
Risk Assessment Framing: 
Define the Questions 

Risk Management 

Risk Assessment 

Analysis Debate 

Perceived risk 
in society 

Legal issues 

Opinions of all 
stakeholders 

Toxicity 
assessment Analysis 

Debate 
Exposure 
assessment 

Field and Lab 
studies 

Uncertainty 
and unknowns 

Opinions of 
stakeholders / 
time‐limited 

Ask for more 
research on 
certain points 

Opinions of all 
stakeholders Debate 

Policy 
Decision 

Feedback 
Adaptation 

Assessment 
questions 

Assessment 
report 
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Risk Analysis Framework


Courtesy of MIT Student. Used with permission.



Research Risk Assessment Risk Management
Needs and 
ConstraintsNeeds 

Laboratory and Field 
Observations 

Field measurements 
Characterization of 

populations 

Multidisciplinary 
cross-examination of risk 

} Toxicity Assessment: 
Hazard Identification 

Dose-Response Assessment 

Exposure Assessment 
Emissions Characterization 

} 

Framing the problem Look at priors 

Development of 
regulatory options 

Evaluation of 
consequences 

Risk 
Characterizatio 

n 

Public Perception 

Identification of areas of 
Uncertainty 

Assessment of Uncertainty 

Risk 
Communication 

Public 
Response 

Agency decision and 
action 

Direct 
Outcome 

Side 
Effects 

Interaction 
Effects 

Integrated ReassessmentIntegrated Reassessment
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Stakeholders 
Risk Communication 

About uncertainty 
Problem Scoping & Formulation 

Input 

Agency 
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Initial
Laboratory
Testing

Initial
Laboratory
Testing

Field
Measurements,
characteristics
of populations

Field
Measurements,
characteristics
of populations

Exposure
assessments/emissions

characteristics

Exposure
assessments/emissions

characteristics

Laboratory
testing

Laboratory
testing

Field
Measurements,
characteristics
of populations

Field
Measurements,
characteristics
of populations

Determination
of use cases

Determination
of use cases

Comparison to
previous

submissions

Comparison to
previous

submissions

Small population
roll‐out – high
monitoring

Small population
roll‐out – high
monitoring

Large population
roll‐out – high
monitoring

Large population
roll‐out – high
monitoring

Large population
roll‐out – low
monitoring

Large population
roll‐out – low
monitoring

Initial Company
Regulatory Agency
Roll Out Stages

Long‐term risk
management in this step

Stakeholder InputStakeholder Input
Policy Options ConsideredPolicy Options Considered
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Mandated, adequate and transparent communication among 
stakeholders , decision makers, and researchers 

Possible 
revision 
within 
blocks 

Possible revision due to 
new information (adaption) 

Courtesy of MIT Student. Used with permission.



Research needs identified from risk assessment process


Research 
• Laboratory and field 
observations 
• Scientific 
measurements 
• Characterization of 
affected population 

Hazard Identification: 
• Toxicity assessment 
• Dose response 
assessment 

Exposure assessment: 
• Emissions 
characterization 
• Effects evaluation 

Risk Characterization 

Stakeholders 
• Science experts 
• Affected population 

Risk Assessment 

Agency decisions and 
actions 

Risk Management 

Development of 
regulatory options 

Evaluate 
consequences of 
regulatory options 

Framing the problem and 
Risk Communication to 
policy makers 

Consult stakeholders on 
proposed regulatory 
options 

Re‐evaluate risks of new policy until agreement 

*Stakeholders includes: science experts, affected p
Courtesy of MIT Student. Used with permission.

opulation and policy‐makers 

between all stakeholders is reached 



Research Risk Assessment Risk Management 

Determine the 
decision to be made 
e.g. What restrictions 
should be placed on the 
use of this chemical? 

Hazard 
identification 
by the public 

Hazard 
identification 
by scientists 

Basic research 
‐Lab and field 
observations 
‐Information on 
extrapolation methods 
‐Field measurements, 
characterization of 
populations 
‐Survey data 

Evaluate 
uncertainties 

Research 
needs 

identified 
from risk 

assessment 
process 

Development of 
regulatory options 

Evaluation of public 
health, economic, social, 
political consequences of 

regulatory options 

Assessment/ 
Characterization 

‐Toxicity 
‐Dose‐response 
‐Exposure emissions 
characterization 
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Lab and Field
Observations

Identify Stakeholders
(non‐Rawlsian
confrontation)

Identify goals of
Policy

Toxicity
assessment and
Hazard
identification

Identify use
and risk of
non‐use

Development of
regulatory options,
Public opinion, impact
on stakeholders

Evaluation of public,
health, economic,
social, political
consequences of
regulatory option

Product into
Market

Problem 
Identification 

Research 
which meets 
the Daubert 
Standard 

Risk 
Management 

Risk 
Assessment 

Deliverable 

Lab and Field 
Observations 

Identify Stakeholders 
(non‐Rawlsian 
confrontation) 

Identify goals of 
Policy 

Toxicity 
assessment and 
Hazard 
identification 

Identify use 
and risk of 
non‐use 

Development of 
regulatory options, 
Public opinion, impact 
on stakeholders 

Evaluation of public, 
health, economic, 
social, political 
consequences of 
regulatory option 

Product into 
Market 

Product 
Monitoring 
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Research / Scientists Policymakers / Legislators 

Risk Characterization Risk Assessment Risk Management


Identify 
Risks 

Formulate 
Problem 

Filter Risks 
(FMEA) 

‐Probability of Occurrence 
‐ Probability of Detection 

‐Severity 

Further Action 
Required? 

Analyze Risks 
‐Dose Response 

‐ Exposure Assessment 
‐ Toxicity Assessment 

Evaluate 
Options 

Proceed 
to 

Analysis? 

Create Policy 
Agency Decisions 

and Actions 

Monitor 

Ready 
to 

Implement? 

Public 
Industry Groups 
Environmentalists 
Citizen’s Groups Courtesy of MIT Student. Used with permission.



General Area of 
Interest 

Choosing an Area of 
Interest 

‐Evaluation of Current 
Situation 
‐Revision of previous 
decisions 
‐New Information 
‐New Interest 

Focus on Specific 
Aspects 

‐Scientific questions 
‐Social questions 
‐Economic questions 
‐Political questions 
‐Decide level of detail 
‐Decide on closure 

Investigations 
‐Communication of 
methods 
‐Considering different 
assumptions 
‐Special effort made by 
experts to improve 
understanding of what 
they’re doing 

Identification of 
New Needs 

‐New questions 

Closure 
‐Acceptable uncertainty 
‐Time and resource limitations 

Decisions and 
Implementation 

Future (or Current) 
Situation 

Courtesy of MIT Student. Used with permission.



Pol icy

Publ ic

Science

Science-
Pol icy

Resear ch
Findings

Resear ch
Quest ions
& Nor ms

St akehol der
Input

Pol icy input

Resear ch 
St udies

Risk Assessment

Exist ing 
Scient ifi c 

St udies

Risk   Management

Devel op 
Regul at or y

Opt ions

Eval uat e
Regul at or y

Impact s

Impl ement
Pol icies

Input s Pr ocesses

Adapt

Risk
Char act er

Courtesy of MIT Student. Used with permission.
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End 
(or iterate) 

Publicly Report 
According to Plan 

Execute Risk Analysis according to Plan 

•Expert body reserves the right to decide if it 
requires more input from DM, otherwise, retains 
autonomy 

Formalization of Assumptions and Concerns 
•DM may involve any and all stakeholders at 
discretion (including expert body) 
•DM must provide answers to value‐laden 
assumptions (VSL, which sub‐populations to 
further research or describe) 

The “expert body” has the right to 
propose, refuse, and publicly request 
clarification and report 

The decision maker is responsible for 
value judgments including which 
stakeholders to involve and how 

Draft Risk Analysis Plan 
•Data Products 
•Methods (including negotiated right to modify as 
appropriate) 
•Draft uncertainty assessment 
•Identification of unspecified assumptions Create a Formal 

Request for R.A. 

Identification of 
Knowledge Gap 

Request for clarification and 
objections to proposed plan 

Optional 
“clarification loop” 

Courtesy of MIT Student. Used with permission.



Handling of uncertainty

Inform public & compile
its input

Identify conflicts of
interest

Basic
Research

Risk
Management

Risk
Assessment

Risk Characterization

Toxicity assessment: hazard
identification and dose response

assessment

Exposure assessments emissions
characterization

Agency decisions and actions

Development of Regulatory Options

Evaluation of public health, economic,
social, political consequences of

regulatory options

Cyclical Risk
Assessment
Process

ESD 864


Basic 
Research 

Risk 
Management 

Risk 
Assessment 

Laboratory and field observations 
Information on extrapolation methods 

Field measurements, characterization of populations 

Research needs 
identified from risk 
assessment 
process 

Science & Policy 
integration 

Collaborative 
definition and 
refinement of 
research goals 

Cyclical Risk 
Assessment 
Process 

Planned 
adaptation 
policies: new 
research needs 
to reduce 
uncertainties 

Basic 
knowledge 
used for 
assessment 
and 
identification 
of inherent 
uncertainties 

Handling of uncertainty 

Inform public & compile 
its input 

Identify conflicts of 
interest 

Risk Characterization 

Toxicity assessment: hazard 
identification and dose response 

assessment 

Exposure assessments emissions 
characterization 

Agency decisions and actions 

Development of Regulatory Options 

Evaluation of public health, economic, 
social, political consequences of 

regulatory options 

Courtesy of MIT Student. Used with permission.



Risk Assessment Framework

Preliminary 
Identificatio n 
‐hypothesis of risk 

‐stakeholders 
‐alternatives 

Communication/Discussion 
‐stakeholder feedback 

‐focus on risk and at least one alternative 
‐define and understand needs 
‐consider new developments 

Risk

A
lternative 

Gather Data {lab, field, literature, demographics, etc} 

Analyze Data {characterize, set thresholds, report, etc} 
[m

odified]
Risk

[m
odified]

A
lternative 

Policy 
Decisions 
and Actions 

Exit from loop after 
>= 1 iteration, 
Most likely 
determined by time 
pressures 

Courtesy of MIT Student. Used with permission.



PROBLEM RISK RISK 
FORMULATION ASSESSMENT MANAGEMENT 

• Laboratory, field 
observation and 
stakeholders opinion. 

• Definition of a clear 
set of options for 
decision making. 

• Clarify questions risk 
assessment should 
address and desired 
outcomes. 

Decision makers,

Risk analysis specialist,

interested and affected

parties.


Hazard 
Identification 

and 
characterization 

. 

Exposure 
Assessment 

Uncertainty 
and 

Variability 
Analysis 

Risk Characterization 

Utility 
No Yes 

• Benefit analysis of 
proposed options. 

• Evaluation of the 
decision in terms of 
benefits, costs, 
uncertainties and 
public perception and 
valuation. 

RISK 
COMMUN ICATION 

• Emphasis in 
communication to the 
public. 

Model based on framework proposed by “Science and Decisions”, 2009 

Courtesy of MIT Student. Used with permission.



Tools and Methods


Make Hypotheses 
Run Experiments 
Collect Data 

Test Hypotheses 

Risk Assessment: 

Risk Management 

1. What can go wrong? 
2. What is the likelihood? 
3. What are the consequences? 
4. What is the time domain? 1. What can be done? 

2. What are the tradeoffs among 
relevant costs, benefits, and risks? 

3. What are the impacts of current 
decisions on future options? 

Set Goals and Objectives 

Risk Characterization: R = f(C, V, T) 

Pr
io
ri
ti
ze

 

Research: 

Implement Programs 

Risk 
Communication 

Feedback from 
Stakeholders 

Expert Elicitation 
Fault Tree Analysis 
Monte Carlo Simulation 
Distribution Fitting 
Bayesian Updating 

Decision Trees 
Multi‐Criteria Decision 
Analysis 
Risk Filtering and Ranking 
Cost‐Benefit Analysis 

Aleatory 
Uncertainty 

Epistemological 
Uncertainty 

Courtesy of MIT Student. Used with permission.



Research Design and Planning:
Make sure the complexity and design of the risk assessment is

consistent with the goals of decision‐making.

Risk Assessment:

Toxicity Assessment:
Hazard Id and Dose‐
response Assessment

Exposure Assessment

Risk Characterization

Risk Management:
Evaluate health/social/economic/environmental
benefits and consequences of potential risk

management alternatives in order to reach a decision

Assessment Evaluation:
Determine whether the assessment was useful; in particular,

for deciding among risk management options.

Issue Framing and Scoping:
Identify the possible risk management alternatives for
consideration, and the types of analyses needed to

evaluate and decide between options

Research Design and Planning: 
Make sure the complexity and design of the risk assessment is 

consistent with the goals of decision‐making. 

Risk Assessment: 

Toxicity Assessment: 
Hazard Id and Dose‐
response Assessment 

Exposure Assessment 

Risk Characterization 

Risk Management: 
Evaluate health/social/economic/environmental 
benefits and consequences of potential risk 

management alternatives in order to reach a decision 

Assessment Evaluation: 
Determine whether the assessment was useful; in particular, 

for deciding among risk management options. 

Issue Framing and Scoping: 
Identify the possible risk management alternatives for 
consideration, and the types of analyses needed to 

evaluate and decide between options 

Involve stakeholders, 
decision‐makers, risk 
assessors early In process 
to determine best design 
of assessment that will 
address the identified 
issue. 

Communication/Transpare 
ncy of uncertainty at all 
key 
steps of process 

Courtesy of MIT Student. Used with permission.



dose-response 
assessment 

Risk 
characteri-

zation 

exposture assessment 
emissions characterization 

research 
needs 

laboratory and 
field observations 

Information on 
extrapolation 

methods 

field measurements, 
characterization of 

populations 
Decision Action 

Development of 
regulatory options 

Evaluation 

- public health 
- economic consequence 

- social consequence 
- political consequence 

Hazard 
identification 

RISK ASSESSMENT 

RISK MANAGEMENT RESEAECH 

Risk Assessment Model 

ESD.864 Problem Set #2-1 

Science Policy 

Courtesy of MIT Student. Used with permission.



Research Risk Assessment Risk Management


Identifying process of study, 
methods, etc. 

Obtaining and 
extrapolating data for 
results 

Verification and conclusions – 
packaging research for decision 
making process 

Development of regulation options Toxicity assessment: hazard 
identification and dose response 

Evaluation of social, economic and 
political consequences 

Final decision and actions 

Exposure assessment and 
characterization 

Stakeholder 
and participant 
involvement 

Understanding 
goals and 
objectives 

Risk 
character‐
ization 

= Research 

= Influencing and influence by 
= Risk Assessment core factors 

= Core communication stages/factors 

= Risk Management = Primarily one way flow/progress 

Courtesy of MIT Student. Used with permission.



Analysis and Deliberation 
at Every Step of Risk Analysis 
Deliberation 
•Broad group of interested and affected parties 

•legislators, judges, industry groups, environmentalists, citizens' 
groups, and a variety of others 

•Offer perspectives and specialized knowledge 

Analysis 
•Relevant expert community 

•Science, math, logic, law 
•Responsible agency 

Policy 
•Make decisions 
•Reflect on 
reactions 
•Implement Courtesy of MIT Student. Used with permission.
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