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Mekong River Commission

Ecological Risk Assessment
Training Program

Problem Formulation

Identify ecological 
issues & hazards

Problem formulation

Risk management plan Risk analysis
(assess likelihood & consequences) 

Rank risks

Monitoring & review

Decision to undertake 
risk assessment

Decision process
(Alternative scenarios

Assess options)

Problem FormulationProblem Formulation
• Management objective - What environmental
values to be protected?

• What are the threats or hazards to these
values?

• How to know if a problem exists? What to
measure?  Assessment endpoints

• How do threats relate to the endpoints?
Cause-effect relationships
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PurposePurpose
•• Planning phase that establishes the goals,Planning phase that establishes the goals,

breadth and focus of the risk assessmentbreadth and focus of the risk assessment
•• Key outputs are:Key outputs are:

–– identification of the ecosystem(s) to be consideredidentification of the ecosystem(s) to be considered
–– ecological values to be protected or maintainedecological values to be protected or maintained
–– the stressors or actions that threaten thesethe stressors or actions that threaten these
valuesvalues

–– The issues, effects or hazards that may beThe issues, effects or hazards that may be
caused by these threatscaused by these threats

–– the main measurement endpoint that will be usedthe main measurement endpoint that will be used
to quantify the risksto quantify the risks

•• Needs to be undertaken with Needs to be undertaken with stakeholderstakeholder
involvementinvolvement

Develop system-level
conceptual model

•  Identify key ecosystems likely
to be impacted

•  Identify all land uses in
catchment

Study objectives
Define objectives

Define scope (spatial, temporal)

Ecosystem values
e.g. maintain health of river ecosystem,

including floodplain wetlands

Initial ranking of ecological issues
Identify key ecological issues

Identify important hazard (prepare hazard matrix)
Qualitative ranking of risk to each ecological issues

Develop issue-specific
conceptual models

For high ranked issues

No further
action Undertake quantitative

risk assessment

Low risk Risk uncertain High risk

Problem formulation stepsProblem formulation steps
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StepsSteps

•• Define Define study objectivesstudy objectives
•• Decide on the Decide on the spatial andspatial and

temporal scopetemporal scope of the study of the study
–– e.g. consider in-systeme.g. consider in-system
effects, local effects,effects, local effects,
off-site impacts, oroff-site impacts, or
impacts through the wholeimpacts through the whole
of the catchmentof the catchment

System-
level

conceptual
model

Study
objectives

Ecosystem
values

Initial ranking
of ecological

issues

Issue-
specific

conceptual
models

No
further
action

Undertake
quantitative

risk assessment

Low risk Risk
uncertain

High risk

•• Identify Identify environmental valuesenvironmental values
to be protectedto be protected
•What are these?
•Examples:

– Maintain sustainable fisheries
populations

– Maintain a healthy aquatic
ecosystem

•Who establishes these?
– Government (e.g. Vic EPA)
– Communities

Environmental valuesEnvironmental values

Issue-specific
conceptual

models

System-
level

conceptual
model

Study
objectives

Ecosystem
values

Initial ranking
of ecological

issues

No
further
action

Undertake
quantitative

risk assessment

Low risk Risk
uncertain

High risk
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••Develop an Develop an overalloverall
conceptual modelconceptual model for for
the system within itsthe system within its
catchmentcatchment
-- identify all major landidentify all major land

uses within theuses within the
catchmentcatchment

-- identify the ecosystemsidentify the ecosystems
likely to be at risklikely to be at risk

-- identify the keyidentify the key
stressors likely to bestressors likely to be
associated with theassociated with the
irrigation systems andirrigation systems and
with other land useswith other land uses
within the catchmentwithin the catchment

Issue-specific
conceptual

models

System-
level

conceptual
model

Study
objectives

Ecosystem
values

Initial ranking
of ecological

issues

No
further
action

Undertake
quantitative

risk assessment

Low risk Risk
uncertain

High risk

Conceptual ModelsConceptual Models

• Purpose of system conceptual model
– To identify all major areas & factors that
may contribute to the ecological issues

– To look at the whole system first
– To ensure you don’t miss some important
factors
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Big picture conceptual modelBig picture conceptual model

*

*

*

*
♦

High risk
salinity areas

Irrigation region
Runoff containing

nutrients, pesticides,
sediments, salt

Dryland agriculture
Runoff containing nutrients,
pesticides, sediments, salt

Forest region
Few ecological issues

Key aquatic assets
Rivers & streams
Wetlands
Reservoirs

Lake Eildon
Cold water releases

Barrier to fish

River Murray

Goulburn R

Lake Nagambie
Barrier to 

fish migration

Townships
Sewage & stormwater

discharges
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••Identify the Identify the keykey
ecological issuesecological issues for for
the system beingthe system being
studiedstudied
••TypicalTypical
-- Increase in the frequencyIncrease in the frequency

of blue-green algal bloomsof blue-green algal blooms

-- Increase in the number ofIncrease in the number of
fish killsfish kills

-- Adverse effect ofAdverse effect of
toxicants on fish or macro-toxicants on fish or macro-
invertebrate populationinvertebrate population

-- Reduced primary productionReduced primary production
caused by increase incaused by increase in
turbidityturbidity

Issue-specific
conceptual

models

System-
level

conceptual
model

Study
objectives

Ecosystem
values

Initial ranking
of ecological

issues

No
further
action

Undertake
quantitative

risk assessment

Low risk Risk
uncertain

High risk

• Toxicants (Biocides - herbicides, pesticides, Heavy
metals)
• Nutrients (P, N)
• Organic matter (BOD)
• Salt or salinity
• Turbidity/suspended solids
• Physical changes (e.g. flooding)
• Modification of habitat
• Lack of adequate flows
• Introduced species (e.g. carp, weeds)

Typical stressors/hazardsTypical stressors/hazards
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•• identify measurable identify measurable assessmentassessment
endpointsendpoints for the ecological effect for the ecological effect

•• identify identify hazards, stressors, threatshazards, stressors, threats

•• develop a develop a conceptual modelconceptual model linking the linking the
key hazards (or drivers) with thekey hazards (or drivers) with the
ecological effectecological effect

For each ecological issueFor each ecological issue
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Assessment endpointsAssessment endpoints

• Needed to focus the assessment
• Examples

-Decreases in fish or benthic macroinvertebrate
populations

-Adverse changes in phytoplankton populations
-Adverse changes in aquatic macrophyte community
structure (in wetlands)

-Toxicant-induced impacts on human health due to
the consumption of contaminated aquatic biota

-Unacceptable water quality as perceived by rowers,
canoers, kayakers, motorboat enthusiasts,
swimmers and tourists
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Issue-specific conceptual modelsIssue-specific conceptual models

• Conceptual model
– Linking stressors
& ecological
consequences

– Cause and effect
relationships

Ecological consequenceEcological consequence

Stressor 1Stressor 1

Model

Stressor 2Stressor 2 Stressor 3Stressor 3 Stressor 4Stressor 4
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Cause-effect models

Adverse effects on:
- Terrestrial food resources
- Aquatic food resources
- Drinking water

* Need to be more specific
* Must be measurable
   or predictable

Bige
stockpiles

Tailings & 
waste rock

Natural
sources

Assessment
endpoints

?

Other
ARD sources

% reduction in
species richness

VegetationVegetation
clearingclearing

SalinitySalinity
increaseincrease

DrylandDryland
agricultureagriculture

Flow changes 
Water quality

(e.g. nutrients, 
pesticides

Physical changes
e.g. grazing 
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Key messages
•• Problem formulation phase establishes theProblem formulation phase establishes the

goals, breadth and focus of the riskgoals, breadth and focus of the risk
assessmentassessment
•• Key outputs are:Key outputs are:

–– identification of the ecosystem(s) to be consideredidentification of the ecosystem(s) to be considered
–– ecological values to be protected or maintainedecological values to be protected or maintained
–– the stressors or actions that threaten these valuesthe stressors or actions that threaten these values
–– the main measurement endpoint that will be used tothe main measurement endpoint that will be used to

quantify the values (and hence risks)quantify the values (and hence risks)
–– the cause-effect relationships (conceptual models)the cause-effect relationships (conceptual models)

between threats/hazards and endpointsbetween threats/hazards and endpoints
•• Needs to be undertaken with Needs to be undertaken with stakeholderstakeholder

involvementinvolvement


