions, nor 

does it enforce them.  Any ERA or other work with NRCS is completely voluntary, as well as confidential.  

Confidentiality of assessments with NRCS was legally required with the passage of the 2008 Farm Bill ("Food, 

Conservation, and Energy Act ", 2008).  Section 1619 of the statute requires that NRCS cannot release 
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information concerning the agricultural operation, farming or conservation practices, or land itself from any 

participating cooperator3, with exact stipulations for what information will and will not be disclosed.   It is an 

exemption from the Freedom of Information Act, and exists primarily because of reaction to a US District Court 

ruling perceived to have infringed on the privacy of agricultural producers ("Multi Ag Media LLC v. 

Department of Agriculture," 2008).  Subsequently, the realities of ERAs with NRCS are that the cooperator is 

the decision-maker, and the decision that is made, as well as any information involved in the assessment, cannot 

legally be released to the public by NRCS.  In order to involve the public, NRCS relies on working one-on-one 

with its constituents, hosting local and regional outreach events, developing partnerships with organizations 

working toward similar goals, collaborating with the SWCD, and inviting all interested parties and entities to 

contribute to conservation programs on at least an annual basis (Shuchman et al., 2008). 

 
Figure 9.  The NRCS conservation planning framework (USDA-NRCS, 2013a) 
 

 Conservation Planning is broken into three distinct sections, labeled Phase I, Phase II, and Phase III.  

During the first phase of the ERA process, areas of concern in the cooperator’s operation or on the cooperator’s 

                                                            
3 A participating cooperator with NRCS is any person or entity who has voluntarily agreed to work with the NRCS.  A cooperator may 
be a farmer, rancher, landowner, or other land manager with agricultural, forestry, or wildlife interests.   
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land and areas that could benefit from improvement are identified, the cooperator’s objectives and objectives of 

the ERA are determined, and resources are inventoried.  This phase is the essence of a Screening Level ERA, 

and heavily emphasizes good communication between the assessor and the cooperator, as well as the assessor’s 

use of teaching aids to ensure cooperator understanding of resource concerns.  Phase Two incorporates an 

analysis of the information collected in Phase I of the cooperator’s current resources, existing, or benchmark, 

activities on the operation, and identified areas of concern or stressors. This is followed by the formulation of 

alternative action strategies that may be used to tackle the identified issues, and the evaluation of such 

alternatives.  Essentially this is a Baseline ERA followed by a multi-alternative ERA.  The benchmark activities 

and each alternative are assessed for their impact on environmental media (soil, water, air, plants, animals), and 

on social, economic, energy, and compliance with or avoidance of regulation.  This creates several multiple-

activity assessments, which differ from multi-alternative assessments in that they are an analysis of several 

simultaneously-performed activities or many activities that are a part of one larger cohesive operation.  NRCS 

has focused a great deal of its energy resources creating models and tools to evaluate benchmark and alternative 

conditions.  Table 4 lists some common tools that are used by trained personnel in field offices.  Phase Three 

consists of the implementation and adaptive management components of the process.  Suites of best 

management practices to address concerns characterized in Phase Two are decided upon, implemented, and then 

evaluated for needed change.  The evaluation is done by field office personnel with the cooperator, but also can 

be part of a larger assessment of conservation practice physical effects or conservation effects assessments, both 

of which characterize and evaluate the impacts and efficacy of conservation practices used to address resource 

concerns on a national scale (Fennessey et al., 2001; McCann and Easter, 2000; Williams et al., 2010).    

It is critical to note that NRCS assessments may be holistic as the framework suggests, but often they  
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Table 4. A selection of commonly used assessment tools developed and used by the NRCS for Conservation Planning  
NRCS Model/ Tool Description 

Agricultural Non-Point Source 
Pollution Model (AGNPS) 

Joint NRCS-ARS system of computer models developed to predict nonpoint source pollutant loadings within 
agricultural watersheds.  It contains a continuous simulation surface runoff model designed to assist with 
determining best management practices, the setting of total maximum daily loads, and risk and cost-benefit 
analysis 

Soil and Water Assessment 
Tool (ArcSWAT) 

Links SWAT and Arc Info.  Hydrologic model used to predict the effect of agricultural management decisions 
on water and sediment yields for large un-guaged rural watersheds 

Animal Waste Management 
(AWM) 

Planning/ design tool for animal feeding operation that can be used to estimate the production of manure, 
bedding, process water, and determine the size of storage/ treatment facilities.   

C-Graz Decision-support tool that assists the user in developing an annual grazing management plan based on NRCS 
technical guidelines.    

Center Pivot Nozzle 
(CPNozzle) 

Center Pivot Nozzle and storage tool to estimate the potential for runoff and subsequent economic impact from 
reducing the operating pressure of a sprinkler irrigation system 

CropFlex –Management system for irrigated crops.  Goal to provide irrigation and fertility management advice to assist 
farmers in maintain or increasing yields while minimizing the potential of  leaching nitrates 

Drain Modification 
(DrainMod) 

–Simulates the hydrology of poorly drained, high water table soils on an hour-by-hour, day-by-day basis for 
long periods of climatological record (e.g. 40 years).  The model predicts the effects of drainage and associated 
water management practices. 

Estimating Field-scale  Spatial 
Salinity Patterns (ESAP) 

–Estimations from electromagnetic induction signal data.  Designed to be used by personnel that are working 
with monitoring, mapping and reclamation of salt effected soil and water 

Field Irrigation Rating Index 
(FIRI) 

–Field Irrigation Rating Index approximates or quantifies approximate water conservation through changes 
made to irrigation systems or through management 

Irrigation Water Requirements 
- Penman Monteith (IWROM) 

–Crop  consumptive use program using the Penman-Monteith equation for evapotranspiration developed 
specifically for NRCS use in development of Consumptive Use Tables for the NRCS Irrigation Guide. 

ND-Drain –Determines lateral effect of drains in close proximity to wetlands 

Nutritional Balance Analyzer 
(NUTBAL) 

–Decision-supporting tool using farm and ranch specific information regarding animal attributes, environmental 
conditions, pasture conditions, feeding program, and metabolic modifiers to produce two primary reports.  The 
tool evaluates feed value in relationship with animal nutrient deficiency or desired gain. Will identify the most 
cost efficient option, amount to be fed, and cost per day 

Revised Universal Soil Loss 
Equation version 2 (RUSLE2) 

–Predicts sheet and rill erosion from rainfall water, utilizing the soil condition index, the soil tillage intensity 
rating, and energy requirements for the planned crop system 

Soil, Plant, Atmosphere and 
Water (SPAW) –Water budgeting tool for farm fields, ponds and inundated wetlands 

TR-19 (RESOP) –RESOP is a tool to determine water storage requirements to meet supply and demand.  A water budget 
calculator 

Wind Erosion Prediction 
System (WEPS) 

–Developed by ARS and NRCS to serve as the wind erosion prediction software for conservation planning.  It 
represents a significant technological improvement to predict wind erosion on site and quantify the offsite 
movement of soil to include PM-10. 

Wildlife Habitat Index –Tool to assist in scoring wildlife habitats and evaluating the effects of planned practices on those habitats.  A 
quality criteria report can also be produced 

Win-PST –Pesticide environmental screening tool used to evaluate the potential for pesticiddes to move with water and 
eroded soil/ organic matter and affect non-target organisms 

Win TR-20 –Storm event surface water hydrologic model applied at a watershed scale.  Data requirements include rainfall 
data, watershed data, and cross section data 

Win TR-55 –Small Watershed Hydrology.  Win TR-55 is a tool for urban hydrology for small watersheds.  Uses NOAA 14 
data 
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may focus on specific items such as wetland restoration, compliance with the 1985 Food Security Act  

Highly Erodible Land Conservation provisions, pasture management, etc. (Heimlich, 2007).  Assessments are 

completed with very heavy emphasis on professional judgment.  Most models are probabilistic and assign 

thresholds or tolerances.  Little to no experimental data is collected, except by technical centers to verify 

modeling tools (USDA-NRCS, 2013b).  Field office staff must follow assessment framework without deviation, 

and may not use models or tools that are outside of NRCS purview (USDA-NRCS, 2011). Economic factors are 

used in each assessment, as that information is critical for land manager decision and adoption, as well as 

associated cultural information, such as tribal customs or beliefs (USDA-NRCS, 2012).  

 

Discussion 

Applications and Efficiency 

Agency ERAs can be broadly categorized as “Top-Down” or “Bottom-Up.”  Top-Down ERAs assess 

effects on whole systems, while Bottom-Up assessments look at much smaller biological units of assessment, 

such as a populations or organisms (Smrchek and Zeeman, 2009).  The NMFS’ FMPs, SAFE reports, and 

Species Conservation and Recovery Plans, as well as EPA assessments using its original framework, fall into 

the Bottom-Up category.  The NMFS’ IEA framework, EPA’s ERAGS eight-point and Cumulative Risk 

Assessment frameworks, as well as NRCS’ Conservation Planning outline fall into the Top-Down category.  

There are disadvantages and advantages of each group.  Bottom-up approaches may be quite useful in 

regulatory applications requiring highly defensible lab tests with minimal uncertainties for which all 

environmental factors known, controlled, and accounted (Smrchek and Zeeman, 2009), but the narrow focus 

and simplicity may miss the mark when an analysis of an entire system incorporating multiple entities and 

multiple stressors is required.  For example, because single-species test-data cannot predict the effects of a 

stressor on intra- or inter- species interaction, Solomon and Sibley (2002) argue that bottom-up assessment is 
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ill-suited for determining the risk of any chemical to be volitionally released into the environment (e.g. 

pesticides).  Top-Down approaches can effectively examine the enormity of interactions between organisms, 

abiotic features, and stressors on temporal, spatial, and orders-of-magnitude scales, but these assessments 

contain high levels of uncertainty and may be costly to the taxpayer.   Landis (2004) reports that ecosystem 

ERAs are laborious and it is difficult to definitively quantify risk or even variability of natural forces governing 

an ecosystem. 

Building on concern for costs to taxpayers, Bradbury et al. (2004) found that tiered assessments and 

adaptive management were ERA components that created the most resource-efficient systems.  They cite the 

tiered approach demonstrated by EPA’s FIFRA applications as a foundation for rigorous risk-based screening 

approach that facilitates credible decisions at the earliest possible level while reserving high-end expertise and 

cost for the most complex situations.  NMFS uses a tiered analysis in its IEA, as well.  However, though using 

tiers may be cost and time efficient, the output may lack the applicability expected or necessary from the 

assessment process in a regulatory situation.  While conducting a comparison of the tiered assessment with an 

ecosystem approach, Brock et al. (2004) discovered that the first tier was able to protect sensitive species with a 

safety factor application, but could not show recovery effects or indirect effects; the 2nd tier could distinguish 

indirect from direct effects but could not predict either effects’ distribution. Meanwhile, the ecosystem 

approach, as opposed to the tiered assessment, could show indirect effects at concentrations twenty times lower 

than that evaluated in the 1st and 2nd tier, and included spatial and temporal distribution of these effects.  

Solomon and Sibley (2002) found results similar to Brock et al. (2004) in their assessment, noting that the use 

of single-species test data with safety factors or hazard quotients with assessment factors, such as those 

employed in EPA TSCA and FIFRA assessments, cannot predict how species interaction, species with varied 

sensitivities, or populations will react to a stressor.   
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Perhaps a method of ameliorating the aforementioned limitations, espousal of adaptive management 

within the ERA process has allowed EPA, NMFS, and NRCS to monitor and make changes that improve in 

areas that may have been over-simplified or have a degree of uncertainty, while maintaining and enhancing 

previously mentioned characteristics of efficiency (Isaacman, 2013). The NMFS’ adaptive management 

components are seen primarily within its IEA framework, which strongly emphasizes the process.  The SAFE 

reports also make some effort to include adaptive management by incorporating FMP needs and data on an 

annual basis.  Within EPA’s frameworks, the Scientific/ Management Decision Points included in ERAGS are 

the components most specifically utilizing adaptive management.  The original framework as well as the 

Cumulative Risk Assessment alludes to the principle, but because of the closed, non-iterative nature of the 

assessments, there is no direct guidance for its use.  The NRCS employs adaptive management in much the 

same fashion as the NMFS’s IEA, where the process is specifically listed as a required follow-up to 

implementation of evaluated action alternatives.    

Linkov et al. (2006) has developed six criteria by which to evaluate agencies on their adoption of 

adaptive management techniques within risk assessments; these are listed in Table 5.  Despite the lack of 

agency documentation, they assert that EPA has shown strong evidence for implementing criteria 2 and 4. More 

in line with agency documentation, NMFS is shown to have adopted criteria 4 and 6.  From existing policy 

(USDA-NRCS, 2013a), there are implications that NRCS has adopted 1, 3, 4, 5, and 6.  

Table 5 Adaptive Management Criteria (Linkov et al., 2006) 
1.  Management objectives are regularly revisited and accordingly revised 
2. A model of the system is being managed 
3.  A range of management choices are present 
4.  Monitoring and evaluation of outcomes is completed 
5.  A mechanism for incorporation learning into future decisions is present 
6.  A collaborative structure for stakeholder participation and learning is apparent 
 
 
Utility and Universalism (Flexibility) of Assessment Approach 

The applications of ERAs are wide in variation and diversity, even within the same discipline of a 

particular agency.  For example, a wildlife resources manager may typically utilize ERAs to identify resources 
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that are “at risk” from assorted environmental stressors that are important in habitats diversely impacted by 

anthropogenic sources.  However this same manager may in other instances need to prioritize data collection to 

facilitate the design of field investigations for assessment and monitoring (Linder et al., 2010).  It is for this 

reason that each agency has developed its suite of ERA mechanisms to meet the specific demands made by 

policy and regulation.   

Despite this specificity, EPA’s traditional framework has proven lithe enough not only to satisfy a 

diversity of regulation, from TSCA and FIFRA to the Clean Air Act, but also to serve as a global model for 

ERAs conducted in both governmental and business applications (Chen et al., 2006).   This potentially could be 

due to the framework’s focus on scientifically-tested methods of data collection, processing, and analysis, with 

a more minor role of agency-specific components and tools.  The framework allows for any model to be utilized 

and any group of individuals adequately-trained in scientific method to perform the assessments in virtually any 

environment.  Furthermore, both the traditional and the cumulative risk assessment EPA frameworks include an 

uncertainty analysis, which ensures that the decision-maker is in a highly-defensible position after making a 

selection, a virtue valuable in the scientific, governmental, and business communities.  Yet, if keeping with 

EPA frameworks, the assessor is limited by scale such that the traditional framework and ERAGS are restricted 

by site and population, and the Cumulative Risk Assessment framework cannot be stressor-specific.  

Additionally, only the ERAGS framework gives the assessor options to end the assessment while still yielding a 

product at points prior to the assessment conclusion, while the traditional and cumulative risk assessment 

methods provide usable information only at the culmination of the process.   

The EPA frameworks are a stark contrast to the prescriptive nature of NRCS’ Conservation Planning 

Framework, a feature Hill et al. (2000) describe as limiting the assessments’ potential.  The NRCS evaluation 

and planning process relies very heavily on professional judgment, adaptive management techniques built into 

the process, and agency-specific tools and procedures difficult to learn by non-agency personnel.  While the 
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tools are freely available to the public for use, the framework does not utilize the universal practices of the 

scientific method, and its procedures can be very challenging (Heilman et al., 2004).  Despite these limitations, 

Conservation Planning meets all of NRCS’ ERA needs, and is designed to be used for assessments at any 

geographic scale, to focus on a very specific stressor or multiple simultaneous stressors, to be used with 

particular land uses or ecosystem approaches, and can also deliver a product at any stage in the process.  The 

framework’s products may not be as defensible as EPA or NMFS because of reliance on professional judgment 

of the assessor, but in part because of the previously described Section 1619 rules and the voluntary nature of 

the activities, this is not as critical for the agency because there are far fewer individuals viewing and appraising 

NRCS assessment results than of EPA or NMFS.   

When evaluated as a whole program, NMFS falls between EPA and NRCS in terms of the flexibility of 

its assessment approaches.  IEA and Species Conservation and Recovery Plans could, like EPA frameworks, be 

utilized by any group of individuals trained in the scientific process.  Yet, while the Species Conservation and 

Recovery Plans produce highly defensible results, they are very narrow and limited in applicability.  

Conversely, IEA is broad in scope, unable to focus on specific items within a system, and produces products 

that while scientifically generated, rely more on adaptive management techniques for their defense.  As with all 

NMFS assessments, both IEA and Species Conservation and Recovery Plans yield usable products only at the 

fruition of an assessment.  SAFE reports and FMPs are the least flexible of the NMFS assessments, with 

limitations similar to that of the NRCS framework.  Not only do they focus on specifically named, regulatory 

items, it would be difficult for non-agency personnel to complete the assessments based on the models, tools, 

and data that are required.  However, unlike the NRCS framework and more akin to EPA methods, the end 

products of these two ERA outlines are easily justifiable, making limited use of adaptive management ideas and 

being examined by many within the fisheries arena.   
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Role of Stakeholders and Risk Managers in the Assessment Process 

In 1983, the National Research Council advocated for complete separation of risk managers and risk 

assessors, in order to the preserve the impartiality of the assessment.  It was partially for this reason that the 

EPA framework was developed with such limited interaction between the stakeholders, managers, and the 

assessors.  Essentially only at the problem formulation phase and the risk management phase are the risk 

assessors in direct communication with risk managers or stakeholders.  A recognition of the importance of 

stakeholder involvement was clearly illustrated by Fiorino (1990), but the only levels of involvement suggested 

for the public were cursory endeavors such as public hearings, initiatives, public surveys, and citizen review 

panels.  As Pohjola and Tuomisto (2011) point out, stakeholder involvement or public participation that is 

limited to steps or stages in the assessment process confines the possible influence of participation to only 

certain questions topical at that particular stage.  Keeping the public at a distance from having any palpable 

effect on decision only furthers the views of Arquette et al. (2002) and colleagues, that stakeholders and public 

participants are merely add-ons, providing only context for the risk assessment.   

 Particularly unfortunate for the EPA, this distance robs the agency from any way of tangibly 

synthesizing socio-cultural or economic information into their assessment process.  The more “recently” 

released, Framework for Cumulative Risk Assessment (USEPA, 2003a) strives toward the same end as newly 

promoted by the National Research Council (Amendola and Wilkinson, 2000):  allowing involvement of the 

public in the screening assessment to set priorities that fairly and realistically recognizes the importance of both 

science and values.  This came after recognition that expert risk estimates are influenced by the context of the 

risk and that experts cannot generate any measures that are void of social values.  However, even with these 

provisions, stakeholder and community socio-cultural or economic information does not have a real place in 

assessment decisions or incorporation into risk characterization.  As evidenced by Harmon et al. (2013), though 
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public consultation is now a routine part of most assessment processes, there is little indication of whether or 

how public responses are incorporated.   

 Fletcher (2005) found that by using a qualitative risk assessment method similar to NMFS’ IEA 

framework, where stakeholders are involved at every level, and the social values, data, and priorities were 

allowed to mingle with ecological information, a product with conspicuously higher stakeholder acceptance was 

generated.  De Lange et al. (2010) suggest that one of the simplest ways to incorporate socio-cultural and 

economic values into an ERA is to assimilate any of the several available tools for evaluating socio-ecological 

vulnerability into the framework.  With the exception of Species Conservation and Recovery Plans, NMFS and 

NRCS exemplify this proposal, having incorporated social, cultural, and economic elements into their ERA 

procedures.  Both agencies assess humans as a dynamic part of any evaluated system, and heavily involve their 

target audience in the assessment process.  Moreover, it is particularly note worthy that both NRCS and NMFS 

assessment tools are overseen by a council or board, whose members stem from all sectors of society and all 

stakeholders.  The influence of this governing body may be the key factor encouraging public espousal of risk 

assessment results.   

However, despite the inclusive nature of the NRCS method, the vast majority of NRCS Conservation 

Plans have no stakeholder involvement – only the decision-maker – due to Section 1619 rules. Decision-maker 

approval is inescapable in this context, as the decision-maker and the stakeholder are embodied by the same 

individual.   The NRCS assessment process differs crucially from that of EPA and NMFS in that the decision-

maker is a member of the public, not agency personnel, and the reality that implementation of decisions 

resulting from assessment is completely voluntary.  For agricultural producers, the 1985 Food Security Act 

provides coercion, but does not promulgate adoption.  

Yet within EPA and NMFS processes there are some similarities to NRCS’ decision-maker role and 

privacy stipulations.  While adoptions of EPA decisions are not voluntary, ERAGS  includes a Scientific 



Schaller 34 of 42 
 

Management Data Point (USEPA, 1997) at every step in the process, ensuring that the assessment will be 

conducted in such a way with the decision-maker that adoption is predetermined.  Likewise, the decision-

makers and stakeholders are involved as members of the assessment team in NMFS ERAs, securing acceptance 

of results.  Additionally, the Chemical Safety Information, Site Security and Fuels Regulatory Relief Act 

stipulation regarding information to be released to the public does limit EPA’s transparency, and while it does 

not equal the breadth of Section 1619, it does limit stakeholder involvement in many of EPA’s assessments  

(USEPA and USDOJ, 2000).   

Public Perception 

  Related to stakeholder trust in and willingness to adopt recommendations from a federal government 

agency is the overall public perception of federal administration of ERAs.  During the 1970s and 80s, the Social 

Amplification of Risk Framework (SARF) was popular for predicting how the general public would view risk 

information (Horlick-Jones et al., 2003).  SARF assumed risk transferred to the public in a passive manner 

discounting any associations with symbolism, and assumes that social norms and rules of American society 

were homogenous and would not disturb risk interpretation.  Both the original EPA framework and the NRCS 

Conservation Planning method were developed using these assumptions.  Research has since resoundingly 

concluded that each of the SARF suppositions were inaccurate, and that information related to trust, as 

presented by Frewer (2003), would be more productive for government agencies when communicating risk to 

the public.  Perhaps because of its heavy ties with the fisheries industry, NMFS was in tune with gaining public 

trust early on.  The development of regional councils and inclusion of the public in the assessment processes 

only engenders trust and confidence from society.  Likewise, NRCS operates by partnering with SWCD boards, 

implementations of its assessments are voluntary, and it incorporates the public in its Conservation Planning 

framework and locally-led conservation efforts.  However, for the EPA public trust is hard won, with its 

relatively closed ERA systems and heavily regulatory authority.  Compounding these challenges, the issue of 
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disparities in the assessment methods and management of similar risk by different agencies have led to 

increased public distrust.   

 Kamrin (1997) asserted that federal agencies should all use the same framework for completing risk 

assessments in order to decrease public confusion and distrust in the process.  Vagaries of the political process 

were cited as a reason that no administration ever proceeded with a mandate, combined with the reality that the 

language of legislation allowed for considerable variation in criteria necessary to meet the law’s requirements.  

Conversely, Tschirhart et al. (2005) assert that it is not lack of political capital, but devolution and branding that 

is responsible for each agency’s unique interpretation of the same task.  Devolution involves the implementation 

of indirect policy tools, a shift in responsibility to market-driven nongovernmental providers, and the use of for-

profit management tools, creating an extremely competitive environment for a publicly-funded governmental 

office.  Due to this competition, and because of the encouragement of for-profit management tools, branding 

has developed to compensate, as they create an idea or an image that will be retained by a customer and will not 

be confused with another.  Subsequently, agency ERA frameworks have become part of their brand and part of 

their ability to compete for a slice of the federal budgetary pie.  Compounding all of this, Van de Walle and 

Bouckaert (2003) observed that Americans view some US agencies as existing as discrete entities and not be a 

part of the larger government structure.   

 

Conclusion 

 The ERAs that are produced by NMFS, NRCS, and EPA are more alike than they are different. All three 

agencies have developed ERA frameworks with the flexibility and applicability to meet all agency needs, 

provide accurate information with efficient mechanisms to reduce the impacts of uncertainties on the 

assessment process, and have involved stakeholders and the public in the process enough to provide the 

minimum acceptance necessary for the agency to maintain its performance.  Each framework functions well 
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within its niche, and like the agencies themselves, compliments the ERA work done in scopes outside of its 

realm.  Opportunities to increase flexibility of the frameworks and increase public trust in the ERA procedures 

appear to the be the areas that are most in need of attention, as they are critical for the success of risk 

management and have no self-ameliorating mechanism.    
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