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A Decision Support System to assess effects of 
management scenarios on flow-related aspects of 
the Murray River System ecology.



MFAT (Murray Flow Assessment Tool)

A Decision Support System to assess effects of 
management scenarios on flow-related aspects of 
the Murray River System ecology.
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• Murray-Darling Basin
• The Problem of Modified Hydrology 

(Diversion and Regulation)
• The Living Murray initiative



Murray-Darling Basin

• river system length 3780 km
• area ~1,000,000 km2 (14% of Australia)
• significant on global scale, but 

characterised by comparatively tiny 
discharge and extreme variability: 
droughts and floods

• covers large range of different climates 
and ecosystems



Surface Discharge
in the Murray-Darling
Basin (MDBC, 2003)



Basin
statistics

• 11% of Australia's 
population

• 70% of national 
agricultural land 
and water usage

• 40% of national 
gross value of 
agricultural 
production

The scope of The Living Murray initiative
is actually the River Murray System and

Key Tributaries , which excludes the
upper Darling (Queensland).

photo: John Baker



Snapshot of MDB River Condition 
(Norris et. al., 2001)

• 40% of river has "significantly impaired" biota

• 10% of river has "severely impaired" biota
• 95% of river has "degraded” environmental 

condition
• 30% of river is "substantially modified"
• native fish populations at 10% of natural levels 

and declining (MDBC, 2002)



The Problem of Modified Hydrology 
(Diversion and Regulation)



The 1994 Cap

• prevents further 
growth in water 
usage

• states responsible 
(federal financial 
penalties)

• but doesn't improve 
the situation



Water Use (off-stream)

7.9%Rural
(domestic & livestock)

0.5%Commercial

0.6%Industrial

2.6%DomesticDomestic 
& 

Industrial

12.6%Horticulture

28.2%Crops

47.6%PastureIrrigation

source: MDBC



The Living Murray 
initiative

• "a healthy River Murray system, sustaining 
communities and preserving unique values”

• "assessment of costs and benefits 
(environmental, social, economic) of 
retrieving 350, 750 and 1500 GL for 
environmental flows." (Young)

• extensive community consultation process
• politically very hot (Labor/ACF vs. Govt/NFF, 

threats of $50b compensation from farmers)



The Living Murray initiative:
organisation

Murray Darling Basin
Ministerial Council
(states and federal)

Murray Darling Basin
Commission

(MDBC)

Scientific
Reference

Panel
(SRP)

Socio-Economic
Reference

Panel
(SERP)

Community
Reference

Panel
(CRP)

Implementation

Water Sharing
(HLWGWS)

other MDBC projects:

• Sustainable Rivers Audit
• Native Fish Strategy
• Salinity projects
• etc…



Scientific Reference
Panel (SRP)

CRC for Freshwater
Ecology (CRCFE)

CSIRO
Land & Water

Regional Evaluation
Groups (REGs)

report

(science)

(MFAT
development
& science)

(MFAT usage 
within zones)

(MFAT usage 
across zones 
& hydrological 
assessments)

Prof. Gary Jones

Dr. Bill Young Sue Cuddy John Coleman

Note: Gary and Bill 
are also on the SRP



• MFAT used separately by REGs
across 10 zones (Goulburn to be 
confirmed)

• report to SRP, further assessments 
including entire system

source: MDBC
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• MFAT
• Hydrological Simulation

• Floodplain Hydrology model
• Floodplain Vegetation Habitat Condition model

• Native Fish Habitat Condition model
• Other Models

• Implementation
• Explore

• Limitations



MFAT
• "a structured, transparent and repeatable 

method of assessment" (Young)
• knowledge derived from interviews with 

ecologists and scientific literature
• modelling primarily by Dr Bill Young, an 

environmental flows expert
• based on EFDSS, a 3-year development 

between CSIRO and Environment Canada 
(using RAISONTM)



MFAT

• outputs semi-quantitative indices from 0 
(intolerable) to 1 (ideal)

• captures evidence and confidence for each 
parameter

• most parameters are preference curves defining 
acceptable ranges of
– hydrological factors
– timing/duration factors

• many parameters are specific to 
each group-locality; some are 
scenario-specific
– lots of parameters!



MFAT

BIGMOD or other
hydrological model

DB

Floodplain Hydrology

Explore

Native Fish

Algal Blooms

Wetland Veg.

Floodplain Veg.

Waterbirds

weights

Usage
Pattern



Hydrological Simulation
• MDBC's model --

includes management, 
structures, storages, 
diversions

• 13 scenarios run using 
historical climate data 
(108 years)
– natural, current, reference 

(93/94), actual
– 3 operational & structural 

variations for each of the 3 
e-flow volumes

• different scenarios for 
Murrumbidgee

• each river section
approximated by a 
single daily time series

• some salinity modelling



Floodplain Hydrology model
• models water balance in complexes of 

floodplains, wetlands, lakes, billabongs
• takes in overbank flow from river sections
• storages connected through “pipes”
• evaporation based on 

climate data

• inundated areas 
calculated from 
volume-area 
relationship
(piecewise linear)



Floodplain Vegetation Habitat Condition model

• Adult Maintenance Habitat 
Condition (AHC)
– coproportional to indices of 

Flood Timing, Inundation 
Duration, Inter-flood Dry 
Period

– each has one value per 
inundation event (>50% area)

– maximum 
taken as annual value

– Flood Memory: counter of 
“good” and “bad” years 
(thresholds of AHC* )

–

• forest, woodland, 
shrubland, grassland

• run on floodplain 
storage volumes/areas

3
* DPFDFTAHC **=

4 FMDPFDFTAHC ***=



Floodplain Vegetation Habitat Condition model

• Recruitment Habitat 
Condition (RHC)
– germination (previous year)

• required flow sequence: 
inundation followed within 30 
days by dry

• seasonal timing of this occurring

– seedling establishment
• value of each event 

coproportional to Inundation 
Depth (median), Inundation 
Duration

• annual value is best event

–

• forest, woodland, 
shrubland, grassland

• run on floodplain 
storage volumes/areas

3
1-**= nnn GTDDIDRHC



Native Fish Habitat Condition model

1. Flood spawners (Spawn and recruit 
following flow rises. Major spawning occurs 
during periods of floodplain inundation.)

2. Macquarie perch (Require clean gravel 
substrate. Floodplain inundation not required, but 
spawn and recruit following flow rises.)

3. Wetland specialists (Spawn and 
recruit in floodplain wetlands (and lakes, 
anabranches and billabongs) during in-channel 
flows.)

source: Young (2003)



Native Fish Habitat Condition model

4. Freshwater catfish (Spawn in coarse 
sediment beds (usually sand or gravel) during 
any flow conditions.)

5. Main channel generalists (Spawn 
and recruit in high or low flow in the main 
channel.)

6. Main channel specialists (Spawn 
and recruit under high or low flow in the main 
channel. Woody debris important habitat 
attribute.)

7. Low-flow specialists (Spawn and 
recruit preferentially during low flow (channel or 
floodplain habitats).)

source: Young (2003)



• Waterbird Habitat Condition
– Runs on floodplain complexes
– Breeding: floods, rate of fall, 

nesting vegetation
– Foraging: water depth & 

variability

• Wetland Vegetation Habitat 
Condition
– Adults: depth range, duration, 

rate of change
– Recruitment (edge): 

drawdown-rewetting sequence
– Recruitment (open water): 

depth timing



Algal Bloom model
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• stratification in weir pools
• mixing criterion based on 

flow vs. thermal energy 
inputs and turbidity 
(Bormans & Webster, 
1997)

• exponential population 
growth when stratified; 
exponential decay when 
well-mixed

• daily cell counts define 
“alert levels”



Implementation

• For specific purpose, specific users: not a 
generic system, though could be adapted

• C# .NET (Java clone) for new programs
• VB 3 (yuck) for old programs, modified
• Microsoft Access databases

• loads whole BLOBs (~300KB) rather than 
buffering – assumes reasonable cache 
size.



Code time in NFHC model
Pentium 4M 2.2GHz

Total: ~5.5 seconds, or ~4.7 if running all groups

27%1500msOutput storage (all subindices)

29%1600msModel computation

27%1500msGroup overhead
• Load parameters, pref curves
• Initialisation

14%800msLocality/Scenario overhead
• Calculate flow percentiles
• Calculate flood return periods
• Load parameters

2%130msLoad time series data



Comments
• very far from optimised code, especially data 

handling

• important model operations:
– preference curve evaluation (interpolation)
– flow percentile evaluation
– calculating medians (and medians of medians…)

• often favoured maintainability/clarity over 
performance: specifications change!

• of theoretical interest: highly parallelisable
– each scenario/locality/group independent
– over time: if not dependent on history



Explore: aggregating and analysing

• aggregation
– spatial (localities, zones, 

system)
– ecological (groups, models)

• weighted sum of time 
series

• keeps track of confidence 
levels attached to each 
group-level output
– weighted confidence is 

reported for aggregated 
assessments



Limitations: Validation
• inherently difficult to validate ecological 

models, especially on this scale
• lack of data
• incomplete knowledge of ecology / 

environment interactions
• based on expert knowledge & judgement
• limited validation/calibration

– eg. using “actual” scenario against known 
floodplain inundations



Limitations: unmodelled factors
• nutrient loads, sediment, dissolved oxygen
• salinity impacts
• ecological interactions

– incl. primary productivity, nutrient cycling

• population dynamics
• habitat connectedness (landscape scale)
• pest/weed species
• general biodiversity rather than specific 

groups (indicator/keystone species?)



The Future of MFAT

• report to Ministerial 
Council in November

• may become part of 
CRCCH’s Catchment
Modelling Toolkit?

• expand models: new 
science from CLW & 
CRCFE

• link to economics?

River Red Gums at Mildura: John Baker


