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2  FINDINGS -
PREDICTION

2.1 ACCURACY AND
TIMELINESS

The accuracy and timeliness of the flood
predictions were extremely variable. They
ranged from many accurate, timely predictions
to forecasts which under- or over-estimated
flood levels by considerable depths, and others
which anticipated arrival times which were
much earlier or later than those with occurred.

The reasons for some of the warnings not
being as accurate or as timely as desirable
were manifold and were at times due to a
combination of factors.

In summary:

It was generally acknowledged by almost
all interviewees that the warnings in the
north-east of the state are the best overall
in terms of both timeliness and accuracy.

There were mixed opinions about the
Wimmera warnings, with some saying
that for operational purposes they were
both timely and accurate, while others felt
there was some confusion, particularly
with regard to what information was
available to the public.

Almost everyone said that significant
improvements are needed in the
timeliness and accuracy of warnings in
the north-central catchments. Opinions
varied as to what is a timely and accurate
warning in the context of flooding in the
lower parts of these catchments.

All acknowledged that timely warnings
were difficult to provide in the Mt Emu
Creek catchment in the south-west of the
state and accurate warnings were not
possible.

The following elaborates further on the above
observations by comparing the BoM forecasts
and actual flooding for selected events at
selected gauges in catchments which
experienced major flooding at least once
between September 2010 and February 2011.
It also compares them to benchmarks set by
directives, MOUs and performance indicators.
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It has not been practical within the time
available to compare all events at all gauges in
the catchments of interest.

2.1.1 BoM Self Evaluation

The BoM undertook its own analysis of the
performance of the following three of its four
warning products at selected locations:

Flood scenarios — a table of possible
flood scenarios based on different future
rainfall combinations. This is a new
product which is only produced if severe
rainfall is expected across a wide area.
This product is only sent to organisations
involved in emergency response.

Flood Watch — a heads-up that significant
flooding is likely in a CMA region

Flood Warning — a specific warning for a
river. It may include quantified warnings
at some locations and some of these
locations may also have the flood
classified as ‘minor’, ‘moderate’ or ‘major’.

Its fourth product - a ‘severe weather warning’
- which can include warnings of flash flooding
was not included in the analysis. It should also
be noted that not all warning products are
available in each catchment and in some
events the warnings were provided but the
flooding did not eventuate.

The results of the BoM analyses for
September 2010, January 2011 and February
2011 are shown in Figure 1, Figure 2 and
Figure 3.

2.1.2 Molino Stewart Evaluation

Molino Stewart undertook a more detailed
analysis of the quantified Flood Warning
product at key gauges in each catchment and
compered the forecast height and timings to
actual gauge readings for selected events.

The results of these analyses are presented in
Figure 4 to Figure 13

2.1.3 Comparison with KPIs

This section compares the warning product
analyses described in sections 2.1.1 and 2.1.2
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with relevant published key performance
indicators for each location.

No evaluation was made of the flood scenarios
as this product is not currently covered by any
service level agreement and so there is no key
performance indicator for this product.
However, it should be noted that in September
2010 and February 2011 this product was
provided about 24 hours in advance of a flood
watch in each river, where it was available.

By contrast, in January 2011, with the
exception of the Ovens and King, the flood
scenarios were not available until about four
hours after flood watches had been issued.
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Figure 1: Timing of September 2010 Flood Warning Products
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Figure 2: Timing of January 2011 Flood Warning Products
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Figure 3: Timing of February 2011 Flood Warning Products
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a) Ovens

According to the BoM analysis, a Flood Watch
was issued between 1.5 and three days before
floods peaked at Docker Rd gauge and a flood
warning issued between 15 and 27 hours
before the flood peak. The January floods had
the shortest warning times.

The Ovens Flood Warning Manual (also
referred to as the Ovens Directive) stipulates
that flood watches should be issued 24 to 36
hours in advance of flooding. While this target
was met in relation to a comparison of Flood
Watch versus Flood Peak, it is arguable that
the onset of minor flooding should be the point
at which a Flood Watch is measured from for
benchmarking performance.

It is noted that generally the Flood Watch
preceded the first Flood Warning by between
24 and 48 hours.

The Manual also sets out expected forecast
model accuracy with regard to levels and
timing and states that minor and moderate
flood warnings should be given at least twice
daily and major flood warnings at least every
six hours.

Figure 4 shows the gauge readings at
Wangarratta for the September 2010 flood
over which has been superimposed lines
showing the time that warnings were issued
and the forecast height and timing. Where
there are dashed lines the forecast omitted
that parameter or gave a range.

Figure 4 shows that moderate flood warnings
were given at least twice daily and major flood
warnings at least every six hours. The first
flood warning was given 24 hours before the
minor flood level was reached and the first
flood watch a further two days earlier. At this
location therefore the Manual target of Flood
Watches being issued at least 24 hours ahead
of flooding was met.

The Manual suggests that a level accuracy of
0.1m should be achievable with a timing
accuracy of about three hours. These levels of
accuracy were achieved with a warning time of
almost 24 hours and the exact peak was
forecast 18 hours in advance. In this regard,
this warning met these performance indicators,
although it must be noted that these are not

agreed levels of service, but rather estimates
of model accuracy.

The Manual recommends that it is desirable to
include in the flood warnings a comparison
with historical events. The major flood warning
included a note that ‘the expected flood levels
will generally be the largest since September
1998’ which fulfilled this requirement. This
flood was smaller than other historical floods,
so0 1998 was an appropriate comparison.

Intelligence Officers and Incident Controllers
who were involved in the September 2010
floods in Wangaratta said that from their
perspective the flood forecasts were very
timely and accurate for Wangaratta.

b) Goulburn Broken

The Broken River and Seven and Castles
Creeks are part of the Goulburn Basin but are
considered in separate flood warning manuals.
The Broken River Manual dates from 1985 and
does not include any key performance
indicators, The Seven and Castles Creek
Manual was not provided by the BoM for this
review.

The Goulburn Basin Flood Warning Manual
(also referred to as the Goulburn Directive)
makes reference to Shepparton on the
Goulburn River amongst many other locations
but states that predictions for Orrvale on the
Broken River and Kialla West on Sevens
Creek should also be included for flood
response at Shepparton’. The copy provided to
Molino Stewart had many handwritten notes
throughout, suggesting that more work is
needed on the document to make it more
useful during a flood.

Examination of the Total Flood Warning System in Victoria - Report
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Flood predictions for Ovens River at Wangaratta
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Figure 4: Flood Predictions for Wangaratta

Examination of the Total Flood Warning System in Victoria - Report 11



i) Shepparton

The Manual suggests that model accuracy at
Shepparton would be within 0.2m of actual
levels and within 24 hours with regard to
timing. It also notes that events with large peak
timing errors have long flat peaks. Long flat
peaks are possible at Shepparton as it is at the
junction of three watercourses and the relative
timing of their peaks will affect the size and
duration of the peak at Shepparton.

The Manual also stipulates that major flood
warnings should be issued every six hours at
least, and minor and moderate warnings at
least twice daily.

Figure 5 shows Shepparton forecasts against
gauge readings for the September 2011 flood.
The first flood watch was given more than
three days before the minor flood level was
reached.

The BoM'’s initial flood level prediction for the
Goulburn River at Shepparton at 9:49am 5"
September was “Initial indications are that a
peak around the major flood level (11m), is
expected during Tuesday”. This proved to be
an excellent estimate of the eventual peak
level of 11.1 metres.

The prediction was subsequently revised to
11.1 metres the next day at 8:47am, still two
days away from the eventual peak and virtually
spot on the recorded peak. This is well within
the suggested accuracy limits of the model.

Although the peak level was close to that
predicted days in advance and this forecast
level changed little, this was a major flood level
and warnings were not issued every six hours
as set out in the Manual.

As required by the Manual, forecasts for Kialla
West and Orrvale were also provided (Figure 6
and Figure 7 respectively).

i) Kialla West

The first flood watch was given nearly three
days before minor flood levels were reached.

The initial peak level prediction for Seven
Creeks at Kialla West was contained in the
Goulburn River and tributaries flood warning
issued at 9:49am Saturday 4" September
which read, “Seven Creeks at Kialla West is
rising, and will exceed the minor flood level

(4.5 metres), later Sunday. Initial indications
are that a peak around the major flood level
(6.0 metres), will occur during Monday.”

Three subsequent flood warnings maintained
this same peak level prediction of 6.0 metres

By 8:47am Monday 6" September the
Bureau’s flood warning reported that “Seven
Creeks at Kialla West is currently above the
Major Flood Level (6.0 metres) and rising. It is
expected to peak at around 6.6 m during
Monday”.

What the flood warning did not say was that
the level had risen steadily overnight Sunday
to be around 6.5 metres by 8:47am Monday
morning, 0.5 metres higher than the Bureau’s
peak prediction 10 hours earlier.

This later flood prediction was fairly close to
the eventual flood peak of 6.66 metres on
Seven Creeks at Kialla West around midday
Monday 6" September.

The timing of the peak level of Seven Creeks
at Kialla West was excellent from the outset.
The flood warning for the Goulburn River and
tributaries at 11:26pm Saturday 4" September
said, "Forecasts for Seven Creeks at Kialla
West will be provided when upstream gauges
have peaked".

However, both upstream gauges on Seven
Creeks at Euroa and Stony Creek at Tamleugh
had peaked by this time. This meant that 10-11
hours of advance flood warning time was lost
for the rural community living around Kialla
West.

It should also be noted that the Bureau’s Flood
Warnings repeatedly referred to the Major
Flood Level for Seven Creeks at Kialla West
being 6.0 metres, whereas it was in fact 6.6
metres.

iii) Orrvale

The first flood watch preceded minor flooding
by more than three days.

The Bureau's flood warning at 11:36 am
Sunday 5th September reported that “The
Broken River at Benalla peaked at 4.10 metres
Sunday morning (major flood level 4.50
metres), and is now at 3.98 metres and falling.”

Examination of the Total Flood Warning System in Victoria - Report
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Flood predictions for Goulburn River at Shepparton
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Figure 5: Flood predictions for Shepparton
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Flood predictions for Seven Creeks at Kialla West
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Figure 6: Flood Predictions for Kialla West
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3.4

Flood predictions for Broken River at Orrvale
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Figure 7: Flood Predictions for Orrvale
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That flood warning also said that “Broken River
at Orrvale is currently at 4.98 metres and
rising. The Broken River at Orrvale is expected
to exceed the minor flood level (6.8 metres),
Sunday afternoon. Forecast of a peak at
Orrvale will be provided once upstream
gauges have peaked”.

As there is no significant inflow along the
Broken River from Benalla to Orrvale, a
preliminary prediction could have been
expected at this time for Orrvale as the river
had peaked at Benalla.

Eight hours later the Bureau issued the next
flood warning at 7:37 pm Sunday 5th
September containing the first peak flood level
prediction for the Broken River at Orrvale
which said, “Broken River at Orrvale is
currently at 5.92 metres and rising. The river
will exceed the minor flood level (6.8 metres)
during early Monday morning. Initial indications
are that a peak of around 8.0 metres (Major
Flood Level 7.9 metres), will occur during
Monday evening.”

The peak level at Orrvale was initially under-
estimated by around 0.2m while the third and
fourth flood predictions at 7:36am and 1:05 pm
Monday 6th September predicted the peak
precisely about 35 hours beforehand.

The subsequent peak level predictions were
incrementally increased as the water neared
the actual peak of 8.21m at 9:10pm Tuesday
7th September.

Overall, although there are no performance
indicators for this gauge, a forecast within 0.2
metres 35 hours in advance would have to be
considered to be a timely and accurate
forecast. It is understood that this was done in
the context of a serious gauge malfunction at
Benalla upstream on the Broken River which
as an important predictor of flooding at
Orrvale.

iv) Benalla

Despite issues with the Benalla gauge in
September 2010, the first quantified Flood
Warning was able to be given 30 hours before
the flood peak according to the BoM analyses
(Figure 1). Similar advanced warning was able
to be given in January 2011 but only half this
time in February 2011. As stated elsewhere in
this report, the BoM analysis does not

compare the Flood Watch or the Flood
Warning against the onset of flooding although
it is noted that there are no performance
targets agreed for this location.

v) Euroa

Less advanced warning was given in Euroa on
Seven and Castle Creek where in September
the flood warning preceded the peak by about
12 hours and in February only by about three.
In January two days warning were available.

vi) Seymour

The BoM has reported that there is a service
level agreement that Seymour upstream of
Shepparton should get more than six hours
warning of the flood peak.

With regards to that latter point, the BoM
analyses suggest that the time from the first
guantified Flood Warning to the peak in
September 2010 was about 18 hours and in
January 2011 about 27 hours. This does not
mean that the peak forecast was more than six
hours before the arrival of the peak. By
contrast, in February 2011 (Figure 3) the first
Flood Warning was less than six hours before
the peak and therefore the peak forecast must
have failed this agreed target timing.

vii) General

An Intelligence Officer who was working in the
Shepparton ICC in September said:

‘Timeliness improved as the flood went down
the system because the BoM had a longer
lead time to firm up predications. | felt what
came from the BoM was pretty good which
reflects the investment made by GBCMA in
flood data collection and modeling.’

Accuracy also improved as the flood moved
downstream because the upstream areas are
more dynamic; relying more on rainfall than
stream gauging.”

c) Campaspe

The Campaspe Directive, which is dated 1993
and includes sections which date from 1985,
sets out details of how to undertake flood
forecasting for this river. Other than a
requirement to issue minor and moderate flood
warnings twice a day and major flood warnings

Examination of the Total Flood Warning System in Victoria - Report
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at least six-hourly, there are no other
performance indicators for warnings on this
river.

i) Barnadown

The BoM analyses at Barnadown show that
Flood Watches were consistently issued one
and a half days before the first flood warnings
in each of the three events. However, the first
flood warning was only 15 hours before the
flood peak in September and February,
compared to 45 hours in January.

i) Rochester

Rochester, which is further downstream did not
flood in September 2010 but experienced
significant flooding in January 2011 and there
were issues with the timeliness and accuracy
of the flood warnings.

Figure 8 compares the forecasts with the
gauge reading for Rochester. It shows the
flood watch was issued three days before
minor flooding occurred.

From Molino Stewart interviews with people
involved in the warning process, review of the
Campaspe Directive and analysis of the data it
would appear that the problems around the
warnings at Rochester stemmed mainly from
the fact that there are two gauges which
provide flood information for Rochester.

There is the Rochester Town gauge which is a
manually read gauge within the township and
there is the Rochester Syphon gauge which
can be read remotely.

The Directive states that ‘large floods at
Rochester normally require an appreciable
outflow from Eppalock Storage.’ In September
this storage was drawn down considerably and
Rochester did not flood.

In November 2010, there was reportedly a
moderate spill from Eppalock Storage which
was enough to combine with other flows to
cause flooding in Rochester just under a major
flood. It was explained to Molino Stewart that
in that flood the caravan park and some streets
flooded. All warnings were given in relation to
the Rochester Syphon gauge only but were
exactly right.

Afterwards, the community had complained
that it struggled with the BoM predictions

MOLINO STEWART
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because they were not given for the Rochester
Town gauge and residents did not know how
to relate the Syphon gauge forecasts to the
Town gauge.

The Campaspe Directive has a diagram which
shows a relationship between the Town gauge
levels and Syphon gauge levels and directs
forecasters to its use without actually stating
that forecasts need to be given for both
gauges.

In January 2011, the first three warnings were
given for the Rochester Syphon gauge only but
the subsequent two included additional
forecasts for the Rochester Town gauge.

The first peak level prediction for the
Campaspe River at Rochester Syphon was at
9:11am Friday 14™ January when the Bureau
advised “The river is expected to reach the
minor flood level during Saturday afternoon,
with an expected peak between the Moderate
[8.8m] and Major flood levels [9.1m] during
Sunday”.

It is understood that at a public meeting in
Rochester around 4pm Friday 14" January a
NCCMA representative told the community
assembled there that “we’re expecting this
time for the flood level to peak at 114.8
metres”, referring to the Rochester Township
gauge.

Shortly afterwards, the BoM issued a warning
that it was expecting the river to reach major
flood levels and this was updated at 11:14pm
with a warring which stated “Further rises are
expected with the River expected to reach the
Major Flood Level (9.1 metres) during
Saturday morning and peak during Sunday”
with no peak level forecast given in this
warning.

It was reported in interviews that the CMA
manager took a map to the Friday afternoon
community meeting showing what the extent of
the latest forecast meant and gave copies to
attendees. A few local residents expressed
views at the meeting and rang the ICC saying
they thought the flood would be much higher
than forecast and more like 1956.

17
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Flood predictions for Campaspe River at Rochester
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The Intelligence Unit within the ICC looked at
the Barnadown gauge readings and concurred
that flooding in Rochester would be of a similar
magnitude as 1956. This was communicated
to the IC but Molino Stewart investigations
have not been able to ascertain whether this
information was communicated back to the
BoM.

The next official flood warning was not issued
by the BoM until 8:42am Saturday 15"
January, around the time the Major Flood
Level [9.1m] was reached downstream at the
Rochester Syphon gauge. This was more than
six hours since the previous warning, contrary
to the requirements of the directive.

This was the first warning in which BoM
included forecasts for the town gauge. In this
warning the Bureau said the Rochester
Township gauge “had been exceeded by
floodwaters where the level is estimated to be
at around 114.8m AHD. Small additional
stream rises are expected with a peak of
around 1149 m AHD during Saturday
afternoon/evening.” Another later that
afternoon predicted the same peak.

The river peaked later that evening when it
was expected to peak and within 0.07m of the
forecast level at the Syphon gauge.

iii) Evaluation

If the Syphon gauge levels and timings are
considered in isolation it may seem that the
Rochester forecasts were very good.
However, these do not tell the full story.

At the Syphon Gauge the floodplain is quite
wide and large changes in flow can result in
small changes in level. For example the flow
at 9.0 metres is around 33,000 ML/day while at
9.15 metres the flow doubles to around 66,000
ML/day (source: Victorian Water Data
Warehouse). It follows then that a prediction
could reasonably be made within + 0.1 metres
while the flow could be a sizeable + 20,000
ML/day.

Furthermore, the floodplain through Rochester
is much narrower than downstream and so a
small rise in level at the Syphon gauge can
result in a large rise at the Town gauge.

It would seem that the BoM used some sort of
correlation between the forecast Syphon

gauge level and the Town gauge level to
create the Town gauge forecasts but there
were problems with this approach.

Firstly, the correlation curve which is in the
Directive only has calibration events up to
about 114.7m on the Town gauge which is less
than the 114.9m forecast and certainly much
less than the peak which was eventually
reached. The media reported that the river
peaked at 115.3m which was higher than the
top of the gauge. The BoM does not have any
data on the eventual peak and requests to the
CMA for an official value were unanswered at
the time of writing.

Secondly, the BoM clearly did not use this
curve for forecasting in January because if it
did, its forecast of 9.1m at the Syphon gauge
would have correlated to 114.5m at the Town
gauge, 0.4m lower than forecast. This same
curve suggests that 9.4m would need to be
reached at the Syphon gauge before 115.3m,
the reported peak, would be reached at the
Town gauge.

Finally, even the highest correlation point on
that curve is lower than the 2011 flood in Town
but higher than the level reached at the
Syphon which suggests that the correlation
between these gauges may also be dependent
on the shape of the flood hydrograph, its
volume, not just the peak level.

The impacts of having a flood at the most
meaningful gauge to the residents, that was at
least 0.4m higher than expected, was
exacerbated by the fact that there was no
update to the forecast overnight. Then, when a
new forecast was issued the forecast peak in
Town was only revised upwards by 0.1m as
was the forecast peak at the Syphon despite
the significantly different stage hydrographs at
each location.

Not only did the peak in Town exceed the
forecast level, but it would have done so within
a few hours of the warning being issued rather
than at the forecast timing about eight hours
after the revised peak warning.

By all of these measures the warning in
relation to the town gauge was neither timely
nor accurate.
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MOLINO STEWART

ENVIRONMENT & NATURAL HAZARDS

d) Loddon

The Loddon Directive is a very basic type
written document from 1985 which has
information to assist the BoM to make
forecasts but no performance targets, not even
for the frequency of warnings.

i) Carisbrook

There are two rivers that converge just
upstream of Carisbrook with one coming
through Tullaroop Reservoir but neither having
gauges with levels which can be read during a
flood. The dam owner (Goulburn Murray
Water) is able to forecast reservoir outflows
but they are only one contributor to flows
through Carisbrook. During the floods it was
providing hourly updates of forecast outflows.

In addition to the two rivers upstream of town,
there is a very large area to the south west
which can direct overland flows towards the
town with little warning. It was flash flooding
from this area which flooded the town in
September 2010 with early morning rain
flooding the town within six hours.

Interviewees were less certain about what
caused the flooding in January but they also
suspected that overland flows were a major
contributor.

In February 2011, the town was evacuated by
Goldfields Council (without reference to the
SES) because there were fears that Talbot
reservoir would fail and flood the town. When
the all clear was given and people returned,
the rivers flooded the town.

As one of the people from the ICC stated, ‘If
happened tomorrow they would not know how
to warn of flooding from the river or overland
flow.’

ii)  Laanecoorie

The BoM analyses suggest that in September
and February a Flood Watch was given about
a day in advance of the first flood warning for
Laanecoorie on the Loddon but in January
2011 the Flood Watch preceded the warning
by only about three hours. However, the first
flood warning in January was issued about
three days before the flood peak compared to
about 12 hours before in September and 36
hours in February. As stated elsewhere, these

comparisons do not indicate how soon before
actual flooding occurred these warning
products were issued.

i) Kerang

Figure 9 provides a comparison of predictions
with the flood hydrograph for the Murray Valley
Highway at Kerang. The first flood watch
preceded the minor flood level by five days.

The first indicative level prediction for the
Loddon River at the Murray Valley Highway
(MVH) gauge at Kerang was made at 8:19am
Friday 14" January. This prediction stated,

“The Loddon River at the Murray Valley
Highway at Kerang is currently at 76.7 metres
AHD and rising (Minor Flood Level 77.0
metres). Early indications are that the river will
approach the Major Flood Level (77.8 metres
AHD) during the weekend.”

At the time this implied that the Loddon River
at MVH would have to start rising at a rate of
0.7 metres per day when the current rise was
nowhere near that fast.

This prediction was repeated in three later
flood warnings before it was finally
acknowledged that the passage of the
floodwaters upstream was going to take longer
to reach MVH.

At 10:22am Monday 17th January the level
was only 77.09 metres but the Bureau's
progressive flood prediction was for the river to
approach the Major Flood Level (77.8 metres
AHD) during Monday which meant it would
have to start rising at the rate of 1.2 metres per
day.

Eventually at 7:08pm Monday 17" January,
just prior to the river peaking upstream at
Appin South, the level at the MVH began rising
steadily at 0.7 metres per day. This was the
same rate of rise the Bureau had expected it to
start rising at 3 ¥z days earlier

At 10:22am Mon 17" January the flood
warning first mentioned “This event is
expected to exceed the 1933 flood which was
the second highest on record after the 1909
event” however no peak flood level was given
for the 1933 flood peak.
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Flood predictions for Loddon River at Murray Valley Hy, Kerang
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Figure 9: Flood Predictions for Kerang
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