Moonie River Basin Source
Model Calibration
January 2019

Department of Environment and Science

Prepared by
Queensland Hydrology
Science and Technology Division
Department of Environment and Science
GPO Box 2454
Brisbane Qld 4001
© The State of Queensland (Department of Environment and Science) 2019
The Queensland Government supports and encourages the dissemination and exchange of its information. The
copyright in this publication is licensed under a Creative Commons Attribution 3.0 Australia (CC BY) licence

Under this licence you are free, without having to seek permission from DSITI, to use this publication in accordance with
the licence terms.
You must keep intact the copyright notice and attribute the State of Queensland, Department of Environment and
Science as the source of the publication.
For more information on this licence visit http://creativecommons.org/licenses/by/3.0/au/deed.en

Disclaimer
This document has been prepared with all due diligence and care, based on the best available information at the time of
publication. The department holds no responsibility for any errors or omissions within this document. Any decisions made
by other parties based on this document are solely the responsibility of those parties. Information contained in this
document is from a number of sources and, as such, does not necessarily represent government or departmental policy.
If you need to access this document in a language other than English, please call the Translating and Interpreting
Service (TIS National) on 131 450 and ask them to telephone Library Services on +61 7 3170 5725

Citation
DES (2019), Moonie River Catchment Source Model Calibration (Draft), Queensland Department of Environment and
Science.

Acknowledgements
This report has been prepared by the Department of Environment and Science. Acknowledgement is made of the many
people need to be acknowledged for their work on this project:





Hydrographic staff for the assistance provided relating to hydrographic data.
the Environment Resource Sciences, Spatial Information and Mapping Group for their assistance in production
of report plans and printing of reports.
the Environment Resource Sciences, Climate Impacts & Natural Resource Systems Group for providing rainfall
and evaporation data.
Water Planning staff in Brisbane for their ongoing support during the development of the IQQM models.

January 2019

Hydrology Report Number 417201.PR/2

Executive summary
A daily flow model of the Moonie River system to GS417001 Moonie River at Gundabloui has been
developed using the Source modelling platform. The Source model is a hydrological system
simulation model that operates on a daily time step. A full description of the model can be found in
Appendix A.
The Moonie hydrological model was developed for the review of the Water Plan (Moonie) DNRM
(2003). This report describes the process and results of the system calibration undertaken.
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1 Introduction
A daily flow model was developed for the Moonie River Basin. This report contains details on the
development of the model. A map of the catchment is shown in Figure 2.1.
The model was developed for the Generation 2 Moonie Water Resource Plan. Source version
4.1.1 and prior versions were used for the development of the models. A description of the Source
model can be found in Appendix A.
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2 Moonie Basin Description
The Moonie River basin is located in south-west Queensland and is part of Australia’s largest river
system, the Murray–Darling. The catchment area to the Barwon/Moonie junction is 14,995 km2,
while the total area coved by the model to Gundabloui gauge (GS 417001) in NSW is 14,877
square kilometres. The total area at Fenton gauge (GS 417204a) which is the last gauge in Qld. is
13,898 square kilometres.
Figure 2.2 shows the gauges and the subarea distribution used for modelling.
The catchment is flanked by the Condamine–Balonne River basin to the north and west and the
Border Rivers basin to the east. The principal stream is the Moonie River which terminates at its
junction with the Barwon River approximately 50 km downstream of the Queensland/New South
Wales border.
The river’s source is 475 km upstream of the border in the hills west of Dalby. The Thomby Range
provides a catchment divide to the north. There are numerous streams feeding the Moonie River,
none of which are considered major tributaries.
The upper reaches of the catchment are contained within the Marmadua State Forest and lie in the
range of elevation 1,000–1,250 metres above sea level. The lower part of the catchment along the
Queensland/NSW border is around 600 metres above sea level.
In the Moonie catchment the rainfall is low and varies little across the catchment. The mean annual
rainfall varies from 650 mm/a in the upper catchment to 450 mm/a on the lower southern flood
plain.
There are no major urban centres in the catchment. However, there are several small settlements
including Thallon, Nindigully, Westmar, Weengallon, Daymar and Moonie.
The Moonie River basin does not have any major reservoir and is an unregulated system.
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Figure 2.1 Moonie River Basin Map
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Figure 2.2 Moonie River Basin (stream gauge stations and model reaches)
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3 Model Development Methodology
This section describes the methodology used to develop a Source model.

3.1 Summary of the Model Calibration Process
Development of a catchment model comprises the aggregation of a series of component parts
developed individually using a staged, sequential approach.
The catchment model is developed following a series of steps:
1.
2.
3.
4.
5.
6.
7.

data collection and preparation
reach calibration and record based inflow sequence derivation
Sacramento model calibration
full length inflow sequence derivation
final inflow sequence derivation
model validation
system operation calibration.

Figure 3.1 shows the model development process. The following sections describe these steps in
more detail.
3.1.1

Data Collection and Preparation

The initial stage of model development is the acquisition and collation of data required for the
hydrological representation of the catchment. This stage includes the derivation of historical stream
flows and water use behaviour if they are required. Information from pre-existing models is also
considered as basic data. Models are developed using the most current available data. For sites
with major storages, a back calculation technique referred to as a storage inflow derivation (SID) is
performed.
Water use behaviour simulation is based on metered diversion data. If there is no recorded water
use data available, it is assumed to be zero.
3.1.2

Reach Model Calibration and Record Based Inflow Sequence

Discrete reach models are defined by locations with recorded stream flow data from gauging
stations and are either “headwater reaches” defined by a gauging station with no further upstream
gauging station, or “residual reaches” defined by a gauging station and the nearest upstream
gauging station(s). These discrete reach models form the basis of the final aggregated catchment
model.
For headwater reaches, reach inflows are based on the recorded data at the stream flow gauge.
The process for deriving a residual reach inflow via calibrating a residual reach is described below.
1. A Source model is set up for a reach including recorded inflows from upstream catchments,
historical extractions, and inflows from subareas in the reach (initially set to zero). To obtain
a continuous upstream data sequence missing data are left blank.
If the downstream site is a storage the Derived Storage Inflows are used as the downstream
record. For sites with major storages, a back calculation technique referred to as a storage
inflow derivation (SID) is performed. A SID is carried out to estimate inflows to a water
storage using a mass balance method based on recorded water level fluctuations, rainfall,
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evaporation and seepage loss, extractions from the storage and storage releases and
overflows. The SID process is data dependent and requires data of sufficient length and
accuracy to provide a method for the estimation of inflows to the storage. Spurious inflow
estimates caused by inconsistencies between storage data, storage level volume tables and
rounding errors in measurement are minimised via a smoothing process “NEGFLO6S”
incorporated outside the Source that can provide more realistic daily inflow estimates while
preserving the overall water balance.
2. Lag and routing parameters are then calibrated to give the best overall reproduction of flows
at the downstream gauge.
Flows from the upstream gauges are routed and compared with recorded events at the
downstream gauge. The non-linear lag and route procedure is used for the routing applied
at the links between nodes. Routing is performed upstream of any residual inflows, such
that when the residuals are calculated and put back into the model, no routing occurred on
the residual flows to lessen the peaks downstream. Routing should remain the same over
the whole period of record, barring major changes to the system such as infrastructure.
The model routing parameters are adjusted until there is reasonable correspondence
between the time of arrival and the shape of the hydrographs. Special attention is placed on
the flood events where the recorded downstream hydrograph is less than or comparable
with the upstream hydrograph.
3. Following the calibration of the routing parameters a residual loss on the upstream inflows is
developed by comparing upstream and downstream flows in dry periods where inflows are
not expected. These are added to the model below the routing. In some cases there may be
flood breakout channels. If these exist and are apparent in the flow records (during flood
events the downstream flow is lower than the upstream flow) an attempt is made to include
them in the model either using available data or by estimating the losses occurring in large
flood events using the flow data.
4. Next the local catchment inflow is estimated by subtracting the daily simulated flow from the
recorded downstream flow at the gauge. During this process negative inflows can be
produced where the routing in the model does not exactly match the actual stream flow
behaviour. Setting these negative flows to zero can cause the final model to predict
downstream flows that are significantly higher than the measured flows.
The NEGFLO6s program is used to subtract the modelled flows from the measured flows to
give the residual inflows. The program sets any resulting negative flows to zero and then
reduces the positive flows in proportion to the flow to maintain the water balance.
The program allows the specification of a flow threshold so that only flows above the
threshold are adjusted for the negative flows. Further details regarding the NEGFLO6s
program can be found in Appendix E.
This sequence is adopted as the estimated pre-development inflow for the reach. If the
upstream or downstream gauge records are missing, the record based residual inflows will
have missing values on those missing days.
5. The Source model for the reach is re-run with estimated residual inflow (from step 4) and
the simulated flows at the gauge are compared with the recorded flow. Steps 4 and 5 are
repeated until an acceptable match between the simulated and recorded flow is reached.
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6. In some cases where losses may be spread across a catchment the estimate of the residual
losses may be derived to apply below the upstream and residual inflows after the inflow is
added to the model. In this case the loss also accounts for error in the reach calibration
caused by basic data errors and modelling assumptions. In other cases there may be a
residual loss at the top of the reach covering losses on upstream inflows and also a residual
loss at the bottom of the reach to balance the calibration. The relationship is developed by
comparing the daily flow duration curve of simulated flow and the recorded flow data at the
downstream gauge. The residual loss relationship derived represents the average residual
difference over the calibration period and will remain constant for the whole period of
simulation.
7. The final residual reach inflow for a period of record (step 5) is adopted as the estimated
pre-development flow for the reach. If the upstream or downstream gauge records are
missing, the final residual inflows will have missing values in those missing days.
3.1.3

Sacramento Model Calibration

A Sacramento rainfall-runoff model calibration against estimated record based pre-development
inflows is then undertaken for the reach for the purposes of infilling periods of missing record
and/or extending available inflow data beyond historically recorded periods. The Sacramento
model is described in detail in Appendix B.
The Sacramento model parameters are calibrated by comparing the derived flow with the
calibration inflow sequence. The parameters are adjusted using an optimisation approach
implemented using the FORS computer program which is outlined in Appendix C. The adopted
Sacramento model parameters are those that provided the best statistical and visual match of the
flow characteristics of the reach.
3.1.4

Full Length Inflow Sequence

The calibrated Sacramento model is used to generate flows for the full Source model period
01/01/1889 to 30/06/2015. This data is used to infill and extend the record based reach flows to
produce the full length reach inflow sequence.
3.1.5

Final Inflow Sequence (Adjustment of Full Length Inflow Sequences)

Using a Source catchment model created by combining the reach models, multiple reach inflows
are adjusted to long-term recorded stream flow gauging station data so that the model outflows
matched as closely as possible to the gauge record. The adjustment process is restricted to
periods where flow sequences are Sacramento flow data.
A program called FORSDMM is used to adjust the flow sequences so that the simulated flows at
the gauge reproduce as close as possible the recorded gauge flows. The program, FORSDMM is
detailed in Appendix D.
3.1.6

Model Validation

As the last step in the process, a validation model is prepared in Source to confirm the
performance and accuracy of the model run as a complete system, with final inflows and
Sacramento model inflows. Results are reported at each gauge to validate the behaviour of the full
model.
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3.1.7

System Operation Calibration

The final stage of the model calibration process is the calibration of a system operation model.
After finalising all the flow sequences, the system operation model is set up to calibrate ordering
parameters and release arrangements for the major water supply systems, for use in the final
simulation model. This process is undertaken to ensure that the simulated operation is
representative of the operating procedures of the water supply scheme.
Using the Source catchment model, recorded extractions (supplemented irrigation and town water
supplies) are checked to ensure that they are diverting their entire historical take.
This step was not applied here as the Moonie is an unregulated stream.
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Figure 3.1 Model Calibration Flowchart
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4 Data
This section outlines the data used in the Source models. The types of data used include:







basin division
streamflow data
rainfall data
evaporation data
historical surface water extraction data
water infrastructure.

4.1 Basin Division
The total catchment area of the Moonie River is 14,877 km2 to Gundabloui Gauge (GS 417001) in
New South Wales which is 20.3 km from Qld/NSW Border. For modelling, the Moonie River system
was split into four reaches based on the location of major stream gauges. The reaches adopted for
model calibration and the area they cover are presented in Table 4.1.

Table 4.1 Moonie Basin Division

Reach

Upstream Gauge

1

Downstream Gauge

Reach Area
(km2)

GS 417205a Moonie River at
Flinton

5,378

GS 417205a Moonie River at
Flinton

GS 417201b Moonie River at
Nindigully

5,113

3

GS 417201b Moonie River at
Nindigully

GS 417204a Moonie River at
Fenton

3,407

4

GS 417204a Moonie River at
Fenton

GS 417001 Moonie River at
Gundabloui

2

Total

979
14,877

4.2 Streamflow
Stream flow records from the main stream gauges within the Moonie River basin were used for
calibration. The stream flow gauges were chosen because of the reliability and quality of records.
Stream flow data was obtained from HYDSTRA (Kisters Pty. Ltd, 2010).
Figure 2.2 shows the location of the stream gauges. Table 4.2 shows summary data for these

stream gauges and missing periods of records are listed in Table 4.3. Table 4.4 shows the water
balance prepared using the recorded stream flow data. All flow sequence data used in the
modelling of the Moonie River are based on the latest available data at the time. To obtain the full
record flow sequence at the end of each reach, the flow from multiple gauges were merged
together. The summary of data used for each reach is described in each reach calibration section
of the report.
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Table 4.2 Moonie River Stream Gauge Stations

Station

AMTD
(km)

CA
(km2)

Period of Control
Record

Highest Recorded Flow1

Highest Gauged Flow2

%
Rated
3

#

Name

417205a

Moonie River at
Flinton

231.4

5,378

06/10/2005–
28/07/2015

417201a

Moonie River at
Nindi Pub

105.4

11,915

417201b

Moonie River at
Nindigully

95.0

417204a

Moonie River at
Fenton

417001

Moonie River at
Gundabloui (NSW)

1

Height
(m)

Flow
(m3/s)

Date

Height
(m)

Flow
(m3/s)

Date

Mud and
timber

7.52

1,062.58

03/03/2010

6.84

293.55

07/02/2008

28%

02/10/1954–
29/09/1966

Mud and
timber

3.55

341.08

16/03/1962

3.37

273.68

31/07/1950

80%

10,491

29/03/1969–
30/06/2015

Rock
Concrete
Weir

6.22

969.26

06/03/2010

5.31

200.5

18/01/1996

21%

9.7

13,898

06/08/1971–
20/04/2015

Mud

5.9

925.76

11/01/1974

4.93

285.05

13/04/1988

31%

20.3
NSW

14,877

26/02/1945–
30/06/2015

Road x-ing.
gravel, rocks,
reeds

6.382

517.49

12/01/1974

6.34

462

N/A

89%

This is the largest flood measured by a physically measured reading or gauging (discharge actually measured)
This is the largest flood recorded by the automatic recorder (height reading only converted to a flow by use of a rating table)
3 Percentage rated refers how close the largest measured discharge (gauging) corresponds to the highest recorded flood height (from automatic recorder)
2
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Table 4.3 Moonie Basin Stream Flow Gauges Missing Data

Station Number

Station Name

Estimated Data

Missing Data

417205a

Moonie River at Flinton

44.24

0.00

417201a

Moonie River at Nindi Pub

0.37

0.71

417201b

Moonie River at Nindigully

20.25

0.00

417204a

Moonie River at Fenton

14.44

0.00

417001

Moonie River at Gundabloui (NSW)

N/A

N/A

Table 4.4 Moonie Basin Recorded Data Water Balance

Station #

417205a
417201a
417201b
417204a
417001*

Station Name

AMTD
(km)

Moonie River at
Flinton

231.4

Moonie River at
Nindi Pub

105.4

Moonie River at
Nindigully

95.0

Moonie River at
Fenton

9.7

Moonie River at
Gundabloui
(NSW)

20.3 NSW

CA
(km2)

5,378
11,915
10,491
13,898
14,877

Period of
Record

Full Period of Record
July to June
Mean Annual
Flow
(ML/a)

Mean
Annual
Flow
(mm/a)

MARF
(mm/a)

% RO Coeff

24/01/1992 –
05/12/2011

149,952

28

570

5

14/12/1973 –
18/01/2014

122,483

10

538

2

17/02/1958 –
20/01/2014

137,319

13

538

2

30/01/1976 –
20/01/2014

169,745

12

536

2

136,368

9

533

2

29/01/1976 –
21/01/2014

Note: MARF is taken from isohyets (1920-1969). The runoff coefficient may be out as flow and rainfall record periods do not match.
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4.3 Rainfall Data
Rainfall data was obtained from the Bureau of Meteorology daily rainfall database via the SILO
Patched Point data set. The station list was identified on the basis of, location in or near the
catchment of interest and length of record. Table 4.5 lists the final stations used and their location
can be found in Figure 2.1.
The correlation coefficient (Pearson’s R) is calculated between observed flow data and observed
rainfall data in close proximity to the catchment area. This is to determine which rainfall stations or
combination of stations should be used for a Sacramento calibration and whether there is a lag
between rainfall and flow response. Correlation between recorded rainfall data and recorded
streamflow was found to be low and variation between rainfall stations was not great so data at
long-term rainfall stations was used.
The rainfall data used for the Sacramento calibration consisted of raw data from that station infilled
with data from surrounding stations then finally infilled with patched point data for that station or a
nearby one if the station is not in the patched point data set.
During the Sacramento calibration using FORS the relative contribution of each station is
determined. Rainfall stations with low weightings were eliminated during calibration.
The rainfall isohyets in Figure 2.1 show that in the Moonie catchment, the rainfall is low and has
little variation over the catchment. The mean annual rainfall varies from 650 mm/a in the upper
catchment to 450 mm/a on the lower southern flood plain.
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Table 4.5 Moonie River Rainfall Stations

Station Number

Station Name

Latitude

Longitude

Period of Record

Mean Model
Rainfall
7/1889 to 6/2015
(mm/a)

42011

Glen Alvon

−27.8586

149.5553

01/12/1931–30/06/2003

568

42094

Cherry Park

−27.8828

149.5925

01/07/1983–30/04/2013

564

44194

Nindigully

−28.3544

148.8217

01/09/1916–22/06/2015

492

42003

Cheriton

−28.2347

149.1233

01/04/1934–31/01/2011

527

48047

Collarenebri (Goondoobloui)

−29.1509

148.6252

01/01/1883–14/03/2015

480

48020

Mungindi (Burrenbah)

−29.0362

148.6457

01/11/1896–30/06/2015

480

42016

Hannaford Post Office

−27.3411

150.0619

01/01/1927–30/06/2015

589

41545

Dunmore Exchange Tm

−27.6539

150.9136

01/11/2000–30/06/2015

627

42102

Ripple Downs

−27.9364

150.1425

01/12/1987–30/06/2015

581

42103

Mt Driven

−27.9797

149.0764

01/07/1988–04/04/2015

497

43109

St George Airport

−28.0489

148.5942

01/05/1997–30/06/2015

507

44166

Yamburgan

−28.5128

148.4017

01/01/1898–31/05/2015

457
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4.4 Evaporation
For modeling purposes, daily climate data for the period 01/01/1889 to 30/06/2015 was obtained
from the meteorological data stored in the SILO data drill dataset (http://www.nrm.qld.gov.au/silo).
The accuracy of the SILO database is highly dependent on the station coverage as well as the
length and quality of the data. In general the accuracy will be less the further back in time you go.
For evaporation the station coverage is sparse and the length of records is generally short.
There are no evaporation stations in current operation within the Moonie River Basin. However,
there were a few stations in operation that are closed. Surat station (043035) which holds patched
point data sets for potential evapotranspiration and lake evaporation for the whole simulation
period (1889–2015) is near the Moonie river catchment so it was adopted for calibration because it
has a more complete set of daily climate data (which is used for estimation of evaporation) than
other sites.
Evaporation is usually recorded as pan (normally Class A Pan) evaporation while hydrological
studies require Potential EvapoTranspiration (PET) and Lake Evaporation (LE). These
evaporations are difficult to measure continuously and are instead calculated using climatic
variables (such as cloud cover, wind velocity, humidity, rainfall, temperature etc.) and geographic
information (such as altitude, latitude, longitude, etc.). The Morton formula (Morton, 1983) is one of
the most widely accepted and used techniques in calculating PET and Lake Evaporation. Daily
PET and LE were extracted for the period 01/01/1889 to 30/06/2015. Table 4.6 summarises the
evaporation data used in the model.

Table 4.6 Moonie Basin Model Evaporation

Station Number

43035

Station Name

SURAT

Latitude

−27.159

Longitude

149.0703

Mean Model PET Evap. 7/1889 to 6/2015 (mm/a)

2,059

Mean Model Lake Evap. 7/1889 to 6/2015 (mm/a)

1,717

In addition to evaporative losses for open water surfaces associated with dams, seepage losses
can also represent a significant component of overall storage loss. Seepage loss is generally
directly related to water level (i.e. greater head drives higher seepage loss), whilst evaporative loss
is a function of surface area, which also increases with higher water levels. As such, seepage loss
can be indirectly simulated as proportional to evaporative loss by adopting an assumed seepage
loss rate which approximates the relationship between water level and loss. The approach to
simulating seepage loss is to combine a rate of seepage (0.821 mm/day) with estimated lake
evaporation to provide a single daily ‘lake evaporation + seepage’ data set.
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4.5 Historical Surface Water Extraction Data
There is no metered historical water use for the Moonie River Basin.

4.6 Water Infrastructure Data
The Moonie River Basin has no major water infrastructure.
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5 Reach 1 – Moonie River at Flinton GS417205a
Reach 1 is a headwater catchment with an area of 5,378 km2. Figure 2.1 and
Figure 2.2 show the location of Reach 1.

5.1 Flow Data
The recorded inflow sequence for this reach is the gauge record which is outlined in in Table 5.1.
The site was established in 2005 so only has 10 years of record.
The gauge control for GS417205a is mud and timber. Flows have been gauged to approximately
28 per cent of the highest recorded flow. Moderate to large flows are based on an extrapolated
rating curve.

Table 5.1 Reach 1 Flow Data

Date

Data

06/10/2005 to 30/06/2015

GS 417205a Moonie River at Flinton

5.2 Rainfall and Evaporation Data
As shown in Figure 2.1 there are several rainfall stations inside Reach 1. Some of the stations are
long-term. Long-term stations in close proximity to the reach have also been considered as
potential rainfall station for Reach 1. Eight rainfall stations were considered to provide a good
coverage of the rainfall variability across the reach.
Table 5.2 shows these and the flow-rain correlation factors. Correlation to individual station is low.
One of the reasons for this might be because of the relatively large area (5,378 km2) and flat
terrain.

Table 5.2 Reach 1 Rainfall Stations and Flow-Rain Correlation Factors

Rainfall Station

Factor

41397 Burilda

0.2640

41545 Dunmore Exchange TM

0.3040

42016 Hannaford PO

0.2985

42022 Meandarra PO

0.3171

42094 Cherry Park

0.3354

42102 Ripple Downs

0.2778

42115 Lundavra

0.2967

43095 Namarah

0.3574
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Table 5.3 shows the final rainfall stations used in the Sacramento model and their weighting
factors. Rainfall stations with <5 per cent contribution were discarded during calibration. Initially the
rainfall factors and Sacramento model parameters were calibrated together. The model rainfall was
then compared to the isohyetal rainfall. Where there was a large difference the factors were
adjusted so that the model rainfall matched closely to the isohyetal rainfall. The Sacramento
parameters were then calibrated independently. Table 5.4 compares the mean annual model
rainfall with isohyetal rainfall. The model rainfall is 12 per cent higher. This difference likely due to
the inability of the stations used to capture the true variability in the rainfall on a catchment wide
basis.

Table 5.3 Reach 1 Rainfall Stations Factors

Rainfall Station

Factor

41545

0.234

42016

0.192

42094

0.364

42102

0.296

Table 5.4 Reach 1 Modelled and Isohyet Rainfall Comparison (1920–1969)

Modelled Mean Annual Rainfall (mm)

Isohyet Mean Annual Rainfall (mm)

627

557

Surat station (043035) was adopted for evaporation as it has a more complete set of daily climate
data used for estimation of evaporation than other sites.

5.3 Reach Calibration and Record Based Inflow Sequence
As Reach 1 is a headwater catchment the routing and transmission losses for the reach are
inherent in the recorded flow sequence. The flow at the gauging station is used as the record
based inflow sequence for model calibration. No data was ignored during the calibration.

5.4 Sacramento Model Calibration
As shown in Table 5.1, streamflow data for this reach is available only for a short period
(06/10/2005 to 30/06/2015). A Sacramento model for Reach 1 was calibrated for this period.
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Table 5.5 shows the final Sacramento model parameters for the reach. These are the parameters
that provided the best statistical and visual match of the flow characteristics of the reach.

Figure 5.1 shows the report card for the recorded and simulated data for the calibration period.
Appendix F shows daily flow plots comparing recorded and modelled flows.
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Table 5.5 Reach 1 Sacramento Model Parameters

Parameter

Adopted Value

ADIMP

0.000503

LZFPM

2.778

LZFSM

21.389

LZPK

0.0463

LZSK

0.23

LZTWM

76.963

PCTIM

0.000837

PFREE

0.143

REXP

2.655

SARVA

2.19E-05

SIDE

0.000771

SSOUT

0.00252

UZFWM

100.635

UZK

0.133

UZTWM

54.946

ZPERC

32.993

UH0

0

UH1

0.519

UH2

0.481

5.5 Full Length Inflow Sequence
The calibrated Sacramento model was used to generate inflows for the full model period
01/01/1889 to 30/06/2015. This data was used to infill and extend the recorded flows to produce
the full length reach inflow sequence. The Sacramento portion of these flows was further modified
to ensure that the final catchment model would reproduce flows recorded at long-term gauges
further downstream. Table 5.6 summarises the final full length reach inflow sequence.
Table 5.6 Reach 1 Final Inflow Sequence

Period Data Description

30

Notes

01/01/1889 to 02/10/1954

Sacramento

02/10/1954 to 05/10/2005

Sacramento Adjusted to
GS417201b

Not adjusted where 417201b was
missing

06/10/2005 to 30/06/2015

Recorded

Missing records infilled with
Sacramento

Hydrology Report Number 417201.PR/2

Figure 5.1 Reach 1 Sacramento Calibration Report Card
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6 Reach 2 – Moonie River at Flinton GS417205a to
Moonie River at Nindigully GS417201b
Reach 2 is a residual catchment with an area of 5,113 km2. Figure 2.1 and
Figure 2.2 show its location. This reach stretches from Moonie River at Flinton (GS417205a) to
Moonie River at Nindigully (GS417201b).

6.1 Flow Data
As Reach 2 is a residual reach, streamflow data at the upstream and downstream gauges were
used to derive the residual inflow. GS417210a and GS417201b were combined into a single
dataset. GS417201a flows were not adjusted for any catchment area difference. A summary of the
flow data used to derive the residual and the residual itself are provided in Table 6.1.
The location of these gauging stations can be seen in Figure 2.1 and
Figure 2.2. The gauge control for GS417205a is mud and timber. Flows have been gauged to
approximately 28 per cent of the highest recorded flow. Moderate to large flows above this size is
are based on an extrapolated rating curve.
GS417201a was an old gauge at the downstream end of the reach which was replaced by
GS417201b. The gauge control for GS417201a was a rock concrete weir whereas the gauge
control for the current gauge GS417201b is mud. For GS417201a the highest gauged flow is
80 per cent of the highest recorded flow, whereas the highest gauged flow for GS417201b is only
21 per cent of the maximum recorded. Thus majority of large events are based on an extrapolated
rating curve.

Table 6.1 Reach 2 Flow Data

Date Data
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06/10/2005 to 30/06/2015

GS 417205a Moonie river at Flinton

02/10/1954 to 29/09/1966

GS417201a Moonie River at Nindi Pub

29/03/1969 to 30/06/2015

GS417201b Moonie River at Nindigully

06/10/2005 to 30/06/2015

Record Based Residual
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6.2 Rainfall and Evaporation Data
As shown in Figure 2.1 there are several rainfall stations inside Reach 2. Some of the stations are
long-term. Long-term stations in close proximity to the reach have also been considered as
potential rainfall stations for Reach 2. Six rainfall stations were considered to provide a good
coverage of the rainfall variability across the reach. Table 6.2 shows the rainfall stations and the
flow-rain correlation factors to the downstream gauge flows. Correlation to individual stations is
low. One of the reasons for this might be because of the relatively large area (5,113 km2) and flat
terrain.

Table 6.2 Reach 2 Rainfall Stations and Flow-Rain Correlation Factors

Rainfall Station

Factor

042103 Mt Driven

0.324

042003 Cheriton

0.239

042011 Glen Alvon

0.238

044166 Yamburgan

0.187

044194 Nindigully

0.209

043109 St George Airport

*

*Correlation with station was not derived.

Table 6.3 shows the final rainfall stations used for the Sacramento model and their weighting
factors. Rainfall stations with <5 per cent contribution were discarded during calibration. Initially the
rainfall factors and Sacramento model parameters were calibrated together. The model rainfall was
then compared to the isohyetal rainfall. Where there was a large difference the factors were
adjusted so that the model rainfall matched closely to the isohyetal rainfall. The Sacramento
parameters were then calibrated independently.
Table 6.4 compares the final mean annual model rainfall with the isohyetal rainfall. The initial
difference between the two during model calibration was very large and seemed unreasonable so
the model rainfall mean adjusted to the isohyetal rainfall mean.

Table 6.3 Reach 2 Rainfall Stations Factors

Rainfall Station

Factor

042003

0.353

042011

0.367

043109

0.266

Table 6.4 Reach 2 Modelled and Isohyet Rainfall Comparison (1920–1969)
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Modelled Mean Annual Rainfall (mm)

Isohyet Mean Annual Rainfall (mm)

514

516

Surat station (043035) was adopted for evaporation as it has a more complete set of daily climate
data used for estimation of evaporation than other sites.

6.3 Reach Calibration and Record Based Inflow Sequence
Reach 2 is a residual reach and the routing, lag and residual losses were determined as part of the
reach residual flow derivation. Once these were obtained the upstream flows were routed through
the reach and the residual inflow was derived by taking the difference between the simulated flow
and recorded flow at the downstream gauge.
Negatives in the calculated residual inflow which can be caused by mismatches in lag and routing
and also from rating inconsistencies between upstream and downstream gauges were smoothed
to create a sequence that conserves mass and is a better input to the Sacramento model and the
complete river system model.

6.4 Routing Parameters
The routing parameters were determined by trial and error. Flows from the upstream gauge were
routed and compared with suitable recorded events at the downstream gauge. The non-linear lag
and route procedure was used for the routing that was applied at the upstream end of the reach.
The lag and routing parameters derived are presented in Table 6.5.

Table 6.5 Reach 2 Lag and Routing Parameters

Reach
Moonie River
Flinton to
Nindigully

Reach Length
(km)

Lag (days)

K

M

136.4

4

392832

0.52

6.5 Residual and Breakout Loss
The residual losses were initially estimated by comparing the routed upstream flow and recorded
flow at the downstream gauge. Periods with little or no residual inflows were identified and a loss
function was estimated by comparing the daily exceedance curves of the recorded and modelled
flows during such periods.
As modelling progressed it was identified that there also appeared to be a loss at high flows where
you would expect inflows was not reaching the downstream gauge. A review of google maps and
satellite imagery enabled the identification of a water course that is most likely a break out. The
hydrographers confirmed there is water leaving the river at higher flows but no information was
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available on what the breakout volumes are. A further complication is that an irrigator capturing
overland flow has at some point developed storages within the breakout channel which will have
changed the breakout relationship that would have occurred naturally which in itself may have
changed over time.
It was decided that for modelling the loss relationship would include both low and higher flows and
be based on the calibration period of the reach. It thus represents the breakout relationship during
the calibration period. The initial low flow loss was adjusted and extended by trial and error till
events where losses appeared to occur were reduced and an attempt was made to maintain a
consistent difference between the modelled and recorded flow duration curves at the downstream
station.
The residual loss which includes the breakout was applied upstream of the residual inflow.
The residual loss relationship for this reach is shown Table 6.6.

Table 6.6 Reach 2 Residual and Breakout Loss

Streamflow (ML/d)

Residual Loss (ML/d)

0

0

5

5

10

7.5

50

30

100

50

500

200

1,000

300

5,000

1,000

10,000

1,250

20,000

2,500

40,000

5,000

60,000

7,500

80,000

10,000

99,999,999

10,000

6.6 Reach Calibration Results
Figure 6.1 shows the result at the downstream gauge when the derived residual is included in the
model. There is a good match.

6.7 Sacramento Model Calibration
The common period of streamflow data between the upstream and downstream gauges for this
reach is available for the short period 06/10/2005 to 30/06/2015. The residual inflow for Reach 2
was estimated for this period and Sacramento model was calibrated against the estimated residual
inflow. Table 6.7 shows the Sacramento Model parameters for the reach. These are the
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parameters that provided the best statistical and visual match of the flow characteristics of the
reach.
Figure 6.2 shows the report card for the recorded and simulated data for the calibration period.
Appendix F shows daily flow plots comparing recorded and modelled flows.
Table 6.7 Reach 2 Sacramento Model Parameters

Parameter

Adopted Value

ADIMP

0.001449

LZFPM

5.492

LZFSM

134.669

LZPK

0.0076

LZSK

0.13

LZTWM

113.458

PCTIM

0.000111

PFREE

0.229

REXP

1.731

SARVA

2.66E-06

SIDE

0.000313

SSOUT

0.00093

UZFWM

77.876

UZK

0.2634

UZTWM

66.115

ZPERC

17.831

UH0

0

UH1

0

UH2

0.465

UH3

0.535

6.8 Full Length Inflow Sequence
The calibrated Sacramento model was used to generate inflows for the full model period
01/01/1889 to 30/06/2015. This data was used to infill and extend the calculated residual inflow
sequence. The Sacramento portion of these flows was further adjusted to ensure that the final
catchment model would reproduce the flows recorded at long-term gauges further downstream.
Table 6.8 summarises the final full length reach inflow sequence.
Table 6.8 Reach 2 Final Inflow Sequence

Period Data Description
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01/01/1889 to 02/10/1954

Sacramento

02/10/1954 to 05/10/2005

Sacramento Adjusted to
GS417201b

Not adjusted where 417201b was
missing

06/10/2005 to 30/06/2015

Record Based Residual

Missing records infilled with
Sacramento
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Figure 6.1 Reach 2 Residual Calibration Report Card
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Figure 6.2 Reach 2 Sacramento Calibration Report Card
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7 Reach 3 – Moonie River at Nindigully GS417201b to
Moonie River at Fenton GS417204a
Reach 3 is a residual catchment of the Moonie River stretching from Nindigully (GS 471201b) to
Fenton (GS417204a). The reach has an area of 3,407 km2. Figure 2.1 and
Figure 2.2 show its location. This reach is located within a drier part of the Moonie catchment.

7.1 Flow Data
Reach 3 is a residual reach and streamflow data at the upstream and downstream gauges were
used to derive the residual inflow. GS417210a and GS417201b were combined into a single
dataset. GS417201a flows were not adjusted for any catchment area difference. A summary of the
flow data used to derive the residual and the residual itself is provided in Table 7.1. The location of
these gauging stations can be seen in Figure 2.1 and
Figure 2.2.
GS417201a is the old gauge at the upstream end of the reach which was replaced by GS417201b.
The gauge control for GS417201a was a rock concrete weir whereas the gauge control for the
current gauge is mud. For GS417201a the highest gauged flow is 80 per cent of the highest
recorded flow, whereas the highest gauged flow at GS417201b is only 21 per cent of the highest
recorded flow. Thus majority of large events are based on an extrapolated rating curve.
The gauge control for GS417204a is mud. The highest gauged flow is 31 per cent of the highest
recorded flow, and flows above this flows are based on extrapolation.

Table 7.1 Reach 3 Flow Data

Date Data
02/10/1954 to 29/09/1966

GS417201a Moonie River at Nindi Pub

29/03/1969 to 30/06/2015

GS417201b Moonie River at Nindigully

06/08/1971 to 22/06/2015

GS417204a Moonie River at Fenton

06/08/1971 to 22/06/2015

Record Based Residual

7.2 Rainfall and Evaporation Data
As shown in Figure 2.1 there are several rainfall stations inside Reach 3. Some of the stations are
long-term. Long-term stations in close proximity to the reach have also been considered as
potential rainfall stations for Reach 2. Rainfall data from all the stations in and around Reach 3 was
tested for correlation with flows at the d/s gauge; however the correlations to the downstream
gauging station flows were very low at around 0.2. Instead of selecting rainfall based on their
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correlation with the recorded flow at GS417204a, the following long-term rainfall stations were
considered: 042011 Glen Alvon; 044194 Nindigully; 044166 Yamburgan; 042103 Mt Driven;
043109 St George Airport; 041108 Beau Maison; 048020 Mungindi (Burrenbah); 048047
Collarenebri (Goondoobluie).
Table 7.2 shows the final rainfall stations used for the Sacramento model and their weighting
factors. Rainfall stations with <5 per cent contribution were discarded during calibration. Initially the
rainfall factors and Sacramento model parameters were calibrated together. The model rainfall was
then compared to the isohyetal rainfall. Where there was a large difference the factors were
adjusted so that the model rainfall matched closely to the isohyetal rainfall. The Sacramento
parameters were then calibrated independently.
Table 7.3 compares the final mean annual model rainfall with the isohyetal rainfall. The initial
difference between the two during model calibration was very large and seemed unreasonable so
the model rainfall mean adjusted to the isohyetal rainfall mean.

Table 7.2 Reach 3 Rainfall Stations Factors

Rainfall Station

Factor

044194

0.804

044166

0.272

Table 7.3 Reach 3 Modelled and Isohyet Rainfall Comparison (1920–1969)

Modelled Mean Annual Rainfall (mm)

Isohyet Mean Annual Rainfall (mm)

500

500

Surat station (043035) was adopted for evaporation as it has a more complete set of daily climate
data used for estimation of evaporation than other sites.

7.3 Reach Calibration and Record Based Inflow Sequence
Reach 3 is a residual reach and the routing, lag and transmission losses were determined as part
of reach residual flow derivation. Once these were obtained the upstream flows were routed
through the reach and the residual inflow was derived by taking the difference between the
simulated flow and recorded flow at the downstream gauge.
Negatives in the calculated residual inflow which can be caused by mismatches in lag and routing
and also from rating inconsistencies between upstream and downstream gauges were smoothed
to create a sequence that conserves mass and is a better input to the Sacramento model and the
complete river system model.
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7.4 Routing Parameters
The routing parameters were determined using a trial and error. Flows from the upstream gauge
were routed and compared with suitable recorded events at the downstream gauge. The non-linear
lag and route procedure was used for the routing that was applied. The lag and routing parameters
derived are presented in Table 7.4.

Table 7.4 Reach 3 Lag and Routing Parameters

Reach

Reach Length
(km)

Lag (days)

K

M

85.3

4

153540

0.5

Moonie River
Nindigully to
Fenton

7.5 Residual Loss
The residual losses were estimated by comparing the routed upstream flow and recorded flow at
the downstream gauge. Periods with little or no residual inflows were identified and loss function
was estimated by comparing the daily exceedance curves of the recorded and modelled flows
during such periods. The residual losses are applied upstream of the residual inflow. The residual
loss relationship for this reach is shown in Table 7.5.

Table 7.5 Reach 3 Residual and Breakout Loss

Streamflow (ML/d)

Residual Loss (ML/d)
0

0

5

5

10

8

50

27

100

51

500

51

1,000

51

1,500

51

99,999,999

51

7.6 Reach Calibration Results
Figure 7.1 shows the result at the downstream gauge when the derived residual is included in the
model. There is a good match.
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7.7 Sacramento Model Calibration
The common period of streamflow data between the upstream and downstream gauges for this
reach is 06/08/1971 to 22/06/2015. The residual inflow for Reach 3 was estimated for this period
and a Sacramento model was calibrated against the estimated residual inflow. Table 7.6 shows the
Sacramento Model parameters for the reach. These are the parameters that provided the best
statistical and visual match of the flow characteristics of the reach.
Figure 7.2 shows the report card for the recorded and simulated data for the calibration period.
Appendix F shows daily flow plots comparing recorded and modelled flows.

Table 7.6 Reach 3 Sacramento Model Parameters

Parameter
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Adopted Value

ADIMP

0.012525

LZFPM

49.72229

LZFSM

200.6263

LZPK

0.000933

LZSK

0.120601

LZTWM

149.9093

PCTIM

1.00E-05

PFREE

0.034846

REXP

2.957626

SARVA

2.43E-06

SIDE

0.099999

SSOUT

0.04638

UZFWM

77.54474

UZK

0.149135

UZTWM

96.85794

ZPERC

31.60599

UH0

0

UH1

0

UH2

0.31312

UH3

0.68688
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7.8 Full Length Inflow Sequence
The calibrated Sacramento model was used to generate inflows for the full model period
01/01/1889 to 30/06/2015. This data was used to infill and extend the record based predevelopment inflows to produce the full length residual reach inflow sequence.
Record based inflow data is available for period 06/08/1971 to 22/06/2015. Flows before 1971
were estimated using the calibrated Sacramento model. Though records at the downstream gauge
(GS417001) go back to 26/02/1945 an attempt to adjust flows in upstream reaches to the
downstream gauge introduced significant error and the adjustment process was not adopted. Table
7.7 summarises the full length reach inflow sequence.

Table 7.7 Reach 3 Final Inflow Sequence

Period Data Description
01/01/1889 to 05/08/1971

Sacramento

06/08/1971 to 22/06/2015

Record Based Residual

23/06/2015 30/06/2015

Notes
Missing records infilled with
Sacramento

Sacramento
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Figure 7.1 Reach 3 Residual Calibration Report Card
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Figure 7.2 Reach 3 Sacramento Calibration Report Card
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8 Reach 4 – Moonie River at Fenton GS417204a to
Moonie River at Gundabloui GS417001
Reach 4 is a residual catchment of Moonie River from Fenton (GS417204a) to Gundabloui
(GS 417001). As shown in Figure 2.1 and
Figure 2.2 the reach stretches from Queensland to New South Wales. The reach is narrow and
elongated in shape and has an area of 979 km2.

8.1 Flow Data
Reach 4 is a residual reach and streamflow data at the upstream and downstream gauges were
used to derive the residual inflow. A summary of the flow data used to derive the residual and the
residual itself is provided in Table 8.1. The location of these gauging stations can be seen in Figure
2.1 and
Figure 2.2.
The gauge control for GS417204a is mud. The highest gauged flow is 31 per cent of the highest
recorded flow, and flows above this magnitude are based on extrapolation.
The gauge control for GS417001 is located at a road crossing and the site is composed of gravel
and rock bed with reeds growing in it. It has good gauged record and the highest gauged flow is
89 per cent of the highest recorded flow.

Table 8.1 Reach 4 Flow Data

Date Data
06/08/1971 to 22/06/2015

GS417204a Moonie River at Fenton

26/02/1945 to 30/06/2015

GS 417001 Moonie River at Gundabloui (NSW)

06/08/1971 to 22/06/2015

Record Based Residual

8.2 Rainfall and Evaporation Data
There are four rainfall stations within the reach, two of them long term. Long term stations in close
proximity to the reach have also been considered. As in the upper reaches of Moonie the
correlation between rainfall and the downstream flow was found to be low so rainfall stations were
not chosen based on correlation. Instead the following long term rainfall stations in and around
Reach 4 were considered: 048020 Mungindi (Burrenbah); 048047 Collarenebri (Goondoobluie);
044194 Nindigully; 042028 Thallon Post Office; 044166 Yamburgan.
Table 8.2 shows the final rainfall stations used in the Sacramento model and their weighting
factors. Rainfall stations with <5 per cent contribution are discarded during calibration. Initially the
factors and Sacramento model parameters were calibrated together. The model rainfall was then
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compared to the isohyetal rainfall. Where there was a large difference the rainfall factors were
adjusted so that the model rainfall matched closely to the isohyetal rainfall. The Sacramento
parameters were then calibrated independently. Table 8.3 shows reach average rainfall based on
the finally adopted factors and the isohyetal rainfall. This difference is likely due to the stations
used not capturing the true variability in the rainfall on a catchment wide basis.

Table 8.2 Reach 4 Rainfall Stations Factors

Rainfall Station

Factor

048020

0.505

048047

0.183

044194

0.159

Table 8.3 Reach 4 Modelled and Isohyet Rainfall Comparison (1920–1969)

Modelled Mean Annual Rainfall (mm)

Isohyet Mean Annual Rainfall (mm)

396

475

Surat station (043035) was adopted for evaporation as it has a more complete set of daily climate
data used for estimation of evaporation than other sites.

8.3 Reach Calibration and Record Based Inflow Sequence
Reach 4 is a residual reach and the routing, lag and transmission losses were determined as part
of reach residual flow derivation. Once these were obtained the upstream flows were routed
through the reach and the residual inflow was derived by taking the difference between the
simulated flow and recorded flow at the downstream gauge.
Negatives in the calculated residual inflow which can be caused by mismatches in lag and routing
and also from rating inconsistencies between upstream and downstream gauges were smoothed
to create a sequence that conserves mass and is a better input to the Sacramento model.

8.4 Routing Parameters
The routing parameters were determined using a trial and error calibration process. Flows from the
upstream gauge (from the upstream final model) were routed and compared with suitable recorded
events at the downstream gauge. The non-linear lag and route procedure was used for the routing
that was applied at the upstream end of the reach. The lag and routing parameters derived are
presented in
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Table 8.4.
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Table 8.4 Reach 4 Lag and Routing Parameters

Reach
Moonie River
Fenton to
Gundabloui

Reach Length
(km)

Lag (days)

K

M

30

1

9720

0.70

8.5 Residual and Breakout Loss
Initially the transmission losses were estimated by comparing the routed upstream flow and
recorded flow at the downstream gauge. Periods with little or no residual inflows were identified
and the loss function is normally estimated by comparing the daily exceedance curves of the
recorded and modelled flows during such periods.
However in this reach (as in Reach 2) the routed upstream flow is consistently much higher than
the recorded flow at the downstream gauge. The stream gauge records were checked and it was
found that the highest gauged flow is close to the highest recorded flow which significantly
minimises the error in estimation of streamflow. Though the highest gauged flow upstream flow is
only 31 per cent of highest recorded flow at upstream gauge the flow data are consistent with
further upstream gauges and evaluated as reasonably good. Looking at satellite maps/google
maps of the area it was identified that the area is very flat and there are break out channels which
might move water to other basins such as the Condamine and/or Barwon. Quantification of such
breakouts is a difficult task as flow data on the Barwon and Condamine rivers is not available for
locations in proximity to the Moonie that would allow such breakouts to be quantified.
As a result breakout losses were added to the residual loss to derive the relationship shown in
Table 8.5. These were estimated by trial and error, mainly by considering the volumes that needed
to be lost from the upstream gauge to get the downstream gauge flow. These losses were added
above the residual inflow so the breakout is allowed for prior to the inflow derivation.

Table 8.5 Reach 4 Residual and Breakout Loss
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Streamflow (ML/d)

Residual Loss (ML/d)

0

0

10,000

0

16,000

2,000

18,000

2,800

25,000

4,700

30,000

6,000

40,000

8,000

55,000

16,000

80,000

36,000

99,999,999

36,000
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8.6 Reach Calibration Results
Figure 8.1 shows the result at the downstream gauge when the derived residual was put back into
the model. There is a good match.

8.7 Sacramento Model Calibration
The common period of streamflow data between the upstream and downstream gauges for this
reach is 06/08/1971 to 22/06/2015. The residual inflow for Reach 4 was estimated for this period
and a Sacramento model was calibrated against the estimated residual inflow. Table 8.6 shows the
Sacramento Model parameters for the reach. These are the parameters that provided the best
statistical and visual match of the flow characteristics of the reach.
Figure 8.2 shows the report card for the recorded and simulated data for the calibration period.
Appendix F shows daily flow plots comparing recorded and modelled flows.

Table 8.6 Reach 4 Sacramento Model Parameters

Parameter

Adopted Value

ADIMP

0.002

LZFPM

83.456

LZFSM

44.655

LZPK

0.14

LZSK

0.753

LZTWM

244.657

PCTIM

0.00085

PFREE

0.182

REXP
SARVA

1.5548
9.01E-6

SIDE

0.003

SSOUT

0.003

UZFWM

44.519

UZK

0.298

UZTWM

59.82

ZPERC

6.701

UH0

0

UH1

0.474

UH2

0.526
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8.8 Full Length Inflow Sequence
The calibrated Sacramento model was used to generate inflows for the full model period
01/01/1889 to 30/06/2015. This data was used to infill and extend the record based predevelopment inflows to produce the full length residual reach inflow sequence.
Record based inflow data is available for period 06/08/1971 to 22/06/2015. Flows before 1971
were estimated using the calibrated Sacramento model. Though records at the downstream gauge
(GS417001) go back to 26/02/1945 an attempt to adjust flows in upstream reaches to the
downstream gauge introduced significant error and the adjustment process was not adopted.
This might be due to non-linear nature of breakout losses. Table 8.7 summarises the composition
of full length reach inflow sequence for this reach.

Table 8.7 Reach 4 Final Inflow Sequence

Period Data Description
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01/01/1889 to 05/08/1971

Sacramento

06/08/1971 to 22/06/2015

Record Based Residual

23/06/2015 to 30/06/2015

Sacramento

Notes
Missing records infilled with
Sacramento
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Figure 8.1 Reach 4 Residual Calibration Report Card
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Figure 8.2 Reach 4 Sacramento Calibration Report Card
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9 Moonie River Basin Model
9.1 Model Structure
Once the reach calibrations and final inflow sequences are finalised, a whole of system model is
developed in Source. The individual reaches are combined into one model to validate the ability of
the model to reproduce recorded flow behaviour in the system.
The model covers the Moonie River Basin. Figure 9.1 shows the schematic for the complete
system. As there is no modelled infrastructure for the complete period the validation run was
undertaken using one model (no infrastructure) and one period of simulation, 01/01/1889 to
30/06/2015.

Figure 9.1 Moonie River Basin Source Model Schematic Diagram
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9.2 Streamflow Adjustment
Where a long-term record was available at GS417201b the Sacramento inflows in the Reach 1 and
2 inflow sequences were adjusted so the model aligned with the downstream gauge record due to
the much longer period of record. The adjustment period was 02/10/1954 to 06/10/2005 and any
missing data in the reach flow sequences. Table 9.1 shows the effect of the adjustments on the
mean annual inflows to the two reaches for the full model period of record. Within the adjustment
period the mean annual inflows in the two reaches were reduced to 60 per cent of the preadjustment inflows. It is interesting to note that prior to the start of the 417201b gauge in 1969, in
the period of the 417201a gauge, there was little adjustment to the inflows; however, nothing
indicated that there is any problem with the early 417201b gauge data and it is consistent with
records further downstream.
Figure 9.2 shows the report card showing the pre and post adjustment flows at GS417201b.
The mean annual flow pre adjustment of 172,276 ML/a was reduced to 137,333 ML/a,
approximately 80 per cent. Within the adjustment period the post adjustment flow was
approximately 60 per cent of the pre-adjustment flow.

Table 9.1 Adjustment of Inflows to 417201b (07/1889–06/2015)

Reach

Pre-Adjustment
Mean Annual Flow
(Jul–Jun) (ML/a)

Post-Adjustment
Mean Annual Flow
(Jul–Jun) (ML/a)

% change from
Pre- to PostAdjustment

Reach 1

127,448

101,683

80

Reach 2

68,768

55,680

81

The large adjustments on inflows during the adjustment process tended to occur evenly through
time and across both reaches. They can be attributed to a range of things:






The lack of information on and understanding of the changing physical characteristics and
behaviour of the catchment over time, for example, the changes in breakout locations and
also the non-linear nature of the breakout relationships.
The inability of the rainfall stations to provide a good representation of rainfall across the
catchment and through time. This is a particular issue in western Queensland areas where
rainfall is often in storms which may or may not be captured by single gauges rather than
wide spread with a number of gauges recording the falls.
The Sacramento calibration period for Reaches 1 and 2 is short, 10 years. It contained a
reasonable dry period with a few medium events and one extreme event. It did not capture
a wide range of medium events or a continuously wetter period so it may have had trouble
reproducing inflows in the adjustment period which was wetter and consistently had
medium events occurring. Much of the adjustment was during such events.

An attempt was made to calibrate the Sacramento model using a double optimisation to the gauge
flows at the bottom of both Reaches 1 and 2, however the match to the Reach 1 record and the
Reach 2 calculated residual inflow during the recorded data period was highly inaccurate.
Also when these flows were used in the adjustment process the adjustment volumes were smaller
but there was less consistency in the adjustments, Reach 1 inflows were reduced and Reach 2
inflows increased.
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It was also considered if it would be better to not use the Flinton GS417205a record because it is
only 10 years, however as Reaches 1 and 2 combined cover 70 per cent of the catchment (Reach
1, 36 per cent and Reach 2, 34 per cent) it was decided it was better to use the data to attempt to
better represent the upper catchment.
After testing a variety of methodology variations and taking into consideration the likely model
inaccuracies associated with different approaches, it was decided that the methodology that would
give the best whole-of-catchment model was to calibrate Sacramento models to the shorter
common period for the Reach 1 and Reach 2 record based inflows to maintain consistency
between what was happening in the two catchments in the calibration period and then to adjust the
Sacramento flows to the recorded GS417201b data.
We acknowledge that the model above GS417102b is calibrated more accurately to the period
from 2005 and that there is a high level of error likely to be found in the pre-1954 Sacramento
inflows in Reaches 1 and 2 however we believe the model should represents accurately the
catchment behaviour as it is in more recent times. As more data becomes available at the end of
Reach 1 at GS417205a a better calibration should be obtained for Reaches 1 and 2 and the full
system model.
Though records at the downstream end of Reach 4 GS417001 go back to 26/02/1945 the
upstream gauge had operated for a shorter period so the residual inflow based on recorded data is
for the shorter period 06/08/1971 to 22/06/2015. An attempt to adjust Sacramento flows in all four
upstream (Reaches 1 and 2 1945–1954 and Reaches 3 and 4 1954–1971) to the downstream
gauge introduced inconsistencies and significant error so the adjustment process was not adopted.
The inability to make adjust in a reasonable manner again is probably due to the factors discussed
above.
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Figure 9.2 Modelled Flows at GS417201b Pre- and Post-Inflow Adjustment at Nindigully (GS417201b)
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9.3 Validation Models
Two validation models were prepared. The first is the Sacramento flows validation model that uses
the Sacramento inflow sequences in all reaches. This validation model is prepared to show the
performance of the Sacramento sequences against the full period of record, to give some
confidence in the ability of the calibrated Sacramento models to reproduce flows accurately when
there is no gauge data.
The second is the Final flows validation model that uses the final adjusted inflow sequences, to
confirm the ability of the model to reproduce flows at all sites. This gives confidence in using these
flows and the associated simulation model of the whole catchment.
Table 9.2 shows the comparison of the recorded and modelled flows at each of the gauging
stations. The variation in the Sacramento flows model from the recorded flows from GS417201b
downstream is related to the issues discussed under Streamflow Adjustment in Section 9.2. The 16
per cent variation between the modelled final flows and recorded data at GS417001 is associated
with the Sacramento inflows in upstream Reaches that were unable to be adjusted in a reasonable
manner to the GS417001 flows. The likely issues around the development of the Reach inflows are
covered in Section 9.2.
Figure 9.3 to Figure 9.6 show the report cards for the stations in the Moonie River Basin.
The report cards show the Recorded and the Sacramento and Final Flow Validation model
comparisons. Appendix G shows the daily flows.
The effects of the adjustments made to the Reach 1 and 2 Sacramento model inflows which are
discussed in Section 9.2 can be seen clearly on the annual plots in Figure 9.4, Figure 9.5 and
Figure 9.6. Interestingly you can also see that the variation between the Sacramento and final
flows validation results (which are the same inflows in this period) and the recorded flows to the
most downstream gauged GS417001 in the period pre-1975 when there is no Sacramento inflows
adjusted upstream is much smaller than in the period prior to that where the Reach 1 and 2
Sacramento flows were adjusted. This may give some minimal support to the idea that the earlier
Sacramento inflows may be reasonable.
Overall there is not enough evidence to say conclusively how good the Sacramento inflows are.

Table 9.2 Moonie Basin Validation Models Mean Annual Flows at Gauges (period of record)

Period of
Record

Recorded
(ML/a)

Sacrame
nto Flows
Model
(ML/a)

% of
Recorded

Final
Flows
Model
(ML/a)

% of
Recorded

417205A

06/10/2005–
30/06/2015

149,952

148,965

99

149,952

100

417201B

19/10/1975–
30/06/2015

134,670

214,376

159

135,713

101

417204A

06/08/1971–
22/06/2015

169,745

264,234

156

170,765

101

417001

26/02/1945–
30/06/2015

136,368

211,274

155

157,671

116

Gauge
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Figure 9.3 Validation Model – Comparison of Recorded Flow and Modelled Flow at Flinton (GS417205a)

63

Department of Environment and Science

Figure 9.4 Validation Model – Comparison of Recorded Flow and Modelled Flow at Nindigully (GS417201b
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Figure 9.5 Validation Model – Comparison of Recorded Flow and Modelled Flow at Fenton (GS417204b)
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Figure 9.6 Validation Model – Comparison of Recorded Flow and Modelled Flow at Gundabloui (GS417001)
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10 Quality Assurance
Quality assurance procedures were followed for this calibration. This was divided into five steps:
1. Model Setup Review. This ensures that procedures are in place to document decisions
made regarding the set-up of the model. This also includes the planning stage of the model
work.
2. Data Review. This includes the collation and checking of basic data (stream flow, rainfall,
evaporation, etc.), to identify data gaps and data quality issues.
3. Reach Model Calibration Review. This provides confidence in the ability of the calibrated
reach models to reproduce the recorded downstream flows.
4. Rainfall Runoff Model Calibration Review. This checks the Sacramento model parameters
and the performance of the Sacramento model in reproducing the recorded or residual
inflows.
5. Validation Model Review. This considers the whole-of-model checks that are performed on
the models developed for the full system at completion of the calibration. It considers the
match at the calibration gauges.
A star system (more stars are better) was used on report cards to indicate the quality of
calibrations. The report cards for Sacramento calibrations and Validation model results along with
their star ratings are shown in this report.
Ratings are shown for volume ratios for the whole flow range, as well as the low-, mid- and highflow ranges. The low-, mid- and high-flow ranges provide an indication of how well the Reach
Sacramento and the Final Sequences Validation models reproduce each range of flows. The low-,
med- and high-flow ranges are defined by the flexion points on the daily flow duration curves.
The performance of the Sacramento reach model calibrations varies between 1 and 5 stars for the
various comparisons reported.
The performance of the Validation models against the full period of record at each gauge returned
higher ratings for the final flows model than the Sacramento validation as expected due to the use
of recorded data in the final flows. The Validation models perform reasonable well considering the
large number of assumptions and unknowns in the system.
There were no significant changes recommended as a result of the internal quality assessment
review.
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11 Discussion
The Moonie River Basin Source model is a simple model with no infrastructure and limited flow
records for such a large area. The new model is an improvement on the earlier model as data from
a gauge installed after the earlier model was developed which halves the area of the most
upstream Reach have been used and there is longer record at the pre-existing gauges.
The period of flow data available for calibration when the new upstream gauge is available is short
and impacts on the way the calibration has been undertaken and how reliable the Sacramento
inflows are in the upstream reaches. There is much discussion on the possible issues with the
reach calibrations and Sacramento models throughout other sections of this report.
Improvements in the calibration and in the final models accuracy in the early parts of the 19th
century can be expected when longer flow records are available in the future.
There is little data available on losses and breakouts now or in the past. This will always be a
downfall in the ability to calibrate the model especially as it is likely the breakout relationships have
changed over time. The model has been calibrated to the catchment as it is in the most recent
timeframe.
As stated before the final flows validation model perform well considering the large number of
assumptions and unknowns in the system.
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12 Conclusions and Recommendations
This report describes the calibration of a Source Model for the Moonie River Basin.
Four river reaches were defined. Record based reach inflows were developed for each using
recorded flow data and Sacramento models calibrated to them. For the full length inflow sequences
Sacramento models were used to extend and infill the record based inflow sequence to cover the
period 01/01/1889 to 30/6/2015. The full length inflow sequences in Reaches 1 and 2 were
adjusted further to allow the model to align to the recorded flows at GS417001b. Reach inflows
were not adjusted to longer records at GS417001 at the bottom of the system due to issues which
arose when the adjustment process was tried.
The reach information was used to develop a validation model of the Moonie System and
validation runs completed to GS417001. The final flows validation model performed well
considering the large number of assumptions and unknowns in the system.
The model developed constitutes a whole river system model and is considered adequate for use
in Water Resource Planning studies and other water resource investigations.
It is believed to be superior to previous model as the calibration has been undertaken using
recorded flow data from within the system that has never been available before.
It is recommended that:
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The new gauge should be maintained and kept for assessment purposes.
Existing gauges should be maintained.
The influence of breakouts, losses and returns in the system is significant however
successful modelling of these relationships is limited by a lack of data. Additional
information regarding these characteristics would improve future models.

Hydrology Report Number 417201.PR/2

73

Department of Environment and Science

13 References
Burnash, R,J.C., Ferral, R.L., and McGuire, R.A. (1973). A Generalised Streamflow Simulation
System: Conceptual Modelling for Digital Computers, Joint Federal-State River Forecast Centre,
U.S. National Weather Service and California Department of Water Resources, Sacramento,
California.
Duan, Q., Gupta, V. K., and Sorooshian, S. (1992). A shuffled complex evolution approach for
effective and efficient global minimization, J. Optim. Theory Appl.
Kisters Pty. Ltd (2010) Hydstra Version 10
Morton, F.I. (1983) Operational estimates of area evapotranspiration and their significance to the
science and practice of hydrology, Journal of Hydrology 66, p 1-76
Qld DNRM (2003) Water Plan (Moonie) 2003

74

Hydrology Report Number 417201.PR/2

75

Department of Environment and Science

Appendix A – The Source Model

For managing rivers
eWater Source can be used in planning and operations modes for river management.
Source provides Australia’s first nationally applicable integrated modelling software combining river and catchment
modelling to support water planning and river operations across the country. Its use in river management is to simulate
the physical and management aspects of river systems at a range of spatial and temporal scales. It can be run in one of
two interchangeable operations and planning ‘modes’. The first mode is used to inform day-to-day operational decisions.
The second mode is used to inform policy decisions relating to the long-term impacts on water and environment
resources.

Overview
Source has been developed to address water sharing and savings for entire river and connected groundwater systems. It
offers important new features and capabilities dealing with water reform, climate change and environmental water.
It allows users to:





share water between environmental and irrigation demands
consider what impact climate change will have on water security
manage multiple water owners in storage and in transit in the river system
link existing models to build on current approaches.

Source provides a consistent modelling environment to support transparent river management decisions. Fundamental to
this design is the flexibility which makes it readily customisable and easy to update as new science becomes available.
New capabilities can be incorporated via plug-ins developed to suit particular needs.
Extensive trials with eWater partners have proved the capabilities of Source in river basins across the country.

Modes for planning and operations
The Source modelling package can be run in one of two inter-changeable modes: 'Operations' to inform day-to-day
operational decisions; and 'Planning' to inform policy decisions relating to the long-term impacts on water and
environment resources. This means that managers dealing with daily operations, water accounting and long term
planning will be able to efficiently and accurately compare analyses using a common platform and river system model.
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Planning
For assessing the longer term impacts of water resource policy on river behaviour and all users
The Planning mode is designed to explore how changes in policy and
management will affect the behaviour of the river system in the longer term. It
can be used by river managers to assess the impact of actual or potential
changes to the behaviour of the river system and the probable affect on
system storages, flows and water shares. By exploring the options, river
planners can decide on which management actions will optimise river
performance to meet planning objectives.
Source (Planning) is designed to:




determine which management rules will best meet planning objectives



explore the impact of changes in management, land-use and climate on river behaviour and water availability



model the supply, demand and use of water at a range of time scales



simulate complex management rules, such as continuous sharing



accommodate the needs and conditions of different river catchments across Australia



track and account for water shares and ownership



assess current and future water availability across entire river systems



interact efficiently with river operations.

Operations
For day-to-day operational decisions around the release and storage of water in regulated systems
The Operational mode of Source is designed to inform day-to-day decisions around
managing storage releases and delivery of water to meet demands in regulated river
systems.
It enables the user to build an operational model of the river. The operator can then
assess the impact of different operational scenarios on the way water moves through a
river system in response to storage releases, tributary inflows, losses, demands and
constraints.
Source (Operations) is designed to:






inform decisions on how the system should be operated to deliver water in the
short and medium term to consumptive and environmental users
inform decisions on water transfers between catchments, rivers and reservoirs
as specified in operation and management plans
inform changes in water delivery requirements as a consequence of external
drivers, such as water trading
decide on the optimum storage and weir operations to meet target watering regimes for consumptive and
environmental demands
interact efficiently with long-term river system planning.
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Appendix B – The Sacramento Model
The Sacramento rainfall-runoff model was developed by Burnash, Ferral and McGuire (1973).
It can be implemented through the computer programs WINSAC and/or IQQM. It is an explicit soil
moisture accounting type model developed by the United States National Weather Service and the
California Department of Water Resources, originally for flood forecasting applications.
The Sacramento model consists of a number of storages connected by catchment processes.
The model components and the relationships between them are shown on Figure A2.
Rainfall on the catchment is considered as falling on one of two types of surface: permeable areas,
or; impervious areas that are linked to the channel system. Runoff is produced from impervious
areas in any rainfall event.
The permeable area, in contrast, produces runoff only when the rainfall is sufficiently heavy. In this
portion, initial soil moisture storage (the upper zone tension storage) must be filled before water is
available to enter other storages. This represents the depth of precipitation required to meet
interception requirements and is water bound closely to soil particles. When this tension storage is
filled, water is accumulated in the upper zone free water storage, from where it is free to drain to
deeper storages or to move laterally to appear in the stream channel as interflow.
The vertically draining water, or percolation, can enter one of three lower zone storages, the lower
zone tension storage (the depth of water held closely by the soil particles) or one of the two lower
zone free water storages, primary and supplemental (that are available for drainage as baseflow or
subsurface outflow). The two free water storages fill simultaneously but drain independently at
different rates to produce the variable baseflow recession.
Evaporation occurs from surface water areas at the potential rate, but in other areas, varies with
both evapotranspiration demand and the volume and distribution of tension water storage.
The surface runoff and interflow are routed to the catchment outlet by a non-dimensional unit
hydrograph. In catchments where significant nonlinearities may be present, such as extensive
flood plains that may alter the mean travel times, a layered Muskingum routing technique,
effectively introducing a number of linear storage-discharge relationships, can be used.
To implement the model in a given catchment, a set of 18 parameters must be defined.
These parameters define the generalised model for a particular catchment. The parameters are
usually derived for a gauged catchment by a process of calibration where the recorded stream
flows are compared with calculated stream flows and the parameters are adjusted to produce the
best match between the means and standard deviations of the daily stream flows, and reducing the
difference in peak flow discharge.
For ungauged catchments, parameter sets from adjacent or nearby gauged catchments may be
used. A parameter set may be called a regional parameter set especially if the ungauged
catchment is located in the same local region where the catchment with the calibrated parameter
set is located.
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Figure A.0.1: Sacramento Model Schematic
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Appendix C – FORS
“Fors” is a simple hydrologic modelling platform, which can be used to build and run simple
hydrologic models. Its primary purpose is for calibrating Source models. To calibrate a Source
model using Fors, the user builds a replicate of their Source model (or part thereof) within Fors and
calibrates it with the Fors calibration tool. The calibrated parameters and data can then be used in
the original Source model.
Fors offers only a subset of Source functionality, limited to functionality required in a calibration
model. This includes Sacramento rainfall-runoff modelling, streamflow routing, losses, storages,
inflows, extractions, confluences, and anabranches. It emulates Source in the way these
processes are modelled, making it suitable for building and calibrating hydrologic models that can
then be ported directly to Source.
The advantages of Fors are:




Performance. Each Fors models runs about 100x faster than its Source equivalent.
Fors models can easily be run in parallel, and the Fors calibration tool takes advantage of
this to achieve overall performance over 1000x faster than Source.
Smarter calibration objective functions. The objective functions have been developed by
DSITIA to achieve balanced performance in several areas: daily flow (both high and low
regimes), total volume, and exceedance curves. There is still room for improvement, but we
have come a long way from the old NSE or NSELog objective functions.

Fors uses a text-based model file format making it easy to save, edit, share, and compare models.
The calibration tool uses a parallelized Shuffled Complex Evolution (SCE; Duan etal 1992)
optimization algorithm.
Development of Fors started in early-2013, building upon work done for the Flinders and Gilbert
Agricultural Resource Assessment (FGARA) project in 2012.
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Appendix D – The DMM Inflow Adjustment Process
RUNDMM2S
RUNDMM2S is a data modification module (DMM) that consists of a number of programs that can
be used to adjust subarea inflows on a daily basis to give good agreement between the Source
modelled flow and the flow recorded at a stream gauge.
The inflows estimated by the calibrated Sacramento model for each subarea are used in the
Source to simulate the flows at the stream gauge for the period of record. The DMM compares the
recorded and simulated flow to determine daily factors that are used to adjust the inflow
sequences.
When the modelled flow is greater than zero, the daily inflow from each subarea is multiplied by the
following factor:
Factor = (Measured Flow + Residual difference) / (Modelled Flow + Residual difference)
where the Residual difference from the Source model that is specified by the user.
When there is no modelled flow, a daily flow is added to the appropriate daily flow in each inflow
sequence. The amount of flow added to a particular subarea inflow is determined by the difference
between the measured flow and the modelled flow scaled by a factor. The scaling factor is usually
estimated by dividing the subarea area by the total catchment area upstream of the gauge.
The DMM process is undertaken in two steps. In the first step, the factors are estimated from the
measured and modelled flow. In the second step, the factors are applied to the inflow sequences
allowing for any lag caused by routing in Source. In the second step, the user can define the
periods of time that the DMM factors are to be applied.
It should be noted that the IQQM is nonlinear because of routing, impacts of weirs and losses that
depend on the flow. The DMM process is essentially a linear process. Therefore in most situations
it may be necessary to iterate the process a number of times. In some situations, smoothing may
have to be used to smooth out oscillations in the low flows.

Residual Catchments
In adjusting the subarea inflows for residual catchments, which are catchments between two
stream gauges, the process needs to take into account the flows recorded at the upstream gauge
(or gauges). Because these flows have been recorded, they cannot be adjusted. All adjustments
have to be carried out on the subarea inflows downstream of the upstream gauge.
The formula used to calculate the adjustment factors in this situation are as follows.
When the modelled flow is greater than the upstream flow, the daily flow from each subarea is
multiplied by the following factor:
Factor = (Measured Flow – Upstream Flow + Residual difference) / (Modelled Flow –
Upstream Flow + Residual difference))
where the Residual difference is the Residual difference in the Source model specified by
the user.
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When the modelled flow is less than the upstream flow, a value is added to each subarea inflow as
described above.
If there is routing and lag between the upstream gauge and the downstream gauge, the upstream
flow sequence should be routed through Source before being used in the program.
When there are inconsistencies between the rating curves of the two gauges, the DMM process
will try to compensate. For example, if the rating curve of the upstream gauge underestimates the
flow, then the DMM process will increase the flow in the downstream catchments to ensure that the
predicted flow at the downstream gauge matches the upstream flow. A small discrepancy can be
almost impossible to detect. If the rating curve of the upstream gauge overestimates the flow, the
DMM process will reduce the flow in the downstream catchments. If the problem is severe, there
will be no flow in the downstream catchments. This situation is easier to detect. Any suspicions
about the stream gauge ratings are referred to the hydrographers.
However, it cannot change the poorly-routed flow from the upstream gauge. This usually leads to
an overestimation of the flows. This can be dealt with using an overall adjustment process built into
the software.

Multiple Reaches
The DMM process is carried out in each reach upstream of a gauge. When this process has been
completed for each reach, a daily inflow sequence is created for each subarea upstream of the
stream gauge consisting of flows originally estimated using the Sacramento model. In some
periods, the flow has been adjusted using the DMM process to give good agreement to the flows
recorded at the downstream gauge. For the periods of time when there is no recorded data at the
gauge, the flows are purely Sacramento model estimates.
In the final Source model, the flow at a downstream gauge is an accumulation of all the subarea
inflows from all the reaches upstream. Sometimes there is a long-term gauge at the end of system
and a comparison between the predicted flow and the recorded flow shows considerable losses in
the period where the upstream subarea flows are based purely on the Sacramento model. In this
situation, the DMM process can be applied to all the subarea inflows upstream. This is done only
for the periods when there is no local stream gauge data to undertake a local DMM process.

FORSDMM
ForsDMM works similarly to RUNDMM2S iteratively adjusts the model inflows to achieve observed
flows at the 'target gauge' but reads in a Fors model. The adjusted inflows are then saved for future
use. The target gauge is the gauge where you desire to improve the flows. ForsDMM automatically
detects the target gauge – it is the most downstream gauge in your Fors model for which you have
provided observed data.
ForsDMM will automatically detect all the inflow nodes upstream of the target gauge. These are the
ones which it may adjust to improve flows at the target gauge.
If some of the inflows are well determined from streamflow gauge data, ForsDMM can prevent
inflows to be adjusted during those periods. This is pertinent for headwater inflows during periods
where gauge data is available, and for residual inflows when gauge data is available both
upstream and downstream of the residual reach. ForsDMM will automatically detect where gauge
data has been specified and will not adjust any inflows above that gauge data during the relevant
periods. Similarly ForsDMM can prevent calculated residual inflows from being adjusted.
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Appendix E – NEGFLO6S
NEGFLO6S can be used to calculate the difference between two Source format files. It is
especially useful for calculating the residual catchment inflow by subtracting the upstream gauged
flow routed through a Source model from the flow recorded at the downstream gauge.
The subtraction can generate negative flows due to differences in routing. If the flows are set to
zero, the resultant modelled flows can significantly exceed the measured downstream flow. This
can cause a particular problem if the reach flows into a dam, so the final model tends to predict
higher dam levels than the recorded levels. Therefore, NEGFLO6S includes a number of methods
for correcting the positive flows.
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Appendix F – Sacramento Model Calibrations Daily Flows
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Appendix G – Validation Model Daily Flows
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Abbreviations
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AHD

Australian Height Datum

AMTD

Adopted Middle Thread Distance

APFD

Annual Proportional Flow Deviation

BoM

Bureau of Meteorology

CA

catchment area

CINRS

Climate Impacts and Natural Resource Systems (a group within DERM)

Ck.

Creek

cumecs

cubic metres per second

DERM

Department of Environment and Resource Management (Qld)

DLWC

Department of Land and Water Conservation (NSW)

DMM

Data Modification Module

DPI

Department of Primary Industries

D/S

downstream

DS

dead storage

DVWSS

Dawson Valley Water Supply Scheme

EFO

Environmental Flow Objective

FBWSS

Fitzroy Barrage Water Supply Scheme

FSA

full supply area

FSL

full supply level

FSV

full supply volume

GL

gigalitres

GS

Gauging Station

ha

hectare

HNFY

historical no-failure yield

HW

headwater

IQQM

Integrated Quantity-Quality Model

IRM

Integrated Resource Management

km

kilometres

km2

square kilometres
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Lat

latitude

LFWSS

Lower Fitzroy Water Supply Scheme

Long

longitude

m

metres

MAD

Mean Annual Diversion

MAF

Mean Annual Flow

MAR

Mean Annual Rainfall

MARO

Mean Annual Runoff

Max

maximum

Min

minimum

ML

megalitres

mm

millimetres

mth

month

m3/s

cubic metres per second

n/a

not applicable

NMWSS

Nogoa Mackenzie Water Supply Scheme

PET

potential evapotranspiration

ROL

Resource Operations Licence

ROP

Resource Operations Plan

Qld

Queensland

SID

Storage Inflow Derivation

SILO

DSITI’s Internet website that provides meteorological and agricultural data

TWS

town water supply

U/S

upstream

WASO

Water Allocation Security Objectives

WERD

Water Entitlements Registration Database

WRP

Water Resource Plan

WSI

Water Sharing Index

WSS

Water Supply Scheme
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Glossary
Alluvial: Alluvial refers to deposits of clay, silt, sand, gravel, or other particulate material that has
been deposited by a stream or other body of running water in a streambed, on a flood plain, on a
delta, or at the base of a mountain.
Adopted Middle Thread Distance (AMTD): AMTD is the distance in kilometres, measured along
the middle of a watercourse, from the mouth or junction.
Allocation: A water allocation is an authority granted under section 121 or 122 of the Water Act
2000 to take water.
Announced allocation: Announced allocation is a ratio (expressed as a percentage), which is
announced from time to time by the Resource Operation Licence holder which sets a limit to the
amount of supplemented water which a water allocation holder can divert during the water year as
a proportion of the water allocation holder’s nominal volume. The announced allocation may
increase but cannot decrease during a water year.
Aquifer: An aquifer is a body of permeable material or rock, capable of transmitting significant
amounts of water underlain by impermeable material and through which underground water flows.
Artesian (water): Artesian water is water that occurs naturally in, or is introduced artificially into,
an aquifer, which if tapped by a bore, would flow naturally to the surface.
A-depletion: A-depletion is the depletion (expressed in millimetres) in soil moisture from the
maximum soil moisture capacity that a crop can withstand before it requires watering to sustain it.
Once the A-depletion value falls below the nominated value, the allocation holder starts placing
irrigation water orders to restore the soil moisture capacity to the nominated A-depletion value.
Authorisation: An authorisation refers to a licence, permit, interim water allocation or other
authority to take water given under the Water Act or a repealed Water Act, other than a permit for
stock or domestic purposes.
Annual Proportional Flow Deviation (APFD): APFD refers to the statistical measure of changes
to flow seasonality and volume in the simulation period.
Baseflow: Baseflow is the natural stream flow derived from underground water seepage from
aquifers and/or through the lateral movement of water through soils and into the stream. At times
of peak flow, baseflow represents only a small proportion of total flow, whereas in periods of
drought, it may represent all of the flow.
Basin: A basin is the total area from which water drains to a river system, or a grouping of
adjacent river systems. In geological terms, a basin is defined as either a broad tract of land in
which the rock strata are tilted toward a common centre, or a large, bowl-shaped depression in the
surface of the land or ocean floor.
Benefited/Supplemented groundwater area: A benefited/supplemented groundwater area
contains aquifers that are recharged from augmented surface water supplies from water storage
structures.
Bore: A bore is a hole drilled to extract, recharge or investigate groundwater resources. In the
Water Act, it means a shaft, well, gallery, spear or excavation and any works constructed in
connection with the shaft, well, gallery, spear or excavation, which taps the aquifer.

112

Hydrology Report Number 417201.PR/2

Calibration model: A calibration model involves the modelling of flows, extractions, operational
rules and infrastructure that occurred historically.
Catchment: A catchment is an area, bounded by natural topographic features such as hills or
mountains, from which a drainage system derives its water.
Confluence node: A confluence node is defined as a node representing the confluence of two
watercourses. These watercourses may be supplemented or unsupplemented streams.
Current development: The current development case is modelling the existing entitlements within
the system, to the degree to which they are presently operating. Authorisations are set to take only
the water they are currently accessing, as indicated by data investigation reports and knowledge of
the system operation.
Dam: A dam is works that include a barrier, whether permanent or temporary, that does, or could,
or would, impound, divert or control water; and the storage area created by the works.
Discharge (water): Discharge is the rate at which a volume of water passes through a crosssection per unit of time; measured in cubic metres per second (m3/s) or in megalitres per day
(ML/d).
Distribution efficiency: Distribution efficiency is the efficiency of the system in delivering water
from the dams to the users. This is determined by dividing deliveries by releases. (Note: this often
excludes hydropower releases and deliveries).
Data Modification Module (DMM): DMM is a program used to adjust inflows using recorded flows
downstream.
Drawdown: Drawdown is the lowering of the water table resulting from the extraction of water.
Entitlement: A water entitlement is a water allocation, interim water allocation or water licence.
Environmental flow: Environmental flow is the flow required to sustain a healthy environment.
The release of water from a storage to a stream to maintain the healthy state of the stream.
Environmental Flow Objective (EFO): An EFO is a flow objective associated with a water
resource plan (WRP), for the protection of the health of natural ecosystems for the achievement of
ecological outcomes.
Event duration: The event duration for a flow at a point in a watercourse, means the period of
time when the discharge is greater than or less than the level necessary for a particular riverine
process to happen.
Full development case: The full development case is modelling the full use of existing
entitlements within the system. Authorisations are set to take all the water they are allowed to,
regardless of climate or other factors not specifically mentioned in the licence. Generally, the full
development case represents a higher level of use than the current development case, as it can
include underutilised licences and sleepers.
Headwater: A headwater reach is the source and upper reaches of a stream.
Hydrograph: A hydrograph is a graph showing the change in stream flow discharge at some
location over time.
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Hydrologic model: A hydrologic model is a computer program that simulates stream flows, water
losses, storages, releases, in-stream infrastructure, water diversion and water management rules
within a river system.
Infiltration: Infiltration is the downward entry of water into soil through the soil surface.
Integrated Quantity-Quality Model (IQQM): IQQM is a computer program, with associated
statistical analysis and reporting programs, which simulates daily stream flows, flow management,
storages, releases, instream infrastructure, water diversions, water demands and other hydrologic
events within a modelled area.
Licence: A water licence is licence granted under chapter 2, part 6, division 2 of the Water Act
2000 for the taking and using of water or for interfering with the flow of water. A water licence does
not have a specified performance.
Licence volume: Licence volume is the nominal volume of water that may be taken under a water
licence in one water year. The amount drawn may be subject to other licence conditions or
allocation rules.
Link: A link in an IQQM model is a reach of river between two nodes.
Low flow regime: The low flow regime for a watercourse refers to magnitude, frequency, duration,
timing and rate of change of low flow through the watercourse.
Mean Annual Diversion (MAD): The mean annual diversion is the average volume of water taken
by an allocation or group of allocations in a year. It is calculated by adding the total volume of
water taken over a period of years and dividing by the number of years in that period. The
calculation is performed on a water year basis.
Mean Annual Flow (MAF): The mean annual flow is the average volume of water in a year that
would flow past a point and is calculated by adding the total volume of flow over a period of years
and dividing by the number of years in that period. The calculation is performed on a water year
basis.
Node: A node in an IQQM model is used to represent a point on a river system where certain
processes occur. The node type identifies the rules and parameters that are used by the model to
simulate the relevant processes at a given location.
Nominal operating volume: A nominal operating volume of a storage is the level that is to be
maintained during the specified period by releasing extra water (if available) from the upstream
storage.
Nominal volume: A nominal volume is the volume of water, in megalitres, that represents the
proportional annual volumetric share of water available to be taken by holders of water allocations
in a priority group or a water allocation group.
On-Farm storage: An on-farm storage is a private storage constructed on a property to store
water.
Order time: Order time is the number of days in advance that an order has to be made to ensure
that the ordered water arrives on time.
Over order factor: An over order factor in an IQQM model is the factor by which water orders
need to be increased to account for operational inefficiencies in a water supply scheme. This factor
is additional to transmission losses in the model.

114

Hydrology Report Number 417201.PR/2

Overland flow water: Overland flow water is water, including floodwater, flowing over land, other
than in a watercourse or lake after having fallen as rain, or after rising to the surface naturally from
underground, or in any other way.
Pre-development case: The pre-development case is created by removing all infrastructure,
diversions and operation rules from the full development case. No adjustment is made for the
effect of land clearing, natural changes in river course, or climate change.
Performance indicators: Performance indicators are measures that are calculated and stated in
the WRP with the purpose of assessing the effect of allocation and management decisions or
proposals on water entitlements and natural ecosystems.
Plan Area: The Plan Area is the total area to be managed under the WRP.
Pseudo crop method: The pseudo crop method involves the arrangement of evaporation, crop
factors and planted area in an IQQM model to ensure that the full amount of water allowed to be
diverted each year is diverted if available.
Reach: A reach in an IQQM model is a series of nodes connected by links. A river reach refers to
a defined stretch of river.
Recharge (of underground water/aquifer): The replenishment of underground water by the
gradual downward movement of water from the soil to the water table, by actions such as rainfall,
overland flow or infiltration from streams percolating through the unsaturated zone; the volume of
water added to the amount of water stored in the aquifer over a particular period; by artificial
means, such as direct injection.
Resource Operations Licence (ROL): A ROL is granted under section 108 of the Water Act 2000
and in accordance with a resource operations plan (ROP). It authorises the holder of the licence to
interfere with the flow of water to the extent necessary to operate the water infrastructure to which
the licence applies.
Resource Operations Plan (ROP): A ROP is used to implement a WRP in specified areas.
It details the operating rules for water infrastructure and other management rules that will be
applied in the day-to-day management of the flow of water in a reach or subcatchment. ROP
specifies water access rules, environmental flow rules, trading rules, the conversion of licences to
water allocations and monitoring requirements.
Return flow: Return flow is the water that flows out of the end of a channel system and back into a
natural river system without being diverted by any user.
Riparian: Riparian refers to the area adjacent to a watercourse. Riparian access refers to an
authority for an owner of land abutting a watercourse to take water for stock watering or domestic
purposes.
River section: A river section in an IQQM model comprises a chain of links and nodes
commencing with a headwater inflow node or a confluence node and finishing with a confluence or
end-of system node.
Riverine: Riverine refers to rivers and their flood plains.
Routing: Routing occurs as water flows from one point to another in a system. Routing is the
attenuation (flattening out) of the flow hydrograph as water moves down the system.
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Scenario/Simulation model: A scenario/simulation model involves a fixed set of parameters for
infrastructure, rules and licences. Scenario/simulation models are used to produce a
representation of what may occur in the system, if the selected set of parameters were in place.
Simulation period: The simulation period is defined by the start and end dates of the model.
Sleepers: A sleeper is a licence which is current, but not in use.
Subartesian water: Subartesian water is water that occurs naturally in, or is introduced artificially
into an aquifer, which, if tapped by a bore, would not flow naturally to the surface.
Subcatchment area (subarea): A subarea is a portion of a catchment within the Plan Area.
A subarea may be physically defined or simply a result of breaking the catchment into smaller
sections for the purposes of modelling.
Supplemented: Supplemented refers to a water supply where the natural flow is reduced or
increased by a dam or some other water storage facility.
Surface water: Surface water is water that is on the earth’s surface, such as in a watercourse,
spring, lake or reservoir.
Sustainable management: Sustainable management allows for the allocation and use of water for
the physical, economic and social wellbeing of people within limits that can be sustained
indefinitely while protecting the biological diversity and health of natural ecosystems.
Transmission losses: Transmission losses are losses from surface water (other than into defined
groundwater systems) as it flows from one location in a system to another. This can include
evaporation, seepage, uptake by plants and unauthorised usage.
Tributary: A tributary is a stream that joins another stream or body of water.
Tributary recession factor: The tributary recession factor in an IQQM model specifies the
percentage of each tributary inflow which can be used by downstream water users as part of the
supplemented water supply.
Underground water: Underground water or groundwater is water found in the cracks, voids or
pore spaces or other spaces between particles of clay, silt, sand, gravel or rock within the
saturated zone of a geologic formation. In the saturated zone, all cracks, voids or pore spaces are
completely filled with water – not to be confused with soil water in the unsaturated zone where
voids are filled with both air and water. The upper surface of the saturated zone is called the water
table.
Underground water levels: The physical measurement of the distance from the natural surface or
reference point to the water surface in a subartesian bore when it is in a fully recovered state.
A negative value indicates that the water level is below the reference point. Underground water
level measurements provide an estimate of the ‘depth to the water table’ – or upper surface to the
saturated zone – where the reference point is the natural surface.
Unsupplemented: Refers to water in a watercourse that is not supplemented from storage or
diversion facilities.
Water year: A water year is a continuous 12-month period starting from a specified month, used
for the accounting of entitlements.
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Water Allocation Security Objectives (WASO): WASOs are objectives that may be expressed
as performance indicators and are stated in a WRP to ensure protection of a water entitlement to
obtain water in accordance with a water allocation.
Water Supply Scheme (WSS): A WSS is a water infrastructure development designed and
constructed for storage, supply and distribution of water from and to a watercourse.
Water harvesting: Water harvesting is an entitlement to take unsupplemented water from a
watercourse during specified high flow events and generally involves diverting water into an onfarm storage for later use. Water harvesting is licensed.
Weir: A weir is a barrier constructed across a watercourse below the banks of the watercourse that
hinders or obstructs the flow of water in the watercourse.
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