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Foehn winds occur in connection with many mountainous regions and
have been linked with elevated wildfire risk, e.g. Santa Ana winds in
southern California, the north foehn in Switzerland and foehn winds in

New Zealand and parts of Asia.

Very little is known about foehn winds and their effect in Australia
Observationally, foehn-like conditions are characterised by:
a. Surface winds blowing from the mountains

b. An abrupt rise in air temperature in the lee of the mountains, and

c. An accompanying reduction in atmospheric moisture



Genuine foehn occurrence, however, is attributed to two
mechanisms:

A. Thermodynamic foehn mechanism
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B. Mechanical or “blocking” foehn mechanism
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Temperature (coloured), Relative Humidity (number) and
Wmd (barbs with 10 kt feathers)
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Temperature (coloured), Relative Humidity (number) and
Wind (barbs with 10 kt feathers)
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McArthur Mk 5 Forest Fire Danger Rating
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We combined spatiotemporal analysis of fire weather
observations with numerical weather prediction modelling to
Investigate the effects of foehn winds on fire danger levels and
the atmospheric processes that result in them.

_ FFDR above the b
Foehn-like occurrences 99th percentile

consistently resulted in fire
danger levels that were
statistically anomalous, i.e.
above the 95" percentile of
climatological values

27 Oct 2008, 15:00 local time



19-20 September 2008

Temperature (°C)
Relative Humidity (%)

Changes in fire weather
conditions are abrupt and e s S e
significant, e.g.

Date and Time

20/9/08 | 12:00 | 13:00
Temp 18°C 30°C
RH 79% 14%
FFDR 1.6 31

Winds were gusting 40-50 km/h

9/19/08  9/19/08  9/19/08  9/19/08  9/20/08  9/20/08  9/20/08  9/20/08  9/21/08

during the periods of interest 000 600 1200 1800 000 600  12:00 1800  0:00

Date and Time

All this amounts to a 20-fold
Increase in fire danger levels
In an hour!

The black squares in the figures indicate times
when Moruya was in the lee of the ranges



27 October 2008

Temperature (°C)
Relative Humidity (%)

Changes in fire weather
conditions are again abrupt

5 1Fi 10/26/08 10/26/08 10/27/08 10/27/08 10/27/08 10/27/08 10/28/08 10/28/08 10/28/08
and Slgnlflcant € g 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00

Date and Time

27/10/08 | 09:30 | 10:06 12:14

Temp 24°C 32°C 35.3°C
RH 55% 18% 12%
FFDR 4.5 28.2 50.1

Winds were gusting 50-60 km/h

This amounts to a 6-fold 10/26/08  10/26/08 10/27/080//8 10/27/08  10/27/08 10/28/80//8 10/28/08
|ncrease |n f”'e danger Ievels 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00
in 36 minutes. Fire danger
ultimately reached extreme
(severe) levels.

Date and Time

The black squares in the figures indicate times
when Bega was in the lee of the ranges



12 January 2010

Changes in fire weather
conditions are again abrupt
and significant, e.g.

12/01/10 | 03:00 | 04:00
Temp 20°C 35°C
RH 95% 23%
FFDR 1.7 27.4

This amounts to a 16-fold
increase in fire danger levels
in an hour, and all in the
early morning when fire
behaviour would normally
expected to be mild!

Temperature (°C)

Wind gust increased to 40-60 km/h, but average
wind speed decreased — increased turbulence!
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In the early morning (02:00-03:30) of 18 January 2003 temperature rose 6°C,
while relative humidity fell by 12%.

Possible foehn...?
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(using MesoLAPS 0.05° resolution)
29 May 2007

Visual band satellite image MesoLAPS output showing vertical movement
taken at 12:33, 29 May 2007 of upper air at 500 hPa level = 5 km altitude
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Red contours indicate descending air, black

Foehn Gap Foehn Arch contours ascending air.



(MesoLAPS 0.05° resolution)
29 May 2007
Vertical velocity: solid contours indicate

downward moving air, dashed contours indicate
upward moving air (hPa/hr)

Mixing ratio: the amount of water vapour
relative to the amouint of dry air (g/kg) m—)

Streamlines and wind vectors: Streamlines are
lines of constant potential temperature (K),
wind vectors indicate strength and direction of

the flow. \




10:00, 29 May 2007/

Melbourne Wagga Wagga

MesoLAPS does a
good job modelling
temperature but a
____________ poor job of modelling ,
e \R dewpoint 3 G S .

______________________________________
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MesoLAPS does a
pretty good job
modelling wind speed
and direction




Foehn events were found to occur in connection with the
passage of low pressure cells and troughs

29 May 2007 27 October 2008
A low pressure cell moves across A trough moves across SE
the Bight causing winds to blow Australia causing winds to blow

across the topography across the topography
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Other extreme drying events...

—O— Mt Ginini (1760m)
—O— Canberra (578m)
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A nocturnal low-level jet A subsidence inversion intersects

(moving W to E) brings drier air topography, exposing it to the very
nearer to the surface dry air above the inversion

8—hr FORC MIXR XN for 20061129/0800 UTC

15—hr FORC MIXR XN for 20061128/1500 UTC

Inversion layer subsides

- 50,

MesoLAPS
output




Other extreme drying events...

Difference in lowland and high-country dewpoint, expressed as anomaly (i.e.
difference from average). The lowland site is Canberra (578 m), the high-
country site is Mt Ginini (1760 m)

Distribution is positively skewed: Skewness = 1.3
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Other extreme drying events...

Calculations indicate that for the Canberra-Mt Ginini station pairing
dewpoint anomalies will occur with the following frequencies

Anomaly Significance level Occurrence frequency

>20=6.3°C Approx. 95% 0.22 per day
i.e. one event every 4.5 days

>30=9.5°C Approx. 99% 0.11 per day
i.e. one event every 9 days

Mean=0
Std. Dev. 0 = 3.16
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- The research confirms foehn winds do occur over SE
Australia and shows that they can result in abrupt localised
changes in FFDR, which can reach anomalous levels (i.e.
above the 95th percentile of climatological values).

* The onset of foehn conditions can easily increase fire danger
levels by a factor of ten or more within an hour.

* Regions affected include the Sydney basin, the south coast
of New South Wales and the Gippsland region, though similar
effects could be expected at other regions located in the lee of
significant topography.



- The research also has a number of implications for fire
suppression operations and fire crew safety. For example,
hourly updates of weather variables by personnel in the field
may be insufficient given that foehn occurrence can cause
significant changes in FFDR over sub-hourly time intervals

* The high-country can experience significantly drier conditions
when compared to low-land stations, particularly in the early
morning. Careful monitoring of weather conditions is required.

* A significant drying event can be expected in the high-
country (above about 1500m) on one in about every 4-9 days.
This means that campaign fires in the high-country are very
likely to be affected by such an occurrence!
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