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Mekong River Commission

Ecological Risk Assessment
Training Program

Problem Formulation

£an Water Science

Pry. Lid.

Decision to undertake
risk assessment

Problem 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?

@—effec’r relationships /é pisks
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Risk analysis

s likelihood & consequences)
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Pureose

Planning phase that establishes the goals,
breadth and focus of the risk assessment

Key outputs are:
- identification of the ecosystem(s) to be considered
- ecological values to be protected or maintained

- the stressors or actions that threaten these
values

- The issues, effects or hazards that may be
caused by these threats

- the main measurement endpoint that will be used
to quantify the risks

Needs to be undertaken with stakeholder
involvement

Problem formulation steps

Study objectives
Define objectives =
Define scope (spatial, temporal) N Develop sysfem level
conceptual model
* + Identify key ecosystems likely
to be impacted
+ Identi Il land i
Ecosystem values ] [dermfy el land uses in
e.g. maintain health of river ecosystem,
including floodplain wetlands
Initial ranking of ecological issues Develop issue-specific
Identify key ecological issues P
Identify important hazard (prepare hazard matrix) - COI’ICCP"'UO' models
Qualitative ranking of risk to each ecological issues For high ranked issues

v

Lou‘; 'risk Risk lncerfain Hight risk

No further A 4
action ‘ Undertake quantitative

risk assessment
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® Define study objectives Study
° . . objectives System-
Decide on the spatial and v Yovel
temporal scope of the study e, B
values
-e.g. consider in-system v
effe local effe
ff cts, loca ffects, nitial ranking 4_‘ e ]
off-site  impacts, or e ] copeephi
impacts through the whole models
of the catchment
Louir'isk Rigk High risk
urierfain i
No
further Undertake
action quantitative
risk assessment

Environmental values

® Identify environmental values | sty

to be pr‘O'l'eC'l'ed objeiﬁves S)isfevln-
eve
® What are these? Ecosyster +— IRt
°® values
Examples: v
- Maintain sustainable fisheries .. ranking  Tssue-specific
populations of ecological co;t;z;;fltsml
- Maintain a healthy aquatic =
ecosystem

® Who establishes these? L°Wl”'5k Rflk Hﬂf risk

ungertain
- Government (e.g. Vic EPA) No
. further Undertake
- Communities action quantitative

risk assessment
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Develop an overall
conceptual model for
the system within its
catchment

- identify all major land
uses within the
catchment

- identify the ecosystems
likely to be at risk

- identify the key
stressors likely to be
associated with the
irrigation systems and
with other land uses
within the catchment

Study
objectives System-
] level
v conceptual
Ecosystem ¢—  model
values

Issue-specific
conceptual
models

Initial ranking
of ecological 4=
issues

Low|risk Rigk High risk
ungertain

No
further
action

Undertake
quantitative
risk assessment

Conceptual 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 model

Key aquatic assets
Rivers & streams

Wetlands
Reservoirs

High risk
salinity areas

Irrigation region
Runoff containing
nutrients, pesticides,

® Townships
5 (=S N S;wage & stormwater
; §§‘ i ‘ discharges

Lake Nagambie
Barrier to

fish migration g Wi A 4
‘ adinis \ 5

Dryland agriculture X
Runoff containing nutrients, P i
pesticides, sediments, salt m
o
Forest region
Few ecological issues i Lake Eildon
MR Cold water releases

Intermittent
Sewage outflow

Mekong River

Boeng Purig

Dyke surrounds
the city

Flow into the
Tonle Sap River
Jul-Sept

Flow out of
Tonle Sap River
Oct -Feb

Continuous
Sewage outflow

@ Neak Luong
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®Identify the key

ecological issues for Study
. objectives System-
the system being f yetem
i v conceptual
.S'h.ldled Ecosystem ¢—  model
. |
Typical i
- Increase in the frequency * .
of blue-green algal blooms Initial ranking S suepsceliic
9 g of ecological 4= C°"C‘ZP1I'“°I
- Increase in the number of issues models
fish kills
B Ad\{erse effec.f of Lowlrisk Rifk  Hidh risk
toxicants on fish or macro- unkertain
invertebrate population No
duced bri ducti further Undertake
- Reduced primary production action TR R
caused by increase in risk assessment

turbidity

TZEicaI stressors/hazards

® 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)

Water Science Pty Ltd, Australia - June 2006



MRC Ecological Risk Assessment Training Course - Workshop 1

Tahle 1: Chacklist of polential off-site ecological issues associated with imigation systems. * Acceplance
trileria would need to be developed lo datermine what level of reduction in biodiversity is acceptable.

Aty

Hazard Threat/Stressor

Potentlal ecologlcal sffect

Flow-related

¥

Changed flow regimes & reduced
flows

Barmier (weirs, dams)

Poor water quality (low temperature
low disgolved oxygen)

Meduced odvarsity” - Intereras with
braeding cyclas, logs of habitat
Feduced D'ﬁlﬂ'\'&l"iﬂ}' - Interferes with
fish r"ugratmn

[ oolciy to figh, allen spacies take aver
(.. trou)

Lontaminants

Increazed nutnents (P, N)
Increased toxicants (blocdas, heawy
metals)

Increased turbadity and suspendad
parteculate mattar

Increased frequency of algal blosms
Reduced biodiversiy - dus to toxic
affacls

Reduced prmary production, smather-
ing of berthic habitat

Salinity

Increased salnky

Feduced tiodvarsily dus 1 loxic &f-
fects on aquatic biota and temestrial
plants

For each ecological issue

® identify measurable assessment
endpoints for the ecological effect

® identify hazards, stressors, threats

® develop a conceptual model linking the
key hazards (or drivers) with the
ecological effect

Water Science Pty Ltd, Australia - June 2006




MRC Ecological Risk Assessment Training Course - Workshop 1

® Examples

Assessment endpoints

® Needed to focus the assessment

-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

Table 2:

Examples of different ecological effects and assessment endpoints used to assess the
risks to ecosystem values. * Desirable at this stage to also nominate how the particular
change will be measured (see Section 4.3 and Box 12).

Ecosystem values

Ecologlical effects

Assesament endpoints®

Protecton of wetland health

*Loss of biodiversity due to In-
creased salmnity

* Reducbon v the abundance and
diversity of macrolnvertebrates

* Reducbhon v the abundance and
diversity of finging macrophyte
wagetation

* Loss of aquatic macrophytas dus
to changes to the flow

* Reducbhon i the abundance and
diversity of macrophytes

Protecton of river health

* Feduction i natve fish numers
due 12 cold water releases from a
Faservair

* Reduchon i the abundance and
diversity of native fish

* Toxicity to beoda due to pesticide
runaff

* Reducbhon i the abundance and
diversity of native fish

* Reduchon i the abundance and
diversity of macrolnvertebrates

* Blug-graen algal blooms due o
Increased nutrient release from an
Irigation araa

= Increased frequency of cyanobac-
terial blooms, measured as the
number of days the cyanobactena
cell numbers were =15,000 cells!
mbL

* Loss of & thweatened species due
to loss of n-stream and rparian
habitat

* Declineg in the populaton sie of
the threstenad spacies
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Tabla 3: Hazard-effect matrix showing the environmental values for Haltah-Kulkyne National Park
and the potential threats (hazards) to those values (Carey et al., 2004). Cross dencles
possible interaction between value and threat, with X' indicating strong interaction and 'x’'
weak. Highlighted cell denotes interaction considered in the next stage of the assessment.
Emidronmental Values Potential Threats
$ . 3
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E E 5§ I 2 B % 5 a =
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5 P . % £ F F , 8 F » 3§
a £ & £ £ & € 3 e £ = =&
g = = E g g9 = = =
i = § g £ E & = § E B £
gt ¢ 8 ¥ B 8 3 L 8 8 % 8
- O 0 £ E £ I w @ & £ 4
Aivarne woodlands % X X Il X n XA X EA
Fow Bsted communities in Pina/BulokelBalsh complax | 36 X X X X X X X
Wialles fiored x X X ¥ X ¥ X X
Hegent parrd ¥ x X X X X X X ¥ X X
Lizards X B X . ¥ X X
wialles bird community ¥ X X X x X X X XES KX X
‘Wildemizes values X X X ¥ ¥ X X X X X
‘Wetlands X X ¢ X X ¥ X X B X X
Ol growtheyouny mallee mosise ¥ X X [ X x X
Auailaba ity of hollmwbeanng tees X X X X X X ¥ X X

Issue-specific conceptual models

® Conceptual model @ @ @ @
- Linking stressors \ * ‘ /

& ecological
consequences

- Cause and effect
relationships @

Ecological consequence
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Cause-effect models

Other Tailings & Natural
ARD sources| | waste rock sources

Bige
stockpiles

Adverse effects on:

- Terrestrial food resource
- Aquatic food resources

- Drinking water

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

|

Assessment
endpoints

Vegetation
clearing

Dryland
agriculture

Salinity
increase

% reduction in
species richness
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Organic matter
Agricultural areas

Flow/strat'n

Ed

Organic matter
Agricultural areas
|

v
Pesticides/
Heavy m etals
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Sewage/stormwater Organic matter
Vientaine/Nongkhai Agricultural areas
|

]
e,
/: a..,..;-......,.".“.&
Wﬂ""i’_“: qu_aJ ity Habitat Temp | |Flow/Flooding
i N :
Toxicants DO )

Trag Yay *3 ' " ‘
Fish passage

L]
e
.

v

Fish production

Key messages

Problem formulation phase establishes the
goals, breadth and focus of the risk
assessment

Key outputs are:

- identification of the ecosystem(s) to be considered
- ecological values to be protected or maintained

- the stressors or actions that threaten these values

- the main measurement endpoint that will be used to
quantify the values (and hence risks)

- the cause-effect relationships (conceptual models)
between threats/hazards and endpoints

Needs to be undertaken with stakeholder
involvement

Water Science Pty Ltd, Australia - June 2006



