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Abbreviations	
	

AAL	 	 Above	Aerodrome	Level	

ABV	 	 Above	

ADF	 	 Automatic	Direction	Finder	

AMD	 	 Amended		

AMSL	 	 Above	Mean	Sea	Level	

AQZ	 	 Area	QNH	Zone	

ARFOR	 Area	Forecast	

ASIB	 	 Air	Safety	Investigation	Branch	

ATA	 	 Actual	Time	of	Arrival	
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ATCO		 	 Air	Traffic	Control	Officer	

ATS	 	 Air	Traffic	Services	
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BLW	 	 Below	
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CLD		 	 Cloud	
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CU	 	 Cumulus	
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DZ	 	 Drizzle	

DTRT		 	 Deteriorating		

ELR	 	 Environmental	Lapse	Rate	

FCAST		 Forecast	



©	Glenn	Strkalj	2014-2015	
	

	
©	Glenn	Strkalj	2014-2015	

	

5	

FIS	 	 Flight	Information	Service	

FIR	 	 Flight	Information	Region	

FL	 	 Flight	Level	

FM	 	 From	

FZL	 	 Freezing	Level	

GNSS																Global	Navigation	Satellite	Systems	

GRADU	 Gradual	Change	

GS	 	 Ground	Speed	

INS	 	 Inertial	Navigation	System	

INTER		 Intermittent	period	

INTSF	 	 Intensifying		

ISA	 	 International	Standard	Atmosphere	

˚M	 	 Degrees	Magnetic	

MOD	 	 Moderate	

MON	 	 Above	Mountains	

MS	 	 Minus	

MSL	 	 Mean	Sea	Level	

MTW	 	 Mountain	Waves	

NVFR	 	 Night	Visual	Flight	Rules	

NDB	 	 Non-Directional	Beacon	

NM	 	 Nautical	Mile	

MS	 	 Minus	

N	 	 North	

ONCL	 	 Occasional	

PCA	 	 Planning	Chart	Australia	

POH	 	 Pilot’s	Operating	Handbook	

RAAF	 	 Royal	Australian	Air	Force	

RA	 	 Rain	

RMK	 	 Remark	
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S	 	 South	

SALR	 	 Saturated	Adiabatic	Lapse	Rate	

SEV	 	 Severe	

SC	 	 Strato	Cumulus	

SCT	 	 Scattered	

SEV	 	 Severe	

SH	 	 Showers	

SIGMET	 Significant	Meteorology	Report	
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ST	 	 Stratus	

˚T	 	 Degrees	True	

TAF		 	 Terminal	Area	Forecast	

TAS	 	 True	Air	Speed	

TURB	 	 Turbulence		
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VIS	 	 Visibility		

VOR		 	 VHF	Omni	Directional	Range	

WX	 	 Weather	
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Executive	Summary	
	

The	aim	of	this	document	was	to	collate	and	analyse	data	and	information	in	
order	to	make	conclusions	as	to	the	meteorological	conditions	likely	apparent	
during	the	VH-MDX	accident.	

The	following	weather	conditions	and	outcomes	were	found	for	the	accident	
area:	

- Strong	south-west	to	westerly	winds	30-50	knots	at	8000’AMSL	
- Significant	turbulence	on	the	lee	(east	&	north	side)	of	significant	terrain	
- The	only	cloud	appeared	to	be	located	along	mountaintops	and	the	south-

west	to	western	slopes	of	mountains	(localised	cloud)	
- A	dark	night	with	no	moon	during	the	accident		
- ISA-5	conditions		
- Freezing	level	between	6000’AMSL	and	7000’AMSL	
- Highest	risk	icing	conditions	when	in	cloud	between	6000’AMSL	and	

10000AMSL	
- Snow	fell	along	the	mountaintops	and	windward	approaches	
- Altimeter	over-read	approximately	between	130’	to	280’	in	close	lees.		

A	cold	front	had	passed	through	the	accident	area	approximately	9	hours	prior	to	
the	accident.	Accordingly,	there	was	no	‘storm	front’	during	the	accident	as	is	
commonly	suggested.	In	fact	conditions	were	generally	clear	skies.	

A	thunderstorm	associated	with	this	front	was	located	well	out	to	sea.	

VH-MDX	was	found	to	have	entered	some	of	the	only	cloud	in	the	general	area.	
This	was	localised	orographic	cloud	formed	by	the	uplift	of	air	by	the	steep	and	
high	elevation	ranges	in	the	Barrington	and	Gloucester	Tops	area.		

Associated	with	the	localised	cloud	was	snow.	Snow	was	observed	on	the	ground	
around	high	terrain	including	Gloucester	Tops	in	the	days	following	the	accident.		

Likely	aloft	winds	were	determined	from	a	variety	of	sources	including	airborne	
reports	and	weather	balloon	flights	from	Williamtown	hours	before	and	after	the	
accident.	The	likely	8000’AMSL	wind	during	the	accident	was	concluded	to	be	
230˚T-270˚T	at	30-50	knots	with	somewhat	slower	speeds	from	similar	
directions	at	lower	altitudes.	

The	pilot	of	VH-MDX	reported	picking	up	icing	on	two	occasions.	It	was	found	
that	the	meteorological	conditions	over	and	in	close	proximity	to	the	Barrington	
ranges	that	VH-MDX	flew	through	were	of	the	highest	risk	for	aircraft	icing.		

Moderate	to	severe	turbulence	existed	around	and	over	the	Barrington	ranges.	
Downdrafts	would	have	existed	in	the	eastern	to	northern	lees	of	the	main	
ranges.	It	was	concluded	that	the	best	method	of	predicting	the	location	and	
strength	of	downdrafts	was	by	computer	fluid	dynamics	modeling.		

This	document	has	determined	defensible	meteorological	conditions	likely	
apparent	during	the	VH-MDX	accident	that	can	be	used	in	flight	path	analysis.		
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1. Introduction		

1.1. Purpose	
Understanding	the	meteorological	conditions	that	existed	during	the	time	of	the	
VH-MDX	accident	is	crucial	in	narrowing	down	probable	positions	of	the	final	
resting	place	of	the	aircraft.		

Much	debate	has	been	had	regarding	the	meteorological	conditions	that	existed	
during	the	VH-MDX	accident	so	a	robust	overview	with	solid	conclusions	is	
required.		

Wind	velocities	of	reasonable	confidence	and	accuracy	are	required	to	
confidently	plot	dead-reckoned	tracks	whilst	the	knowledge	of	likely	locations	
for	clouds	and	where	downdrafts	may	have	occurred	can	also	assist	in	
developing	realistic	theories	as	to	the	flight	path	of	VH-MDX	in	the	crucial	last	
few	minutes	prior	to	the	final	received	transmission.		

1.2. Aim	
The	aim	of	this	document	is	to	collate	and	analyse	meteorological	information	
relating	to	the	VH-MDX	accident	and	to	make	conclusions	as	to	the	likely	
meteorological	conditions	that	existed.		

1.3. Sources	of	meteorological	information	and	data	
Metrological	information	and	data	for	the	night	of	the	VH-MDX	accident	can	be	
obtained	from	the	following	available	sources:	

- Bureau	of	Meteorology	reports	and	forecasts	
- Bureau	of	Meteorology	weather	balloon	data		
- Department	of	Transport	documents	
- Meteorological	reports	from	pilots	
- Position	fix	timings	from	pilots	
- Observations	of	conditions	by	search	aircraft	and	people	on	the	ground.	

2. Weather	overview	

2.1. Timings	and	position	
The	VH-MDX	accident	occurred	on	the	night	of	9th	August	1981	in	the	general	
area	of	the	Barrington	Tops/Gloucester	Tops	north-west	of	Newcastle,	NSW[1].			

As	the	progress	of	VH-MDX	was	normal	up	until	just	after	Taree,	the	main	period	
of	interest	in	application	of	meteorological	information	and	data	is	from	0850:00	
UTC	(Taree	position)	to	0941:20	UTC	(No	radar	contact	at	RAAF	Williamtown)	
on	the	9th	August	1981.		

The	final	radio	transmission	received	by	Air	Traffic	Services	(ATS)	from	VH-MDX	
was	a	‘5000’	(foot)	altitude	call	at	0939:26UTC[1].	Assuming	aviation	low-level	
area	forecast	boundaries	in	1981	were	the	same	as	in	2014,	the	accident	
occurred	in	the	mid-southern	section	of	Area	20.	
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2.2. Cold	front	
A	cold	front	moving	east	and	aligned	roughly	north-north-west/	south-south-
east	passed	through	the	Barrington	Tops	area	approximately	9	hours	prior	to	the	
accident[1].	West	to	south-westerly	winds	were	forecast[1]	behind	this	front	and	it	
will	be	shown	that	these	winds	were	generally	reported.		

2.3. Temperature	
Freezing	levels	of	4000’	and	7000’	and	an	ISA	deviation	of	around	ISA-4	were	
forecast	for	Area	20[1].	

VH-AZC	reported	an	outside	air	temperature	of	-2˚	at	Taree	when	cruising	at	
8000’AMSL[1].	This	suggests	an	ISA	-1	deviation	and	a	freezing	level	(0˚	isotherm)	
of	close	to	7000’AMSL.	

Williamtown	weather	balloon	information	indicates	-0.6˚C	at	approximately	
6200’AMSL	around	1	hour	and	20	minutes	after	the	final	received	transmission	
from	VH-MDX.	This	indicates	approximately	ISA	-4	conditions	and	a	freezing	
level	close	to	6000’AMSL.		

The	same	Williamtown	weather	balloon	flight	also	suggests	ISA	-5	conditions	at	
Williamtown	airport	level	and	at	around	9500’AMSL.		

It	can	be	seen	outside	air	temperature	sources	suggest	the	0˚C	isotherm	(the	
freezing	level)	was	between	approximately	6000’AMSL	and	7000’AMSL.		

It	is	likely	that	the	Williamtown	weather	balloon	data	was	the	most	accurate	
source	of	temperature	information	for	the	area	of	the	Barrington	ranges.	As	a	
result	ISA-5	conditions	were	most	likely	apparent.		

2.4. Thunderstorm	
An	isolated	thunderstorm	was	reported	off	the	coast	of	Port	Stephens	well	out	to	
sea	around	the	time	of	the	accident[1].	This	thunderstorm	reveals	the	position	of	
the	cold	front	that	was	also	expected	to	be	well	off	shore	by	this	stage.		

One	pilot	reported	that	this	thunderstorm	caused	needle	fluctuations	of	both	
Automatic	Direction	Finder’s	(ADF’s)	on	his	aircraft[1].	The	pilot	of	VH-MDX	also	
experienced	ADF	indication	instability[1]	but	did	not	suggest	a	possible	cause.		

2.5. Cloud	and	turbulence	
Pilot	observations	suggest	the	night	was	very	dark	with	many	pilots	reporting	no	
moon	being	visible[1].		

Clouds	were	forecast	for	the	western	tops	of	mountains	with	only	scattered	
cloud	along	the	coast[1].	Most	if	not	all	pilot	reports	revealed	widespread	clear	
conditions	along	the	coast	without	cloud[1].		

Pilot	reports	indicate	localised	cloud	was	situated	in	proximity	of	the	Barrington	
Ranges	and	indeed	the	pilot	of	VH-MDX	reports	flight	in	cloud	and	experiencing	
icing	in	the	Barrington	ranges	area[1].	Turbulence,	up	to	severe	intensity,	was	
reported	by	pilots	in	the	area	of	the	Barrington	Ranges[1].		
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3. Wind	
3.1. Introduction	

Section	1.1	highlighted	the	importance	of	determining	the	prevailing	wind	
velocities	during	the	VH-MDX	accident.	Available	sources	of	wind	data	will	be	
overviewed	in	this	section.	

3.2. Aviation	Low	Level	Area	Forecasts	(ARFOR)	
Aviation	Low	Level	Area	Forecasts	(ARFOR’s)	provide	a	general	overview	of	
meteorological	conditions	within	a	defined	geographical	area	suitable	for	en-
route	planning	between	departure	and	destination	airports.		

Specific	information	can	also	be	included	for	critical	areas	such	as	particular	
mountain	peaks	or	gaps	within	the	defined	area	that	aircraft	regularly	transit.	

To	identify	the	applicable	ARFOR	requires	reference	to	the	Planning	Chart	
Australia	(PCA)	upon	which	the	intended	aircraft	track	is	overlaid.	Any	defined	
area	the	track	falls	within	results	in	the	ARFOR’s	required	for	consideration.		

Figure	1	shows	a	2014	PCA	chart.	It	can	be	seen	VH-MDX’s	flight	path	along	the	
Coolangatta	to	Bankstown	sector	requires	an	Area	20	and	Area	40	ARFOR.	It	is	
assumed	the	ARFOR	area	boundaries	presented	are	the	same	as	those	in	1981.		

As	the	Barrington	ranges	lie	in	the	middle-south	of	Area	20,	ARFOR	20	is	of	
particular	interest.		
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Figure	1:	ARFOR	areas	(2014).	The	approximate	planned	track	of	VH-MDX	is	indicated	by	the	
dark	pink	line.	ARFOR	areas	are	delineated	by	light	pink	lines	and	identified	by	a	red	number	
with	circle.	Area	20	covers	the	Barrington	Tops	area	that	is	located	just	east	of	YSCO	(Scone).	
Area	20	is	approximately	bounded	by	Richmond	(YSRI),	Orange	(YORG),	Dubbo	(YSDU),	Moree	
(YMOR),	Tenterfield	(YTFD),	Ballina	(YBNA)	and	coastal	to	just	north	of	Sydney	(Airservices	
Australia/	OzRunways	2014).	

Areas	20	and	40	ARFOR	valid	for	the	flight	of	VH-MDX	are	recorded	in	the	NSW	
BASI	(Bureau	of	Air	Safety	Investigation)	VH-MDX	Accident	Investigation	folio[1].		

Both	the	area	20	and	area	40	ARFOR	were	valid	for	12	hours	from	0500UTC	–	
1700UTC	9th	August	1981[1].	The	pilot	of	VH-MDX	made	his	last	received	radio	
transmission	at	0939:26UTC[1].	This	time	is	approximately	in	the	middle	of	the	
ARFOR	validity	period.		

Annex	A	contains	the	‘raw’	Area	20	and	Area	40	ARFOR’s	for	reference	whilst	
figures	2	and	3	on	the	following	pages	present	decoded	versions.	
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Area	Forecast	valid	from	0500UTC-1700UTC	Area	20	

	
Altitude	(AMSL),	Wind	in	(degrees	True)/	(knots):	
2000	feet	 260˚/30	
5000	feet	 250˚/35	
7000	feet	 250˚/40	
10000	feet	 250˚/45	Temperature	minus	9˚	Celsius	(at	10000	feet)	
14000	feet	 250˚/55	Temperature	minus	16˚	Celsius	
18500	feet	 250/˚70	Temperature	minus	23˚	Celsius	
	
Cloud:	
Scattered	(covering	3-4	eighths	of	the	sky)	Stratus	at	2000	feet	to	4000	feet	
above	the	western	sections	of	mountaintops,	occasionally	Broken	(covering	5-7	
eights	of	the	sky)	with	rain	showers	and	drizzle.	
	
Broken	Cumulus	between	4000	feet	and	7000	feet	above	the	western	sections	of	
mountaintops	with	occasional	tops	to	12000	feet.	
	
Scattered	Cumulus	between	4000	feet	and	6000	feet	along	the	coast	
	
Visibility:	
40	kilometers	deteriorating	to	4000	meters	in	rain	showers,	drizzle	and	snow	
showers	
	
Weather:	
Scattered	rain	showers	and	drizzle	over	the	western	sections	of	mountaintops	
mainly	in	the	south	of	Area	20.	
	
Isolated	snow	showers	over	mountaintops	mainly	in	the	south-west	of	Area	20.	
	
Freezing	level:	
4000	feet	and	7000	feet	
	
Icing:	
Moderate	icing	in	cloud	above	the	freezing	level	
	
Turbulence:	
Severe	turbulence	below	12000	feet	over	the	eastern	sections	of	mountaintops			
Moderate	turbulence	in	the	remaining	areas	
	
Remark:	
Mount	Victoria	conditions:	visibility	10	kilometers,	rain	showers,	scattered	
Stratus	cloud	4000	feet,	Broken	Cumulus	4500	feet.	
Murrurundi	Gap	conditions:	visibility	10	kilometers,	rain	showers,	broken	
Cumulus	at	4000	feet.	
	

Figure	2:	Decoded	Area	20	ARFOR.	
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Area	Forecast	valid	from	0500UTC-1700UTC	Area	40	

	
Altitude	(AMSL),	Wind	in	(degrees	True)/	(knots):	
North	of	a	line	Brisbane	to	Goondiwindi	
2000	feet	 230˚/20	
5000	feet	 250˚/20	
7000	feet	 250˚/30	
10000	feet	 250˚/40	Temperature	minus	4˚	Celsius	(at	10000	feet)	
14000	feet	 240˚/50	Temperature	minus	7˚	Celsius	
18500	feet	 240/˚60	Temperature	minus	16˚	Celsius	
	
South	of	a	line	Brisbane	to	Goondiwindi	
2000	feet	 250˚/30	
5000	feet	 240˚/30	
7000	feet	 240˚/40	
10000	feet	 240˚/50	Temperature	minus	5˚	Celsius	(at	10000	feet)	
14000	feet	 240˚/80	Temperature	minus	10˚	Celsius	
18500	feet	 240/˚80	Temperature	minus	20˚	Celsius	
	
Cloud:	
Broken	(covering	5-7	eighths	of	the	sky)	Stratus	at	1000	feet	to	2500	feet	in	
Drizzle.	
Broken	Strato-Cumulus	2500	feet	to	6000	feet	above	mountaintops	and	west,	
south	of	Oakey.	
Scattered	Strato-Cumulus	3000	feet	to	6000	feet	elsewhere	in	Area	40.	
	
Visibility:	
60	kilometers	deteriorating	to	2000	meters	in	drizzle.	
	
Weather:	
Scattered	drizzle	over	the	mountaintops	and	west,	south	of	Stanthorpe.	
	
Freezing	level:	
7000	feet	
	
Icing:	
Moderate	icing	in	cloud	above	the	freezing	level	
	
Turbulence:	
Occasional	severe	turbulence;	refer	to	the	SIGMET	(significant	Meteorology)	
report	(a	special	brief	report/forecast	concerning	potential	meteorological	
hazards	to	aircraft).	
Moderate	turbulence	elsewhere.	
Mountain	waves	south	of	latitude	25˚S.	

Figure	3:	Decoded	Area	40	ARFOR.	
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Winds	of	interest	from	the	ARFOR	are:	
5000’AMSL	=	250˚T/35	knots	
7000’	AMSL	=	250˚T/40	knots	
10000’	AMSL=	250˚T/45	knots	

These	winds	were	valid	from	0500UTC	–	1700UTC.	

3.3. Aviation	Terminal	Area	Forecasts	(TAF)	
TAF’s	are	aviation	forecasts	generated	for	particular	aerodromes	and	represent	
conditions	within	5NM	of	the	aerodrome[20].		

TAFs	for	aerodromes	located	around	the	Barrington	ranges	region	and	beyond	
may	give	clues	to	wind	characteristics	at	the	altitudes	VH-MDX	was	operating	at.		

TAFs	forecast	wind	at	10	meters	height[15].	This	is	representative	of	aerodrome	
(ground)	level	wind.	Despite	this,	it	is	possible	to	apply	known	general	trends	of	
wind	variation	with	height	to	obtain	an	approximate	but	indicative	value	aloft.		

Winds	normally	increase	in	strength	and	back	in	direction	with	increase	in	
altitude	as	a	result	of	lessening	friction	effects	of	the	terrain	or	the	sea[2].	This	
results	in	aloft	wind	directions	paralleling	isobars	more[2].		

Changes	of	around	10˚	over	the	sea	and	30˚	over	land	are	typical	between	the	
surface	wind	and	the	wind	clear	of	the	boundary	layer[15].	Figure	4	shows	the	
backing	of	direction	and	increase	in	speed	of	wind	with	height.	

																																			 	
Figure	4:	Wind	change	with	height.	Compared	to	the	surface	wind,	winds	aloft	normally	
increase	in	strength	and	back	(reduced	bearing	value)	in	direction.	This	is	the	result	of	lessening	
boundary	layer	friction	effects	with	increased	height.	If	a	surface	wind	is	known,	an	
approximation	can	be	made	of	the	winds	at	altitude	above	the	same	location.	Despite	this,	
specific	local	effects	can	yield	completely	different	results	(Image	Glenn	Strkalj	2015).	

Annex	B	contains	the	raw	TAF’s	from	the	NSW	BASI	VH-MDX	Accident	
Investigation	folio[1]	whilst	figure	5	overleaf	graphically	depicts	TAF	surface	
winds	at	the	various	geographical	locations.		
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Figure	5:	TAF	winds	(Surface	level).	Purple	arrows	depict	relative	wind	strength	and	forecast	
direction	at	surface	level.	Readily	obvious	is	that	TAF	forecast	winds	around	the	immediate	
Barrington	Tops	area	are	predominately	westerly.	TAF	winds	are	surface	level	forecast	winds.	
Wind	would	be	expected	to	increase	in	strength	and	back	in	direction	about	30˚	with	increase	in	
altitude.	Accordingly,	stronger	south-westerly	winds	would	be	expected	at	altitude	above	the	
TAF	aerodromes	(Image:	Glenn	Strkalj	2014,	TAF	information:	National	Archives	of	Australia	
(Bureau	of	Meteorology)	1981[1]).	
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TAF’s	shown	were	valid	from	0200UTC	to	1400UTC	except	the	Sydney	TAF	that	
was	valid	from	0300UTC	to	0300UTC.	A	number	of	TAF’s	as	annotated	had	
Gradual	Change	periods	terminating	one	half	hour	to	an	hour	and	a	half	before	
the	accident	(0800UTC	–	0900UTC).	This	means	the	change	in	weather	
conditions	would	have	been	complete	well	before	the	time	of	the	accident.		

Accordingly,	these	Gradual	Change	(GRADU)	periods	have	been	referred	to	as	a	
‘From’	(FM)	times	to	reflect	contemporary	terminology	for	a	‘hard’	change	point.	
The	FM	time	is	specified	as	the	later	GRADU	time	as	the	change	in	conditions	was	
forecast	to	be	complete	by	this	time.		

Maitland	TAF	is	the	closest	geographical	TAF	to	represent	the	upwind	sector	of	
the	Barrington	ranges	area	of	interest.	It	would	be	expected	winds	at	altitude	
above	this	TAF	point	would	back	(turn	counter-clockwise)	more	to	a	southerly	
origin	in	the	order	of	30˚[2]	whilst	the	speed	would	likely	increase[2].		

From	this,	it	can	be	seen	Maitland	(YMND)	would	very	approximately	have	had	
winds	from	the	following	direction	at	altitude:	290˚T-30˚=	260˚T.	Accordingly,	a	
wind	around	260˚T	in	the	general	upwind	vicinity	of	the	Barrington	Tops	was	
likely	but	it	must	be	remembered	Maitland	is	located	in	the	Hunter	Valley	so,	
further	local	modification	of	winds	from	free	stream	was	likely.	

Kempsey	(YKMP)	and	Port	Macquarie	(YPMQ)	located	downstream	of	the	
Barrington	Tops	area	and	on	the	coast	were	forecast	to	have	a	wind	direction	of	
250˚T	at	12	knots	at	surface	level.	A	rough	adjustment	for	these	winds	to	account	
for	lessening	friction	effects	at	altitude	suggests	winds	in	the	order	of	250˚T-
30˚=220˚T	aloft.		

As	stated	in	section	2.2	a	cold	front	passed	through	the	area	approximately	9	
hours	previous.	The	passage	of	a	cold	front	in	the	southern	hemisphere	always	
results	in	a	final	wind	direction	from	the	south	to	south-west	as	figure	6	shows[2].		

This	is	reflected	in	the	TAF	forecast	winds	as	flows	at	height	above	the	TAF	
locations	are	generally	south-westerly.		ARFOR	winds	of	section	3.2	also	adhere	
to	this	rule.	

	
Figure	6:	Winds	after	passage	of	a	cold	front.	In	the	southern	hemisphere,	south	to	south-
westerly	winds	are	always	apparent	following	passage	of	a	cold	front	Image:	(D-H	Training	
Systems	1999).		
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Such	coarse	adjustments	as	carried	out	in	this	section	would	be	approximately	
valid	(notwithstanding	effects	of	atmospheric	stability	and	local	effects)	for	
altitudes	above	the	boundary	layer	that	is	usually	2000’-3000’	thick[2].		

Local	effects	of	rugged	terrain	and	atmospheric	stability	could	work	to	modify	
the	above	suggestions	significantly.	Despite	this	it	is	reasonable	to	very	broadly	
conclude	that	from	approximately	7000’-8000’AMSL	and	above	winds	would	
likely	have	originated	from	around	260˚T	upstream	of	the	Barrington	Tops	and	
flowed	from	approximately	220˚T	downstream	of	the	Barrington	Tops.		

Below	7000’-	8000’AMSL	winds	would	be	subject	to	local	effects	and	would	
likely	adopt	a	value	between	the	surface	wind	and	free	stream	wind	aloft.		

TAF’s	around	the	Barrington	Tops	region	valid	for	the	time	of	the	accident	
broadly	suggest	(when	approximately	adjusted	from	ground-level)	winds	at	
7000’-8000’AMSL	and	above	originating	from	about	260˚T	upwind	of	the	
Barrington	Tops	and	220˚T	downwind	whilst	winds	below	7000’-	8000’AMSL	
were	likely	to	veer	towards	the	west	and	decrease	in	strength	from	these	values.	

	
3.4. Bureau	of	Meteorology	synoptic	pressure	charts	

Mean	Sea	Level	(MSL)	pressure	charts	normally	allude	to	the	gradient	wind:	the	
wind	above	the	boundary	layer	‘free’	from	friction	effects[2].		

MSL	charts	for	0500UTC	(1500EST)	on	the	day	of	and	the	day	after	the	accident	
are	presented	in	figures	7	and	8[13][4]	and	suggest	a	strong	south-westerly	wind.	

The	chart	for	the	day	of	the	accident	(≈4.5	hours	prior	to	the	accident)	depicts	
the	position	of	the	cold	front	well	off	shore	abeam	the	Barrington	Tops	region.		

As	described	in	section	3.3,	the	passage	of	a	cold	front	in	the	southern	
hemisphere	always	results	in	a	south	to	south-westerly	wind	afterwards[2].	It	can	
be	seen	a	reasonably	strong	south-westerly	flow	was	apparent	many	hours	
before	the	accident	to	at	least	0500UTC	on	the	following	day.	

The	following	traits	of	the	MSL	charts	indicate	such	a	wind:	
- The	close	isobar	spacing	suggest	a	strong	wind	
- Wind	flow	at	stronger	speeds	almost	parallels	isobars	with	a	slight	bias	

towards	inflow	into	the	low	pressure	system;	this	is	south-westerly	
- The	direction	of	wind	in	the	southern	hemisphere	is	determined	by	

placing	the	low-pressure	system	to	the	right	hand	side	of	a	person,	the	
wind	direction	then	originates	from	behind	(Buys	Ballot’s	Law)[2].	This	
suggests	a	south-westerly	wind.	
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Figure	7:	Synoptic	MSL	chart	1500EST	(0500UTC)	9th	August	1981:	This	was	the	synoptic	
situation	approximately	four	and	a	half	hours	prior	to	the	VH-MDX	accident.	The	red	arrow	
indicates	very	approximately	the	aloft	wind	direction	in	the	Barrington	Tops	region	(south-
westerly).	Reasonably	close	isobars	suggest	strong	winds.	The	cold	front	had	well	and	truly	
passed	by	1500EST	resulting	in	generally	clear	skies.	Although	widespread	rain	is	depicted,	rain	
seemed	only	to	be	associated	with	localised	orographic	uplift.	(Image:	Bureau	of	Meteorology,	
1981,	cited	in	The	Canberra	Times,	9th	August	1981).		

	
Figure	8:	Synoptic	MSL	chart	1500EST	(0500UTC)	10th	August	1981):	This	synoptic	for	the	
day	after	the	accident	suggests	similar	conditions	to	the	accident	day	(Image:	Bureau	of	
Meteorology,	1981,	cited	in	The	Canberra	Times,	10th	August	1981).	

National Library of Australia http://nla.gov.au/nla.news-page13929263
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Rear-mounting inertia reel belts give more comfort for rear

seat passengers.

SeAT belts are accepted as one
of motoring's greatest life savers,
but in

spite of their enviable safety
record in Australia they have never

really caught on for rear-seat use.

This is probably because most rear
belts are awkward, uncomfortable and
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inconvenient to use.
* Their shortcomings are even more

apparent when compared with the stan
dard inertia reel fittings for front pas
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recognised this by fitting inertia reels m

the rear.
The State and Federal transport min

isters have recognised this, too, and
have decided that rear inertia reels will
become compulsory, although they
have yet to decide the date when this
will become law.

But this won't help the people whose
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small number already fitted with rear

inertia reels.

Thankfully, the well-known Safe-n
Sound company has done something
about it by producing an after-market
rear inertia reel belt which can be fitted
to most cars, sometimes using the exist

ing mounting points.
It is the 22nd belt in the company's

range.
According to Safe-n-Sound it can be
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V-TV - ARTS - ENTERTAINMENT-^

Christians in

unlikely roles
«T

X HE pick-pocket is a Baptist,
the bookies' runner an Anglican and
the

prostitutes are a mixture of
Salvationists, Uniting Church and
Baptists", said Peter Trick the pro
ducer of 'The Blood of the Lamb',
the Salvation Army's latest musi
cal.

With an opening line like that I was.

bound to be intrigued wondering how
some of my Christian friends would go
holding down those sorts of roles. Their
first full rehearsal, which I attended,
showed that they are well on the way
to producing a fine piece of Christian
musical entertainment.

The title may seem a little strange to

some. Peter Trick said, "Yes, I'm a bit
put off by the title and even thought of
changing it but decided not to since that

was the way it was presented at the

International Congress in London in
1978. 1 thought some people might
think it came out of a butcher's shop
or something. But its modern way of
showing that the message of Christ can

reach all sorts of people.

"It is the sixth musical by John
Go wins and John Larsson who also did
Tike-over Bid', 'Hosea', 'Jesus Folk',

'Spirit' and 'Glory'. Within the Salva
tion Army we have a lot of very musi
cally gifted people who love to be

involved in something like this and we

fee! we should use their talents. A lot

of the other churches are pa'rticipating
too.

"It is based around a poem that was

written about the time of Bill Booth's
funeral on August 29,1912, and shows
all the sorts of people that the Army had
influenced. Apparently the whole of
London almost came to a standstill then
and when this was presented in 1978 it

was very powerful".
General William Booth was the

founder of the Salvation Army and the
musical shows the many injustices and
social evils that the Army confronted
then and now

The musical will run from Thursday
to Saturday at the Erindale Centre,
Wanniassa.

PHILIP CASTLE

CRYPTIC
CROSSWORD

ACROSS
1 Most painful hence this

medical advice? (6).
4 Switch positions occasion

ally (3, 3, 2).
10 It's not even in Con

servative policy (7).
11 A little corn, note, set

aside specially (7).
12 Aspect of champion in

confrontation (4, 2, A).
13 This is important in play

doubly so (4).

tS It's partly a republic ie

country
without king (7).

17 Musician with ear most

developed (7).

19 List our parts for opening
of Shakespeare play (7).

21 Money deposited to coun

teract lay-off? (4-3).
23 Agrees to one result of

decimal coinage (4).
24 Signify some wind in the

Alps (10).
27 He flew to England after

French corn disturbance
(7).

28 Thick pads, perhaps (7).
29 Concern for players' ac

tions (8).
30 Likely to come out on too

eventually (grass courts?)
(6).

DOWN

1. Hide
pirate captain, mean

fellow (9).

2 Prepare to use again in

secrecy, clearly (7).
3 State capital's domed

building (5, S).
-. 5 BEF 1914, or its allies (9).

6 As offhand as the

Cockney's shaggy dog?
(4).

7 Citadel destroyed, we hear
from some people (7).

8 Like the truth about strip
clubs? (5).

9 Combination of notes like

later Beethoven (4).
14 Tricky quettioR on im

morality tabl«d in after

noon (3-7).
16 He thought philosophical

ly of his country's maps
(9).

18 Grandioce, so arranged
(9).

20 With this, il you remove

pairs, one is left (7).

22 Unfolded Eastern book,
Hindu writings mostly (7).

23 Born somewhere fn
Scotland, raised as

plutocrat (5).
25 Carry to terrible extremes

(4).
26 Share-holder with biggest

percentage"! Fifty-one,
about (4).

Solution and another cryptic
puzzle tomorrow

Yesterday's solutions

General description: A high over

ccntral NSW is directing a cool

south-westerly airflow ovor the

region. A deep complex low is

moving across the Bight.
Expected developments: The

high is cxpcctcd to move slowly
eastward, resulting in mostly fine
conditions over the local area to

day. However, the depression in

the west should move eastward

bringing freshening winds later in

the day. Some rain is expected to

develop tomorrow as the system
moves through eastern Australia,

and cold windy conditions should

then follow for a few days as a

south-westerly airstream again be
comes established through the

region.
YESTERDAY'S WEATHER
Local area: During the day there

were a few scattered showers main
ly over southern areas. Winds were

moderate to fresh westerlies and
maximum temperatures were

slightly below average.
Elsewhere in NSW: During the

past six hours to 3pm, rainfall

reported was confined to the south

era half of the tablelands aid very
light fills on the lower wKtcm.
The higbeet fall recorded was

0.1 mm at Bomb«li. Winds were

mainly west-south-westerly
throughout the State, raaiily tight
to moderate and frcch at timet on
the north-on quarter. Yesterday's
temperatures wtro around throe

degree* below average. Maximum
temperature! ranged from 21 at
MurwRlumbah to five at Orange.

CANBERRA YESTERDAY
Temperature: 3am 6, 9am 7,

3pm 12, 9pm 9. Maximum to 9am
9, 9am to 3pm 13. Minimum
acreen 4. Gra«J -1.

Humidity: 3am 75 per eon, 9am
S7 por cent, 3pm 50 per eent, 9pm
71 per eent.

Etnporaliaa: 24 hours te 3pin
1.6 mm.

RaWaD: Average annual rain
fall for past 41 years 629 mm.
Rainfall for 1980 539.2 mm. Rain
fat) to date for 1981 4*6.2 mm.

Corresponding period I9S0
306 mm. Average for August
45 mm. August rainfall for I9t0
22.2 mm. August rainfall to date

19 mm. 24 hours ended 9am nil,

12 hours ended 9pm nil.

Wind (km/b): 3am NNH-4,9am
W-17, 3pm NNW-15, 9pm calm.
Maximum gust W-31 at 9.20am.

Barometer 3am 1008.5, 9am
1010.9, 3pm 1011, 9pm 15.3.

Rainfall for the 48 hours to 9am
yesterday: Ainslie 9.4, Aranda 9.4,
Bcndora Dam 21.8, Botanic
Gardens 10.2, Campbell 9.2, Can
berra Airport 8.2, Canberra City
9.2, Corin Dam 20.6, Curtin 8,

Deakin 8.4, Farrcr 7.4, Fisher 8.4,

Fyshwick 7.8, Ginninderra 12.6
(72 hrs), Gudgenby I, Honey
suckle Creek 4.6, Holt 10, Kam
bah 6.6, Macquaric 9.2. Mclba
7.2, O'Connor 6.4, Orroral Valley
4.8, Parliament House 9, Pine Is

land 6, Queanbcyan 5.6 (72 hrs).
Red Hill 7.4, Scullin 18.4, Show
ground 8.6, Tharwa 3.8 (72 hrs),
Wanniassa 6.2, Weston 8.2.

FORECASTS FOR TODAY
Warnings: Nil.

Canberra: Early fog and drizzle

patches but then fine. Light winds
becoming moderate north-west
erlies. Maximum: 13.

Canberra Lakes: Light winds be
coming northwest at 10 lo 15
knots.

Southern Tablelands: Some
drizzle or light snowfalls in the
southeast at first. South-west to

south-east winds, easing during the

day. A cold day.
South Coast' South-west to

south-cast winds 10-20 knots at
first with a shower or two. Cool,

mostly cloudy. Seas slight to mod
erate with a moderate swell, rising
in the far south.

SUN, MOON
Sunset 5,28pm, sunrise 6.48am

Wednesday. Moonrise 1.24pm,
moonset 3.55am Wednesday.

PLANETS
Mercury rises 7.01am, sets

5.29pm. Venus rises 8.25am, sets

8.05pm. Mars sets 2.47pm, rises

5.01am Wednesday. Jupiter rises
9.07am, sets 9.24pm. Saturn rises
9.08am, sets 9.17pm.

SOUTH COAST TIDES
Bateman's Bay and Bermagul:

High 1.5 m at 5.26pm, 1.2 m at

5.56am Wednesday. Low 0.5 m at
10.45am, 0.5 m at 11.58pm.

Moniya and Merimbula: High
1.5 m at 4.41 pm, 1.2 m at 5.11 am

Wednesday. Low 0.5 m at

10.00am. 0.5 m at 11.13pm.

Narooma: High l.S m al

4.54pm, 1.2 m at 5.26am Wednes
day. Low 0.5 m at 10.30am, 0.5 m

at 11.43pm.
Eden: High 1.5 m at 4.31pm,

I.2 m at S.Olam Wednesday. Low
0.5 m at 10.00am, 0.5 m at

II.13pm.
RIVER HEICHTS

Burrinjuck Dam 358.45, down
stream no flow, Blowcring Dam
369.54, Downstream 0.76, Gun
dagai 3.35.

CAPITALS
Forecasts

Max
Sydney, early showers, sunny peri

Melbourne, rain later IS

Brisbane, fine 22
Adelaide, showers in area 16
Perth, heavy showers, windy

15
Hobart, becoming fine 12
Darwin, fine 32

The World
NEW YORK, Monday (AAP

AP). Weather yesterday:
Min Max

Athens, clear 25 35
Auckland, rain 9 13
Hong Kong, cloudy 29 31

London, cloudy 14 19

New York,'cloudy 20 24
Paris, cloudy 15 24
Rome, clear 19 35
Singapore, clear 28 31
Tokyo, cloudy 22 29
Toronto, cloudy 18 22
Wellington, rain 5 7

Amsterdam, cloudy 17 24;

Bahrain, clear 33 43; Bangkok,
clear 27 29; Barbados, cloudy 25
30; Beirut, clcar 22 29; Belgrade,
dear 21 36; Berlin, cloudy 16 25;

Bogota, cloudy 6 18; Brussels,

cloudy 13 20; Buenos Aires, clear
6 13; Cairo, clear 23 35; Caracas,

cloudy 19 27; Chicago, cloudy 16

25; Christchurch. cloudy 3 10.

H.I.IM1ULIM.H

|

Chonnel 7 |
9.00 Here's Humphrey

10.00 Movie: Bagdad (Repeat)

(G)
11.25 King's Kitchen (G)
11.55 Capital 7 Newt
12.00 Mike Walsh Shaw (G)

1.30 Oays of Our Lives (PGR)
2.25 Young and Restless

(PGR)
2.53 Capital 7 News
2.55 Gomer Pyle (G)
3.30 Cartoons (G)
4.00.-The Curiosity Show (C)
5.00 Bewitched (G)
5.25 Community Billboard
5.30 Muppet Show (G)
6.00 Capital 7 News
6.30 Seven National News
7.00 Sale of the Century (G)
7.30 Mind Your Language

8.00 The Australians (G)
8.30 Best Sellers: A Man

Called Intrepid, Port 1

(AO)
10.20 Capital 7 News
10.30 Cop Shop (PGR)
11.25 Police Story (AO)
12.20 Movie: Drum Beat (PGR)

1.55 Station Close.

8.00 Sesame Street

9.30 Play School
10.00 For the Juniors
10.20 Neighbours
11.00 Waterloo Street

11.40 Consumer Capers
1.00 News, weather
1.11 Ensemble

1.35 Upper Primary
, Art/Craft: Threads

1.55 Smedley's Weekly
2.15. Coral Reer Community
2.45 Careers
3.00 Sesame Street
4.00 Pley School
4.30 Earth Watch
5.00 Top Mates
6.40 What's on Next? (G)
6.55 Canberra News
7.00 News, Weather
7.30 George and Mildred

<G)
7.55 Rings on Their Fingers
8.2S Shoestring (PGR)
9.20 News, Weather
9.30 Nationwide

10.00 Movie: Forsaking All

Others (PGR)

WIN-4
(Wollongong)

6.30 Test Pattern
6.55 Reflections
7.00 Good Morning Aus

tralia

9.00 Flapper's Factory
9.30 Merrie Melodies (G)

10.00 Ed Allen Show (G)
10.30 Bernard

King
Show (G)

10.57 News
11.00 Eleven A M
12.00 Mike Walsh Show

1.30 Days of Our Lives (PGR)
2.30 Young and Restless

(PGR)
3.00 Coronation Street

(PGR)
3.30 A C E (G)
4.00 Wonder World (C)
4.30 Nobody's House (C)

5.00 brody Bunch- (G)
5.30 Happy Days (G)
6.00 News
7,00 Sale of tha Century (G)
7.30 Buck Rogers in the

25th Century (G)
8.30 Beulah land (AO)

10.20 The Ropers (Final) (G)
10.50 Rockford Files (PGR)
11.50 Reflections
11.55 News
12.20 The late Show: Climb

An Angry Mountain
(PGR)

2.00 Close

RVN*2
(Wagga)

11.00 Hera's Humphrey (G)
12.00 Mike Walsh Show

I.30 Days of Our lives (PGR)
2.25 At Home with Two
2.40 General Hospital (PGR)
3.05 That Girl (G)
4.00 Wonder World (G)
4.35 The Mouse Factory (G)
5.00 Contest Corner
5.05 Cartoons
5.15 The Flintstones (G)
5.45 Bewitched (G)
6.15 District Newi
6.30 World News
6.55 Weather
7.00 Sale of the Century (G)
7.30 Benson (G)
8.00 Bosom Buddies (G)
8.30 Movie: Cotton Comes To

Harlem (AO)
10.25 Meet Your Member
10,30 The Big League
II.20 News
11.50 Close

BnKHoMH lBEHMI;:!
3CA - 1050 kHz

12.00 Tom McCoy; 1.00 Tom McCoy (including 5.00
News); 5.03 Phil lentz (including 5.00 News; 6.30 News;

7.00 News; 7.15 Sounds of Conberro; 7.30 News; 8.00

News; 8.30 News; 9.00 News); 9.03 Richard Perno ;

10.00 Newt; 10.03 Richard Perno; 11.00 News; 12.00
National News); 12.03 Gerry Hollahan (including 1.00
News; 2.00 News; 3.00 News); 3.03 Gerry Hollohan;

4.00 News; 4.04 Ron Cooper (including 5.00 News; 6.00
News); 4.15 Rock Quit; 7.00 Ron Cooper,- 8.00 Comer*

on Bond.

2CY 850 kHz
6.00 News ond weather; 6.05 Local news; 6.10

Morning Musk with Clive Stark; 7.00 ACT and District

Weather; 7.10 District News; 7.15 News; 7.30 World
Roundup BBC; 8.30 For the Music lover; 10.00 News

in brief; 10.02 Speaking Personally; 10.20 By The Way;
10.35 Kindergarten; 10.50 About Children; 11.00 In*

troducfan ond Rondo; \ 1.20 Presenting the Past; 11.40
Britain Between the Wars; 12.00 Country Hour; 12.30
News and weather; 12.50 National Form Report; 1.00
Serial; 1.15 Stock Exchange Report; 1.23 Notes on the

News,- 1.30 News and weather; 1.45 ACT and District

Weather; 1.48 Sectional Weather, River Heights; Music;
2.00 Music of Bochso; 2.10 let's Join In; 2.25 On the
Movo; 2.40 Singing ond likening; 3.00 Music in Concert;
5.00 Newsvoice; 5.15 Roundabout; 5.58 Stock Ex*

change Report; 6.00 News; 6.05 PM; 6.30 Evening
Music; 6.55 News Commentary; 7,00 News; 7.15
Profile; 7.30 Debussy Quartet; 8.00 Orchestral concert
with Gervase de Peyer and Paul O'Brien - direct from

Melbourne; 8.35 Sinfonia Sacra; 9.00 Doubfetake;
10.00 News; 10.15 Scionc Show; 11.00 News; 11.10

Evening Meditation; 11.15 Music For the Organ; 12.00
A little Night Music; 1.02 Close.

2CN 1440 kHz
5.00 News in Brief; 5.02 Breakfast with Chris Nielsen

(incl News in Brief 5.30; Nows and Weather 6.00,6.45,
7.45; Yachting Report Admiral's Cup 6.42; Cricket

Report Australia v Essex 7.42); 8.00 "AM" - Steve

Coner; 8.30 Music; 8.50 Morning Book Reading:
Gentlemen Prefer Blondes; 9.00 News in Brief; 9.04
Hugh McKenzie (incl Phone-In 9.05; News in Brief 10.00,
11.00, 12.00); 12.08 Midday Extra - June Barton;
12.30 The Afternoon Show with Kevin Chapman; 1.00
News; 1.15 Kevin Chapman (cont) (met News in Brief

2.00, 3.00); 3,30 I'm Sorry W Read Thot Again; 4.00
News In Brief; 4.05 Orivctimo - Terry Malcolm (incl
News in Brief 4.30, 5.00, 5.30, 6.00); 6.30 Sporting
Highlights; 6.45 Music; 7.00 News; 7.15 Tho lexMarinos
Show (incl News in Brief 8.00,9.00, 10.00); 10.02 Music
to Midnight with Ian Neil (incl News in Brief 11.000;
11.55 News); 12.00 2JJJ Till Dawn.

2CC 1206 kHz
1.00 Music Midnight to Down with les Rose (includ

ing 5.00 National news; 5.05 B'fast with Rod Duckworth;
5.30 local news; 5.45 Interstate weather; 6.00 Notional

news); (including 6.15 Interstate weother; 6.30 local

news; 7.00 National news; 7.15 Capt Kremmen; Inter*

state weather; 7.30 local news; 7.45 Canberra
Insight;

8.00 National news; 8.15 Stratton File; 8.30 local news;
9.00 National news; 9.03 What's On; 9.04 Deon Banks;
9.30 Pet Patrol; 10.00 National News); 10.03 More

music with Deon Bonks (including 11.00 Notional News;
11.05 Community News with Ro* loftui); 12.00 Brad
Donaldson; 12.30 local News; 1.00 Notional News;
I.30 Local News; 2.30 Breakthrough Generation; 3.00
National New); 3.30 Pet Pofroi; 4.00 Notional News,
4.30 loci News; 4.00 Gregg Easton; 5.00 Notional

News; 5.30 locol News; 5.45 Capt Kremmcn, 6.00 local
News and National New); 6.03 Music with Gregg
Easton; 8.00 Music with Don Dawkins (including 9.30
Father Jim McLaren; 10.00 National News).

ABC-FM 101.9 MHi

6.00 FM Breakfast; 8.10 FM Morning; 9.30 Arts
Illustrated; 10.30 Beethoven ond Respighi;' 11.00
Stravinsky and Mahler; 12.30 Midway with Maynard;
2.00 Socred and Secular; 3.00 Louis Fremaux Conducts;
4.30 Europe Circa 1300; 5.00 Kaleidoscope; 7.00

Tuesday Evening; 8.00 Pianists on (he Podium; 9.30
Stereo Play; 10.30 A Trio of Cluster; 10.55 News; 11.00
Jim Mcleod's Jaixirock; 1.00 Music To Keep The Doys
Apart.

2XX 100B kHz
5.00 Country Music Brekkie; 6.45 ABC News; 6.55

Sunrise with Stephen including Community News nd
Info; 7.25 Consuming Interest; 7.45 ABC News; 6.15
Ease on Down the Road; 8.30 2XX locol news; 8.45
IY0P News; 9.00 Interchange including; 9.05 Press

Gallery Comment with Mungo McCallum; 9.40 Your
Members m Parliament; 11.00 Focus On latin America/
II.40 Europcon Profile; 12.00 Spectrum with Communi

ty News and Information; 12.30 2XX local News; 1.00
ABC Nationol News; 1.10 let's See; 1.30 The Hospitol
Hour; 2.30 Renaissance Music; 4.00 Sunset; 5.15 Wofs
On; 5.30 ANU Union program; 6.00 ANUSA program;
Ethnic Broadcasting: 6.30 Russian; 7.00 Hungarian; 7.30

Dutch; 8.00 Spanish; 9.00 South Pocific and Timor
News; 9.30 Musk for the Folk; 11.30 Progressive Folk;
1.00 Close.

FIGURE
IT OUT
J. A. H, Hunter IV / I

"Peter, your son?" Jim chuckled, putting
down the photo. "He could be your brother!"

"Come on", Bob protested. "The cube of
Pat's age is the difference between the
squares of Peter's age and mine, so he's not
all that old".

Jim shook his head. "No logic, just
words".

"Okay then". Bob replied. "My age is in

exactly the same ratio to Peter's as his is to
Pat's".

What were those three ages?
Solution tomorrow

Yesterday's solution
Jewel box 20 centimetres by 15 cen

timetres by 8 centimetres.
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Synoptic	MSL	charts	suggest	a	strong	south-westerly	wind	was	apparent	in	the	
Barrington	Tops	region	for	some	hours	before	the	VH-MDX	accident	to	at	least	
the	afternoon	of	the	following	day.	

3.5. Pilot	reports/Communication	transcripts	
In-flight	pilot	reports	can	offer	insight	into	actual	winds	through	calculation	of	
drift	required	to	maintain	a	track	and	speed	using	time	intervals	between	two	
fixes.	In	1981	before	the	advent	of	prolific	GNSS	(Global	Navigation	Satellite	
Systems)	use,	such	calculations	were	performed	with	clock,	map,	heading	and	a	
manual	flight	computer;	a	derivative	of	a	mechanical	slide	rule	calculator.		

Position	timings	are	obtained	from	Department	of	Transport	(DoT)	
communications	transcripts	and	pilot	statements.	Timings	and	drift	held	can	be	
blended	to	reveal	a	likely	wind.		

Additionally,	some	larger	aircraft	of	1981	had	equipment	such	as	Doppler	radar	
and	Inertial	Navigation	Systems	(INS)	that	could	calculate	wind	reasonably	
accurately.	As	VH-MDX	was	operating	below	10000’AMSL,	the	wind	reports	from	
these	larger	better-equipped	aircraft	generally	flying	above	10	000	feet	are	less	
relevant.	Nevertheless	such	upper-level	winds	can	be	used	to	verify	upper-level	
ARFOR	winds	which	can	then	suggest	the	accuracy	of	lower-level	winds.		

The	geographical	positions	of	aircraft	that	will	be	referred	to	in	this	section	for	
wind	related	information	is	shown	in	figure	9	below.	

	
Figure	9:	Airborne	wind	sources.	Tracks	of	aircraft	discussed	in	this	section	(Google	Earth	
2015,	Base	chart:	Department	of	National	Development	and	Energy	1981,	plots:	Glenn	Strkalj	
2015).	

3.5.1. VH-AZC	
VH-AZC	was	a	Cessna	206	proceeding	mainly	coastal	from	Coolangatta	to	
Bankstown	along	similar	overfly	points	as	VH-MDX	including	Coffs	Harbour,	
Kempsey	and	Taree[1].	The	discussed	track	segment	of	VH-AZC	is	shown	in	figure	
9	as	an	orange	line	(note:	a	yellow	line	from	another	aircraft	is	overlaid	as	well).		
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As	VH-AZC	was	operated	under	the	Instrument	Flight	Rules	(IFR)	(unlike	VH-
MDX),	the	pilot	of	VH-AZC	easily	obtained	a	clearance	to	operate	through	RAAF	
Williamtown	and	Sydney	Controlled	airspace[1].	By	Taree,	VH-AZC	was	only	
seven	minutes	ahead	of	VH-MDX	at	the	same	altitude	(8000’)[1]	thus,	was	
conflicting	traffic.		

The	leg	from	Taree	NDB	(Non	Directional	Beacon)	to	Williamtown	NDB	was	a	
course	of	200˚M	and	distance	of	65NM[3].	A	time	interval	of	approximately	40	
minutes	between	these	positions	is	found	from	communication	transcripts	and	
the	pilot’s	statement	as	shown	below	in	figure	10	(Taree	NDB	ATA≈0845UTC	
Williamtown	NDB	ATA	≈0925UTC)[1].		

This	equates	to	a	Ground	Speed	(GS)	of	98	knots	and	aligns	with	the	pilot’s	
statement	indicating	97	knots	GS.		

A	True	Air	Speed	(TAS)	of	130	knots	and	Indicated	Air	Speed	(IAS)	of	120	knots	
at	a	cruise	power	setting	of	23”/2300RPM	are	suggested	by	the	pilot[1].	These	
figures	are	reasonable	as	the	Cessna-206G	Pilot’s	Operating	Handbook	(POH)	
suggests	a	TAS	of	around	135	knots	for	the	prevailing	or	forecast	conditions[5]	
whilst	120	KIAS	adjusts	to	136	KTAS	given	reported	conditions	(ISA-1˚)	or	
135KTAS	in	forecast	conditions	(ISA-5).	

Assuming	130KTAS	and	heading	of	215˚M	as	the	pilot	suggests,	a	wind	of	263˚T	
at	43	knots	is	calculated.	Should	a	TAS	of	134	knots	have	been	apparent	then	the	
calculated	wind	is	260˚T	at	47	knots.	

These	winds	differ	mainly	in	direction	from	the	pilot’s	suggestion	of	240˚	at	40-
45	knots.	The	pilot	was	probably	still	working	in	degrees	magnetic	and	
suggesting	a	magnetic	wind	direction	that	would	then	convert	to	252˚T;	≈10˚	shy	
of	263˚T	or	260˚T.	These	three	figures	effectively	agree	and	would	provide	little	
practical	difference	in	effect	on	aircraft	navigation.		

	
Figure	10:	VH-AZC	pilot	reported	winds:	Taree-Williamtown.	Wind	direction	can	be	
determined	by	using	time	interval	between	two	known	points	and	heading	used	to	maintain	a	
track.	A	south-westerly	(≈250˚T-260˚T)	at	43-47	knots	is	found	(Image:	National	Archives	of	
Australia	(Department	of	Transport)	1981[1]).	
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When	north	of	Coffs	Harbour,	the	pilot	of	VH-AZC	commented	to	Flight	Service	
that	the	winds	experienced	were	more	around	220˚	than	the	forecast	240˚T.	Such	
a	suggestion	broadly	agrees	with	the	TAF	adjusted	winds	of	section	3.3.		

	
Figure	11:	FS	reported	winds:	The	Lake-Coffs	Harbour.	The	area	discussed	here	is	the	far	
north	NSW	coast;	well	north	of	the	accident	area.	Nevertheless,	general	trends	can	be	gained.	A	
more	southerly	(220˚)	wind	direction	compared	to	Barrington	Tops	area	winds	agrees	with	TAF	
winds	of	the	region	adjusted	for	altitude	from	section	3.3	and	to	some	extent	the	MSL	charts	
(figure	7	&	8)	(Image:	National	Archives	of	Australia	(Department	of	Transport)	1981[1]).		

VH-AZC	experienced	a	wind	of	around	260˚T	at	45	knots	between	Taree	and	
Williamtown	from	time	0845UTC	to	0925UTC,	the	latter	time	being	
approximately	15	minutes	before	VH-MDX’s	last	received	radio	call.	

3.5.2. VH-CNW	
VH-CNW	was	a	Piper	model	PA-28	aircraft	conducting	Night	Visual	Flight	Rules	
(NVFR)	training[1].	The	planned	flight	was	to	fly	Cessnock	-	Scone	–	Merriwa	–	
Cessnock[1].	VH-CNW	reported	departing	Cessnock	at	0912UTC	and	tracking	
334˚	on	climb	to	6500’[7].		

Prior	to	Scone	and	abeam	Lake	Liddell,	the	pilot	in	command	elected	to	divert	to	
Singleton	NDB	due	to	‘a	wall	of	cloud’	perceived	to	be	along	a	line	from	Nelson	
Bay	to	Scone[1].	The	discussed	track	segment	of	VH-CNW	is	shown	in	figure	9	as	a	
black	line.	

Wind	at	7500’AMSL	was	reported	as	a	‘direct	westerly	at	50	knots’[1].	This	wind	
report	roughly	agrees	to	an	altitude-adjusted	wind	(290˚T-30˚=260˚T)	from	the	
Maitland	TAF	(being	the	closest	archived	TAF	to	VH-CNW’s	track).	ARFOR	wind	
for	7500’AMSL	was	approximately	250˚T	at	a	little	over	40	knots.	

VH-CNW	reported	a	direct	westerly	wind	at	50	knots	in	the	Cessnock	to	
Singleton	area	at	7500’AMSL.	VH-CNW	was	airborne	during	and	prior	to	the	final	
received	transmission	time	from	VH-MDX	at	0939:26UTC.	

3.5.3. VH-ESV	
VH-ESV,	a	Cessna	402	was	proceeding	from	Toowoomba	to	Williamtown	via	
Sandon	East	at	9000’AMSL.	The	discussed	track	segment	of	VH-ESV	is	shown	in	
figure	9	as	a	blue	line.	The	pilot	reported	in	a	statement	that	he	experienced	a	
35-40kt	headwind	due	to	‘very	strong	westerly	winds’[1].		

Communications	transcripts	record	the	pilot	of	VH-ESV	reporting	a	westerly	
wind	at	70kts	to	Sydney	FIS-5	(Flight	Information	Service	5)[1].	This	statement	
implies	that	VH-ESV	is	experiencing	70	knot	winds	however	the	author	believes	
that	the	pilot	of	VH-ESV	is	repeating	what	the	pilots	of	turboprop	aircraft	
operating	around	FL200	were	reporting	on	the	FIS-5	frequency.		



©	Glenn	Strkalj	2014-2015	
	

	
©	Glenn	Strkalj	2014-2015	

	

27	

In	an	ASIB	(Air	Safety	Investigation	Branch)	Inspector’s	statement	of	interview	
with	the	pilot	of	VH-ESV,	there	is	reference	to	an	‘east	coast	commuter	aircraft	
northbound	assessed	these	as	65	knots	plus’[1].		

‘Commuter	aircraft’	likely	refers	to	turboprop	aircraft	operating	around	FL200	
hence	reflecting	higher	altitude	winds	rather	than	at	9000’AMSL	that	VH-ESV	
was	cruising	at.	The	ARFOR	20	wind	at	18500’	was	250˚T/70	knots	which	also	
supports	this	suggestion.	

It	is	unknown	what	VH-ESV’s	actual	tracking	was	prior	to	Sandon	East	but	it	was	
likely	to	be	via	Glen	Elgin	NDB	or	Glen	Innes	NDB	then	to	Armidale	NDB	given	a	
time	interval	of	23	minutes	between	an	unknown	position	and	Sandon	East.		

Armidale	NDB	was	54	NM	from	Sandon	East	and	a	GS	of	140	knots	equates	if	
considering	a	time	interval	of	23	minutes.	When	adjusted	for	a	35-40	knot	
headwind,	a	TAS	of	around	175-180	knots	results.	This	TAS	is	likely	for	a	Cessna	
402.	Relevant	courses	are	Toowoomba	–	Glenn	Innes	NDB	174˚M[3]	Armidale	-	
Sandon	East	165˚M[6],	Sandon	East	–	Williamtown	165˚M[6].	

Combining	these	courses	with	the	approximate	TAS	and	headwind	component	
indicates	a	south-westerly	wind	at	around	45	knots	or	a	westerly	at	around	100	
knots.	The	westerly	can	be	discarded	on	the	grounds	of	being	too	strong	
compared	to	all	the	winds	from	different	sources	discussed	thus	far.		

VH-ESV	was	experiencing	these	winds	at	least	during	the	period	0847UTC-
0913UTC,	some	26	minutes	before	the	final	received	call	from	VH-MDX.	

Accordingly,	it	is	suggested	likely	that	VH-ESV	experienced	headwinds	of	35kt-
40kt	as	reported	and	that	a	south-westerly	wind	of	approximately	45	knots	was	
experienced.		

Additionally,	VH-ESV	refueled	at	Williamtown	and	departed	to	conduct	VH-MDX	
search	operations.	At	1139UTC	Sydney	ATS	requested	‘..to	provide	a	wind	
drift’[14].		

The	pilot	of	VH-ESV	responded	at	1143UTC,	approximately	2	hours	after	the	final	
received	transmission	from	VH-MDX	with	‘..wind	drift	is	11	to	12	degrees		30	
knots’[14].		

At	the	time	of	the	wind	check,	VH-ESV	was	operating	at	6000’AMSL	in	vicinity	of	
a	position	012˚M/39NM	from	West	Maitland[14].	This	position	is	near	the	
foothills	of	the	eastern	section	of	the	main	Barrington	Ranges,	approximately	
2km	south	of	Big	Ben.		

It	is	unknown	what	track	or	airspeed	VH-ESV	was	maintaining	during	the	wind	
check	so,	accurate	conclusions	cannot	be	drawn.	It	is	accepted	that	a	30	knot	
wind	was	apparent	at	6000’AMSL	and	when	considering	other	sources	of	wind	
information,	a	south-westerly	direction	of	origin	was	likely.			
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3.5.4. VH-TVG	
VH-TVG	(probably	a	PA-28)	was	tracking	Cessnock	–	Singleton	-	West	Maitland	–	
Aeropelican	-	The	Entrance	at	4000’AMSL	and	required	50˚	layoff	on	the	
Aeropelican	–	The	Entrance	leg	due	‘strong	westerly	winds’[1].	The	discussed	track	
segment	of	VH-TVG	is	shown	in	figure	9	as	an	aqua	line.	

Cruise	TAS	planned	for	the	PA-28	is	normally	105	knots[8].	Aeropelican	to	The	
Entrance	required	a	course	of	around	192˚M[6].	Assuming	a	direct	westerly	wind	
direction	was	apparent	then	a	wind	speed	of	approximately	80	knots	was	
required	to	achieve	50˚	of	drift	at	105KTAS.	80	knots	is	viewed	excessive	in	light	
of	other	pilot	wind	reports.		

To	‘achieve’	a	wind	in	the	order	of	50	knots	from	a	westerly	direction	(as	has	
been	found	so	far)	with	50˚	drift	along	the	stated	track	would	require	a	TAS	of	
around	60knots.		

There	were	not	many	training	aircraft	that	exhibited	such	a	slow	cruise	TAS	
however	it	is	possible	although	unlikely	that	the	aircraft	was	a	different	type	or	
was	attempting	to	climb.	Alternatively,	local	effects	may	have	accelerated	the	air	
flow.		

More	likely	is	that	the	report	of	50˚drift	may	have	been	in	error.		

The	reported	wind	that	VH-TVG	experienced	cannot	be	refined	to	an	accurate	
value	although	what	can	be	concluded	is	that	a	strong	westerly	wind	was	
apparent.	

3.5.5. VH-FCF	
VH-FCF	believed	to	be	a	Fokker	27	type	aircraft	was	tracking	from	Sydney	to	
Coffs	Harbour	via	Williamtown	and	Taree[1].	The	aircraft’s	track	is	shown	in	
figure	9.	VH-FCF	flying	at	FL170	(≈17000’AMSL)	reported	overhead	
Williamtown	at	0917UTC	and	estimated	Taree	at	0934UTC[1].	The	Williamtown	
Taree	leg	was	65NM	on	a	course	of	019˚M[6].	A	statement	from	the	captain	of	VH-
FCF	is	given	below	in	figure	12.		

	
Figure	12:	Excerpt	from	Air	Safety	Incident	Report	from	Captain	K.	Holden.	Captain	Holden	
was	Pilot	in	Command	of	VH-FCF	(National	Archives	of	Australia	(Department	of	Transport)	
1981[1]).	

A	wind	of	60	knots	from	the	south-west	was	reported	by	the	captain	of	VH-FCF	
at	‘altitude’[1]	that	is	assumed	to	be	FL170.	It	cannot	be	determined	if	this	wind	
was	obtained	through	navigation	of	the	aircraft	or	if	the	captain	was	simply	
repeating	the	forecast	wind.		
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The	pilot	reported	wind	broadly	agrees	with	interpolation	between	ARFOR	winds	
at	18500’	of	250˚T/70	knots	and	14000’	of	250˚T/55	knots	thus	validating	the	
ARFOR	winds	to	some	extent.		

It	is	likely	that	VH-FCF	experienced	a	south-westerly	wind	of	60	knots	at	FL170	
between	Williamtown	and	Taree	from	0917UTC	to	0934UTC.	The	latter	time	is	
approximately	5.5	minutes	prior	to	VH-MDX’s	final	received	radio	transmission.	

3.5.6. VH-CUD	
VH-CUD	was	operating	VFR	the	morning	after	the	VH-MDX	accident.	The	area	of	
interest	is	shown	in	figure	9	as	a	pink	circle.	The	pilot	of	VH-CUD	reported	a	
south-westerly	wind	at	20	knots	in	the	area	5NM	south	of	Craven	waypoint[12].	
This	information	was	passed	on	to	the	RCC	from	Sydney	FS	at	2111UTC;	
0711EST	on	the	morning	after	the	accident[12].		

3.5.7. VH-CEC	
VH-CEC	was	a	television	station	helicopter	engaged	in	search	activities	
commencing	the	morning	after	the	VH-MDX	accident[12].	VH-CEC	positioned	to	
Gloucester	airfield	from	2HD	radio	station	at	Newcastle[12]	during	the	morning	
after	the	accident	as	shown	by	the	west	most	red	line	in	figure	9.		

At	2130UTC	(0730EST),	the	pilot	reported	a	‘strong	wind’	at	4000’AMSL[12].		

3.6. Williamtown	Air	Traffic	Control	Officer	(ATCO)	
At	0936:30UTC,	a	Sydney	ATCO	requested	the	Williamtown	ATCO	for	the	
weather	conditions	at	Williamtown,	this	being	approximately	3	minutes	prior	to	
the	final	received	radio	transmission	from	VH-MDX[1].		

The	response	was:	‘My	weather,	we’re	CAVOK-fairly	strong	winds,	westerly	at	
20k’[1].			

Applying	a	similar	correction	to	this	surface	wind	as	in	section	3.3	(-30˚),	it	can	
be	seen	a	south-westerly	wind	was	likely	at	altitude.		

A	westerly	wind	of	20	knots	at	near	ground	level	was	observed	at	RAAF	
Williamtown	approximately	3	minutes	prior	to	the	final	received	radio	
transmission	from	VH-MDX	.	This	alludes	to	a	stronger	wind	from	the	south-west	
at	altitude	above	Williamtown.	

3.7. ASIB	views	
The	following	ASIB	statement	sums	up	the	Branch’s	assessment	of	weather	
conditions:	

	
Figure	13:	ASIB	Statement	regarding	weather	analysis.	(Image:	National	Archives	of	Australia	
(Department	of	Transport)	1981[1]).	
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Within	the	ASIB/BASI	VH-MDX	Accident	Investigation	Report,	the	prevailing	
wind	is	given	as	250˚	at	60	knots[1].	It	appears	likely	that	this	wind	was	the	result	
of	blending	ARFOR,	pilot	reported	and	possible	post	accident	search	reported	
winds.		

During	the	night	of	the	accident,	it	will	be	shown	that	continuous	winds	were	
unlikely	to	be	above	50	knots.	As	the	search	progressed,	varying	reports	from	
NSW	Police	regarding	winds	were	recorded.	

On	the	night	of	the	accident,	a	Police	officer	on	the	ground	approximately	2km	
south	of	Big	Ben	on	the	eastern	foothills	of	the	main	ranges	reported	a	north-
westerly	wind[14].		

During	the	afternoon	on	the	day	after	the	accident,	an	ASIB	Inspector	at	Mt	
Berrico	reports	‘.cloud	coming	in	from	Tamworth..’	alluding	to	a	north-westerly	
wind[12].		

Two	days	after	the	accident,	Police	advise	the	RCC	of	a	weather	report	for	the	
search	area	stating	north-west	to	westerly	winds	at	40	knots[12].	About	an	hour	
later	Police	phoned	the	RCC	and	advised	winds	for	the	Gloucester	area	were	
north-westerly	to	westerly	at	60	knots[12].		

Section	3.5.3	highlights	what	appears	to	be	confusion	in	the	VH-MDX	accident	
investigation	folio	regarding	higher-level	commuter	aircraft	reported	winds	in	
the	order	of	60-70	knots	with	those	below	10000’AMSL.		

As	can	be	seen,	potential	input	to	the	ASIB	reported	wind	speed	might	have	been	
derived	from	wind	observations	of	inappropriate	times	and	altitudes	and,	of	
questionable	sources.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	14:	ASIB	Accident	Investigation	Report	wind.	Wind	during	the	accident	is	given	as	
250˚,	most	likely	true	degrees,	at	60	knots.	This	wind	is	most	likely	based	on	blended	ARFOR	
winds,	pilot	reported	winds	and	observed	winds	in	the	following	days	during	the	Search	and	
Rescue	operation	(Image:	National	Archives	of	Australia	(Department	of	Transport)	1981[1]).	

The	ASIB	conclude	that	the	wind	apparent	during	the	VH-MDX	accident	was	
250˚/60	knots.	It	is	assumed	the	direction	was	in	degrees	true	to	be	consistent	
with	ARFOR’s.	It	is	viewed	that	such	a	wind	speed	reflects	wind	at	levels	well	
above	10000’AMSL.		
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3.8. Ground	witnesses	
At	1231UTC	on	the	night	of	the	accident,	police	attending	a	fire	of	interest	2km	
south	of	Big	Ben	(eastern	foothills)	reported	‘very	strong	wind	gusts	from	the	
north-west[14].	Given	many	other	sources	suggesting	a	south-westerly	wind,	the	
accuracy	of	the	direction	is	viewed	as	questionable.	Despite	this,	local	effects	
from	terrain	may	have	modified	the	wind	direction	and	indeed	the	wind	may	
have	been	a	north-westerly.		

During	search	operations	in	the	days	following	the	accident,	it	was	reported	by	a	
Gloucester	Police	Officer	that	‘many	days	were	60	knot	to	80	knot	winds’	also;	
‘with	extreme	turbulence	in	the	Williams,	Allyn,	Chichester	River	valleys[10]’.		

It	is	unknown	how	the	officer	determined	these	wind	speeds.	Quite	possibly	the	
reports	came	from	the	Police	helicopter	crew.	If	the	wind	was	determined	by	
Police	staff	on	the	ground,	the	accuracy	of	the	report	is	questionable.			

During	the	night	of	the	accident	a	Police	Officer	reported	very	strong	gusty	winds	
from	the	north-west	in	the	south	eastern	foothills	area	of	the	Barrington	ranges.	
A	Police	Officer	reported	that	winds	during	the	search	operation	were	on	many	
days	60-80	knots.		

3.9. Wind	modeling	
A	detailed	fluid	dynamics	computer	simulation	of	the	airflow	around	Carey’s	
Peak	and	the	Upper	Williams	Valley	area	was	carried	out	by	Glenn	Horrocks[9].		

The	simulation	was	carried	out	to	support	then-current	theories	relating	to	VH-
MDX	having	impacted	in	or	near	the	Upper	Williams	River	area.	

The	simulation	uses	ARFOR	winds	and	provides	insight	into	local	wind	flows	
modified	by	terrain	upstream	and	in	within	the	area	of	analysis.	The	following	
conditions	were	predicted[9]:	

- Flow	separation	existed	over	the	top	and	lee	flow	area	of	Carey’s	Peak	
- As	a	result	of	separation,	there	were	no	large	downdrafts	
- Downdrafts	were	limited	to	approximately	+/-250fpm	
- As	altitude	decreased,	turbulence	increased	dramatically	
- Winds	in	the	middle	of	the	Upper	Williams	River	Valley	at	5000’AMSL	

became	southerly	and	blowing	at	low	speed.	

A	profile	of	wind	characteristics	for	the	specific	position	analysed	is	given	on	the	
next	page	in	figure	15.		
	
The	predicted	winds	are:		

- Around	35	knots	at	6000’AMSL	
- Around	23	knots	at	5000’AMSL.	

These	wind	results	are	only	valid	for	the	particular	geographic	position	specified.		
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Figure	15:	Wind	profile	at	Upper	Williams	River.	≈35	knots	at	6000’AMSL	and	≈23	at	
5000’AMSL	are	predicted	in	this	particular	geographical	position	(Image	Glenn	Horrocks	2013).	

Winds	of	around	35	knots	at	6000’AMSL	and	around	23	knots	at	5000’AMSL	are	
predicted	by	this	model	in	the	middle	of	the	Upper	Williams	River	Valley.		

3.10. Weather	balloon	winds	
Williamtown	weather	balloon	reported	winds	have	been	obtained	from	the	
Bureau	of	Meteorology.	Annex	F	contains	the	raw	data.	Some	data	is	missing	with	
the	most	important	items	being	the	sample	heights	that	would	have	been	
obtained	through	radar	tracking	of	the	balloon.		

Although	missing	some	radar	heights,	wind	data	does	exist	along	with	pressure	
at	the	sample	altitude.	Applying	the	standard	atmospheric	pressure	lapse	rate	
below	10000’	of	1hPa	per	30’	can	yield	heights	that	are	accurate	enough	(within	
about	100’-200’)	for	the	purpose	of	determining	the	height	of	the	sample.	These	
lapse	rate	predicted	heights	are	shown	in	red	in	the	following	tables.	

There	is	Williamtown	weather	balloon	data	for:	

- 2300Z	08	Aug	81	(0900EST	on	day	of	accident,	approximately	10.5	hours	
before	the	last	transmission	from	VH-MDX	)	

- 0500Z	09	Aug	81	(1500EST	on	day	of	accident,	approximately	4.5	hours	
before	the	last	transmission	from	VH-MDX)	

- 1100Z	09	Aug	81	(2100EST	on	night	of	accident,	approximately	1.5	hours	
after	the	last	transmission	from	VH-MDX).	

These	will	be	presented	in	the	following	sub	sections.		
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3.10.1. 2300Z,	08	Aug	81	Williamtown	weather	balloon	flight	
	

Wind	
Direction	

Wind	
Speed	
(knots)	

Pressure	
(hPa)	

Geopotential	
Height	in	gpm	
(meters)	

Height	
(Feet)	

310	 21.4	 1005	 8	 26	
300	 36.9	 950	 -	 1676	
270	 44.7	 900	 920	 3018	
270	 42.8	 850	 1390	 4560	
-	 -	 800	 1870	 6135	

270	 33.0	 750	 -	 7635	
280	 36.9	 700	 2930	 9613	
280	 36.9	 600	 4090	 13418	
270	 60.3	 500	 5420	 17782	

Figure	16:	2300Z,	8th	August	1981	Williamtown	weather	balloon	data.	This	data	was	
obtained	approximately	10.5	hours	before	the	last	transmission	from	VH-MDX	(Data:	Australian	
Government	(Bureau	of	Meteorology	)	1981).	

	

3.10.2. 0500Z,	09	Aug	81	Williamtown	weather	balloon	flight	
	

Wind	
Direction	

Wind	
Speed	
(knots)	

Pressure	
(hPa)	

Geopotential	
Height	in	gpm	
(meters)	

Height	
(Feet)	

290	 23.3	 1012	 8	 26	
290	 27.2	 950	 -	 1886	
270	 33.0	 900	 -	 3386	
260	 35.0	 850	 -	 4886	
240	 40.8	 750	 -	 7886	
230	 38.9	 700	 -	 9386	
250	 42.8	 600	 -	 12386	
250	 48.6	 500	 -	 15386	
250	 70.0	 400	 -	 18386	

Figure	17:	0500Z,	9th	August	1981	Williamtown	weather	balloon	data.	This	data	was	
obtained	approximately	4.5	hours	before	the	last	transmission	from	VH-MDX	(Data:	Australian	
Government	(Bureau	of	Meteorology	)	1981).	
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3.10.3. 1100Z,	09	Aug	81	Williamtown	weather	balloon	flight	
	

Wind	
Direction	

Wind	
Speed	
(knots)	

Pressure	
(hPa)	

Geopotential	
Height	in	gpm	
(meters)	

Height	
(Feet)	

290	 15.6	 1007	 8	 26	
290	 38.9	 950	 -	 1736	
260	 44.7	 900	 930	 3051	
240	 44.7	 850	 1390	 4560	
-	 -	 800	 1880	 6168	

230	 31.1	 750	 -	 7668	
230	 36.9	 700	 2930	 9613	
240	 38.9	 600	 4110	 13484	
240	 58.3	 500	 5450	 17880	

Figure	18:	1100Z,	9th	August	1981	Williamtown	weather	balloon	data.	This	data	was	
obtained	approximately	1.5	hours	after	the	last	transmission	from	VH-MDX	(Data:	Australian	
Government	(Bureau	of	Meteorology	)	1981).	

3.10.4. Comparison	of	relevant	weather	balloon	winds	

Altitude	 2300Z	
(-10:40)	

0500Z	
(-4:40)	

1100Z	
(+1:20)	

≈5000’	 270˚T/43kt	 260˚T	/35kt	 240˚T	/45kt	
≈8000’	 270˚T	/33kt	 240˚T	/41kt	 230˚T	/31kt	
≈10000’	 280˚T	/37kt	 230˚T	/39kt	 230˚T	/37kt	

Figure	19:	Comparison	of	weather	balloon	wind	values	at	relevant	altitudes	and	times.	

Obvious	from	the	comparison	in	figure	19	is	that	wind	direction	is	backing	with	
time	although	no	real	trend	can	be	made	of	wind	speed	other	than	concluding	
speeds	were	reasonably	stable.		

Williamtown	weather	balloon	data	suggests	winds	originating	from	230˚T-260˚T	
at	speeds	between	31-45	knots	at	altitudes	between	approximately	5000’AMSL	
and	8000’AMSL.	These	were	applicable	above	Williamtown	around	the	time	of	
the	accident.		

3.11. Specific	forecasts	for	VH-MDX	search	operation	
Specific	forecasts	were	requested	from	the	Bureau	of	Meteorology	to	support	the	
VH-MDX	search	operation.	It	is	believed	the	winds	were	forecast	for	ground	
level.	

3.11.1. 10	August	1981	EST	
The	first	was	issued	at	1136UTC	(2136EST)	on	the	night	of	the	accident	valid	for	
the	next	morning[14].	Wind	in	the	Barrington	Tops	area	was	forecast	to	be	
250˚/25	knots[14].		It	was	likely	the	wind	direction	was	in	degrees	true	but	the	
altitude	for	the	forecast	is	unknown.		
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3.11.2. 11	August	1981	EST	
Winds	were	forecast	to	be	10-15	knots	with	good	weather	for	the	day[27].	Wind	
direction	and	altitude	unknown.			

3.11.3. 12	August	1981	EST	
Wind	forecast	for	0600EST	were	5	to	10	knot	winds[27].	Wind	direction	and	
altitude	is	unknown.		

3.11.4. 13	August	1981	EST	
Winds	were	forecast	to	be	20	to	30	knots	varying	from	a	westerly	to	south-
westerly	direction	of	origin.		

3.12. Mountain	winds	

3.12.1. Complex	flows	
Wind	flows	near	and	over	mountains	are	complex	and	depend	on	factors	such	as	
terrain	shape,	atmospheric	stability,	wind	speed	and	wind	angle[2][15].	Figure	20	
below	shows	how	the	lower,	more	stable	and	denser	air	mass	can	flow	along	the	
sharp	terrain	whilst	the	higher	air	mass	can	flow	over	terrain	given	its	lower	
density[15].	

																													 	
Figure	20:	Mountain	wind	flows.	Flows	near	and	over	mountains	are	complex	(Australian	
Government	(Bureau	of	Meteorology)	2003).	

Reversed	flow	direction	and	even	acceleration	of	wind	is	possible.	Wind	flows	
over	hills	and	mountains	can	also	result	in	the	following	phenomena	or	
outcomes:	

- Downdrafts	
- Mountain	waves	
- Rotor	zones	
- Turbulence	
- Lee	trough	(Significant	altimeter	errors).	

Considering	the	flow	complexity	around	mountains,	forecast	or	reported	winds	
may	not	be	representative	of	winds	around,	over	or	close	to	mountains.		
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The	best	sources	of	wind	information	of	the	Barrington	Tops	area	are	from	pilot	
reports	and	computer	fluid	dynamics	modeling.	The	latter	method	has	been	
carried	out	for	a	previous	VH-MDX	area	of	interest	and	will	be	conducted	again	
for	further	areas.		

3.12.2. Downdrafts	
Flow	over	hills	and	mountains	generally	result	in	some	form	of	downward	flow	
on	the	lee	as	the	flow	attempts	to	restore	to	the	pre-disturbance	flow.	The	
position	and	intensity	of	the	downdraft	is	dependent	on	factors	such	as	those	
described	in	section	3.12.1.	This	phenomenon	will	be	discussed	in	section	6.		

3.12.3. Mountain	waves	
Mountain	waves	are	wind	flows	downwind	of	significant	obstructing	terrain	that	
are	wave/sinusoidal	like	in	vertical	flow.	Such	flow	can	be	apparent	at	significant	
heights	above	the	disturbing	terrain[15].	Mountain	wave	wavelength	can	vary	
between	5km	to	50km[16].	Figure	21	depicts	mountain	wave	characteristics.		

Knowledge	of	the	existence	of	mountain	waves	is	important	to	the	VH-MDX	
accident	as	an	understanding	of	the	vertical	flows	can	be	gained	that	may	assist	
determination	of	aircraft	flight	path.		

																 	
Figure	21:	Mountain	waves.	(Image:	Australian	Government	(Bureau	of	Meteorology)	2003).	

Mountain	waves	do	not	have	to	be	apparent	for	downdrafts	to	exist.	Particular	
pre-conditions	are	required	to	generate	mountain	waves:	

- Wind	flow	within	30˚	to	perpendicular	of	the	mountain	range[24]	
- Minimum	wind	speed	near	mountain	top:	25[2][16][24]-30	knots[2][16]	
- Increasing	wind	speed	with	increased	height[16][24]	
- Stable	layer	of	air	above	the	terrain	sandwiched	by	an	unstable	layer	

below	to	ground	level	and	an	unstable	or	weakly	stable	layer	above[16]	
(causes	a	venture-like	effect)[28]	

- Wind	direction	relatively	constant	with	altitude[24].	

Vertical	airflows	can	exceed	15	knots	(1500fpm)	and	have	been	measured	at	
more	than	40	knots	(4000fpm)	in	the	United	States[16][28].		
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Figure	22	overviews	these	requirements	compared	to	conditions	that	were	
apparent	or	forecast	during	the	time	of	the	VH-MDX	accident.		

Requirement	 Forecast	or	apparent	condition	

Wind	direction	within	30˚	
of	perpendicular	to	the	
mountain	range	and	near	
constant	direction	with	
height	

230˚T-270˚T	winds:	
- Close	to	perpendicular	to	Barrington	Tops	
and	Mount	Royal	range		

- Oblique	to	range	associated	with	
Gloucester	Tops	

- Near	constant	direction	with	height	
Wind	speed	near	
mountaintops	minimum	
25-30knots	

30-50	knots	at	8000’AMSL,	around	25	knots	
near	terrain	

Increasing	wind	speed	
with	height	

- AROFR	Area	20	and	Upper	Williams	wind	
modeling	suggest	increasing	wind	speed	
with	height.		

- WLM	weather	balloon	overall	suggests	
increasing	speed	with	height,	but	a	slowing	
of	wind	is	evident	between	approximately	
4000’AMSL	and	13000’AMSL.	

Stable	layer	above/near	
mountaintops		

WLM	weather	balloon	info	suggests	a	stable	
layer	around	4500AAL’	to	6200’AAL	at	
1100UTC	

Unstable	layer	below	
mountaintops	to	surface	

- Cumulus	cloud	forecast	along	western	
tops	of	mountains	

- TAF’s	of	some	surrounding	aerodromes	
had	low	level	cumulus	forecast	

- WLM	weather	balloon	suggests	an	
unstable	layer	if	in	cloud	between	0-
3000’AAL	(extrapolating	to	ranges)	at	
1100UTC	

Unstable	to	slightly	stable	
layer	above	the	stable	
layer	

WLM	weather	balloon	suggests	a	slightly		
stable	or	unstable	atmosphere	6200’AAL	to		
9200’AAL	(dependent	on	if	in	cloud	or	not:	in		
cloud	=	unstable,	in	the	clear	=	stable).	

Figure	22:	Mountain	wave	requirements	vs.	accident	conditions.	From	this	information,	it	is	
fair	to	suggest	that	mountain	waves	probably	existed	along	the	main	ranges	associated	with	the	
Barrington	Tops	during	the	VH-MDX	accident.		

Figure	23	presents	environmental	lapse	rates	(ELR)	determined	from	the	
Williamtown	weather	balloon	data	at	1100UTC:	approximately	one	and	a	half	
hours	following	the	final	received	transmission	from	VH-MDX.	ELR	is	used	to	
determine	atmospheric	stability	as	used	in	figure	22.	

Note	that	Williamtown	is	approximately	45NM	south-east	of	the	accident	area	
and	downwind	of	the	Great	Dividing	Range	accordingly,	conclusions	drawn	offer	
insight	rather	than	hard	results.			
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Height	above	
Williamtown	(AAL)	

Approximate	
environmental	
lapse	rate	(ELR)	

Stability		
(assuming	SALR	=	1.5˚/1000’	and	

DALR	=	3.0˚/1000’)	

0’-3000’	 2.2˚/1000’	
Conditionally	unstable:	
Stable	if	air	considered	has	no	cloud	
Unstable	if	air	considered	is	in	cloud	

3000’-4500’	 1.7˚/1000’	

Very	stable	if	air	considered	has	no	
cloud	
Slightly	unstable	if	air	considered	is	
in	cloud	

4500’-6200’	 0.9˚/1000’	 Absolutely	stable	

6200’-9600’	 2.4˚/1000’	
Conditionally	unstable:	
Stable	if	air	considered	has	no	cloud	
Unstable	if	air	considered	is	in	cloud	

Figure	23:	1100UTC	Williamtown	1100UTC	weather	balloon	data	and	atmospheric	
stability.	

From	the	information	in	figures	22	and	23,	it	can	be	seen	that	mountain	waves	
probably	existed	in	the	Barrington	Tops	area	during	the	VH-MDX	accident.		

Figures	24	and	25	show	that	mountain	waves	were	forecast	by	ARFOR	and	
SIGMET	in	the	southern	areas	of	AREA	40	(south	of	latitude	25˚S	(Bundaberg))	
but	not	in	Area	20	where	the	VH-MDX	accident	occurred[1].			

	
Figure	24:	Brisbane	FIR	SIGMET:	Mountain	waves	(MTW)	(Image:	National	Archives	of	
Australia	(Department	of	Transport)	1981[1]).	

	

	
Figure	25:	Area	40	ARFOR:	Mountain	waves	(MTW)	(Image:	National	Archives	of	Australia	
(Department	of	Transport)	1981[1]).	

If	the	air	is	dry,	there	may	be	no	cloud	associated	with	mountain	waves	but	if	
sufficient	moisture	exists,	clouds	may	form	indicating	mountain	waves	are	
present[16].		
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In	particular,	clouds	of	a	lens-like	appearance	known	as	lenticular	clouds	forming	
in	the	areas	of	rising	air	and	near	the	tops	of	a	mountain	range	suggest	mountain	
waves	are	present[16].	As	figure	26	shows,	lenticular	clouds	were	present	in	the	
Barrington	Tops	area	the	morning	after	the	accident[1].		 	

	
Figure	26:	Observed	lenticular	cloud.	Lenticular	cloud	was	observed	the	morning	after	the	
accident	from	Berrico	Trig	by	an	ASIB	officer	(Image:	National	Archives	of	Australia	(Department	
of	Transport)	1981[1]).	

Such	cloud	suggests	the	existence	of	mountain	waves	and	to	some	extent	
confirms	the	wind	speed	as	being	at	least	25-30	knots	near	the	mountaintops.		

3.12.4. Rotor	zones	
Rotors	are	the	result	of	air	completely	circulating[16]	in	the	vertical	plane	in	a	
relatively	small	radius	at	the	lee	of	mountains.	Large	amplitude	mountain	waves	
combined	with	ideal	shear	conditions	generate	rotor	zones[16].	Unstable	air	at	
lower	altitudes	below	mountaintops	encourages	the	rolling	flow	responsible	for	
rotor	zones	at	around	the	mountaintop	level[28].		The	rotor	zone	is	shown	below	
in	figure	27.		

	
Figure	27:	Rotor	zone.	Extreme	turbulence	and	downdrafts	are	associated	with	rotor	zones.	
Rotors	clouds	may	or	may	not	form	(Australian	Government	(Bureau	of	Meteorology	1998[16])).	

Rotor	zones	generate	the	most	severe	turbulence	associated	with	mountain	
waves[16].	The	strongest	turbulence	is	associated	with	the	rotor	under	the	first	
wave	crest[16].	At	times,	isolated	ragged,	rounded	cloud	known	as	rotor	cloud,	can	
be	associated	with	rotors[16].	Rotors	appear	stationary	relative	to	the	ranges	that	
generated	them[2].		

Pilots	need	to	avoid	rotor	zones	to	avoid	extreme	turbulence	and	the	possibility	
of	contacting	terrain.		
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3.12.5. Turbulence	and	lee	troughs	
These	will	be	discussed	in	greater	detail	in	sections	5	and	10	respectively.		

3.13. Discussion:	Wind	
Figure	28	on	the	following	page	summarises	the	wind	sources	revealed	in	
section	3.		

There	is	little	doubt	that	a	south-westerly	to	westerly	wind	existed	during	the	
VH-MDX	accident	in	the	general	area	of	the	Barrington	ranges	at	8000’AMSL	and	
below	to	the	mountaintops.	230˚T-	270˚T	is	suggested	as	the	likely	wind	
direction	range.	

Wind	speed	wise,	the	30-50	knot	range	at	8000’AMSL	is	suggested	by	the	more	
reliable	sources:	i.e.	weather	balloon	and	aircraft	time	intervals	between	
waypoints.	Speed	suggestions	in	excess	of	50	knots	are	derived	from	more	
questionable	sources.		

Accordingly,	a	wind	of	230˚T-270˚T	at	30-50	knots	is	viewed	as	the	most	likely	
wind	range	apparent	during	the	VH-MDX	accident	in	the	area	of	the	Barrington	
ranges	at	around	8000’AMSL.		

Wind	speeds	below	this	altitude	would	be	reduced	somewhat	by	boundary	layer	
effects.	Wind	speeds	of	around	35	knots	at	6000’AMSL	and	23	knots	at	
5000’AMSL	were	predicted	by	computer	fluid	dynamics	modeling	at	one	point	
near	the	Barrington	Tops.	Such	modeling	offers	insight	to	wind	speeds	at	lower	
altitudes.		

Wind	gusts	may	also	have	existed	that	caused	speeds	in	excess	of	50	knots	for	
relatively	short	periods.			
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Source	
Time	(UTC)	
Experienced
/Forecast		

Altitude	
(Feet)	

Wind	
(˚T/Knots)	

Area	
Experienced/	
Forecast	

ARFOR	20	 0500	–	1700	
5000’	
7000’	
10000’	

250˚/35	
250˚/40	
250˚/45	

Area	20	

TAF	 0800-1400	 ≈	>7000’	
≈	>7000’	

260˚	
220˚	

-	Upwind	of	Tops	
-	Downwind	Tops	

MSL	Charts	 0500	for	9th	&	
10th	August	 ≈	>7000’	 Strong	south-

westerly	 General	Area	

VH-AZC	 						0845-0925	 8000’	 260˚/45	 TRE-WLM	

	
VH-CNW	 0932-0940	 7500’	 270˚/50	 CNK-SGT	

VH-ESV	 0847-0913	 9000’	 South-westerly	
≈45	knots	 GLI-ARM-SOE-WLM	

VH-ESV	 1143	 6000’	 30	knots	with	11˚-
12˚	drift	

Big	Ben		
(Eastern	foothills)	

VH-TVG	 	
?	 4000’	 Strong	westerly	 PEC-The	Entrance	

VH-FCF	 0917-0934	 FL170	 South-westerly	
60	knots	 WLM-TRE	

VH-CUD	 ≈2111	 ?	 South-westerly	20	
knots	

5NM	south	of	Craven	
waypoint	

VH-CEC	 2130	 4000’	 ‘strong	wind’	 East	of	Barrington	
ranges	

WLM	ATCO	 0936:30	 Ground	
Level	

Westerly	
20	knots	 WLM	

WLM	ATCO	
ground	level	

0936:30	 Aloft	 ≈	South-westerly	 WLM	modified	for	
boundary	layer	

ASIB	 N/A	 N/A	 250˚/60	 Barrington	Tops	Area	
Police	on	the	
ground	 Days	following	 N/A	 60-80	knots	 Barrington	Tops	Area	

Police	on	the	
ground	 1231	 Ground	

level	
Very	strong	gusts	
from	north-west	

Eastern	foothills	2km	
south	of	Big	Ben		

Wind	modeling	 During	accident	 5000’	
6000’	

SW	≈23	knots		
SW	≈35	knots		

Upper	Williams	River		
UTM	570	500	

Weather	
Balloon	

2300		
08	Aug	

4600’	
7600’	
9600’	

270˚T/43	
270˚T/33	
280˚T/37	

WLM	

Weather	
Balloon	

0500		
09	Aug	

4900’	
7900’	
9400’	

260˚/35	
240˚/41	
230˚/39	

WLM	

Weather	
Balloon	

1100		
09	Aug	

4600’	
6200’	
7700’	
9600’	

240˚/45	
xxxxx	
230˚/31	
230˚/37	

WLM	

Bureau	of	
Meteorology	

AM	10	Aug	
AM11	Aug	
AM	12	Aug	
AM	13	Aug	

?	

250˚T/25	
10-15	
5-10	
20-30	

Barrington	Tops	Area	

Figure	28:	Summary	of	wind	sources	and	values.	
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3.14. Conclusions:	Wind	 	
A	wind	of	230˚T-270˚T	at	30-50	knots	was	likely	experienced	by	VH-MDX	in	the	
Barrington	Tops	area	at	8000’AMSL.		

Winds	just	above	the	terrain	were	likely	of	a	similar	direction	to	those	at	
8000’AMSL	but	around	20-30	knots.	

Gusts	or	modification	to	flow	from	terrain	or	atmospheric	stability	may	have	
resulted	in	stronger	or	weaker	winds	over	the	mountaintops	or	at	lower	
altitudes	but	such	considerations	are	generally	outside	the	scope	of	this	paper.		

4. Visibility		
4.1. Forecast	visibility		

4.1.1. Area	Forecast	(ARFOR)		
The	Area	20	ARFOR	forecast	40km	visibility	deteriorating	to	4000	meters	in	rain	
showers,	drizzle	and	snow	showers[1].	

So,	as	long	as	an	aircraft	was	clear	of	precipitation	or	cloud,	40km	visibility	
would	be	expected.	Annex	A	contains	the	ARFOR’s.		

4.1.2. Terminal	Area	Forecasts	(TAF)	
Available	TAF’s	of	aerodromes	located	around	the	Barrington	Tops	in	Area	20	
forecast	more	than	10km	visibility	in	the	aerodrome	terminal	areas[1].	Annex	B	
contains	the	TAF’s.		

4.2. Reported	visibility	
Many	pilot	reports	exist	of	excellent	visibility	in	the	wider	area	of	the	Barrington	
ranges	during	the	night	of	the	accident.	Reports	of	visibility	also	exist	from	
people	on	the	ground	in	the	Barrington	Ranges	area.		

4.2.1. VH-ESV	
The	pilot	of	VH-ESV	overflew	the	accident	area	about	15	minutes	before	the	final	
received	radio	call	from	VH-MDX.	Whilst	on	descent	from	9000’AMSL,	the	pilot	
reported	seeing	the	glow	of	Sydney,	the	lights	of	Newcastle,	Cessnock	and	
Maitland	and	also	seeing	the	lights	of	other	towns	in	the	Hunter	Valley[1].		

VH-ESV	would	have	been	located	just	south	of	Nowendoc,	about	30NM	north	of	
the	Barrington	ranges	when	commencing	descent.		

VH-ESV	also	reported	visual	conditions	at	6000’AMSL	approximately	2.5NM	
south-east	of	Craven	(2km	south	of	Big	Ben)	at	1111UTC	during	a	VH-MDX	
search	task[14].		

4.2.2. VH-FCF	
The	pilot	of	VH-FCF,	a	turboprop	commuter	aircraft	operating	from	Sydney	to	
Coffs	Harbour	via	Williamtown	reported	sky	clear	conditions	along	the	coast	and	
at	least	30NM	inland[1].	The	aircraft	was	cruising	at	FL170	and	was	overhead	
Williamtown	about	23	minutes	before	the	final	received	communications	from	
VH-MDX[1].		
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4.2.3. VH-AZC	
The	pilot	of	an	aircraft	minutes	ahead	of	VH-MDX	at	Taree	and	proceeding	to	
overfly	Williamtown	at	8000’AMSL,	VH-AZC,	reported	‘perfectly	clear’	skies	
overhead	Taree	with	‘…many	stars..’	visible[1].		

The	pilot	also	observed	smoke	from	‘bush	fires’	(believed	to	be	controlled	burns)	
on	the	mountains	to	the	west	and	commented	how	there	was	no	cloud	along	the	
coast	and	doubted	there	was	any	cloud	east	of	the	Barrington	Tops[1].		

4.2.4. VH-FCD	
When	north-east	of	Port	Macquarie	the	pilot	of	VH-FCD	reported	VMC	conditions	
south	along	the	coast[14].		

4.3. Moon	
Many	pilots	reported	a	very	dark	night	around	the	time	of	the	accident.	The	pilot	
of	VH-FCF	flying	near	the	Williamtown	area	about	23	minutes	before	the	last	
received	communications	from	VH-MDX	reported	that	there	was	no	moon[1].	

Moonrise	for	Canberra	was	12:05PM	(1405UTC)	on	the	night	of	the	accident[13]	
and	it	is	reasonable	to	assume	that	the	moon	rose	at	a	similar	time	in	the	
Barrington	tops	area.	This	is	well	after	the	time	of	the	accident.		

4.4. Police	Officer	
At	1231UTC	(2231EST)	on	the	night	of	the	accident,	a	police	officer	attending	the	
scene	of	a	suspect	fire	in	the	search	for	VH-MDX	reported	clear	skies[14].	The	
officer	was	approximately	2km	south	of	Big	Ben	(eastern	foothills	of	the	
Barrington	ranges)[14].		

4.5. Discussion:	Visibility	
Away	from	precipitation,	excellent	visibility	was	forecast	in	the	Barrington	Tops	
area.	Many	airborne	and	ground	based	reports	of	clear	skies	with	excellent	
visibility	exist.		

The	ARFOR	visibility	of	40km	was	clearly	apparent	in	the	Barrington	Tops	area.	
The	only	exception	would	be	if	operating	in	the	areas	of	isolated	precipitation	
but	it	is	likely	that	the	aircraft	would	be	in	cloud	in	these	areas	in	any	case.	

There	appears	to	have	been	no	moon	in	the	sky	during	the	accident.		

4.6. Conclusions:	Visibility	
Away	from	the	isolated	precipitation,	visibility	was	excellent	in	Area	20	and	
specifically	in	the	Barrington	Tops	area	during	the	time	of	the	accident.		

It	is	unlikely	the	moon	was	visible	in	the	sky	during	the	time	of	the	accident.			
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5. Turbulence	
5.1. Cause	of	turbulence	

Turbulence	in	the	area	around	the	Barrington	ranges	was	caused	by	strong	
winds	being	disturbed	by	the	significant	terrain	of	the	Great	Dividing	Range	of	
which	the	ranges	associated	with	Mt	Barrington	are	part.		

Section	3.12	discussed	characteristics	of	wind	flow	near	or	over	mountains	such	
as	mountain	waves,	downdrafts	and	rotor	zones.	These	all	result	in	turbulence	
and	as	found	in	section	3	were	all	likely	apparent	during	the	VH-MDX	accident.		

5.2. Forecast	turbulence	

5.2.1. Area	20	ARFOR	
The	Area	20	ARFOR	had	the	following	forecast	for	turbulence[1]:		

- Severe	turbulence	below	12000	feet	over	the	eastern	sections	of	
mountaintops,	and;	

- Moderate	turbulence	in	the	remaining	areas.		

5.2.2. Area	40	ARFOR	
The	Area	40	ARFOR	forecast	the	following	turbulence[1]:	

- Occasional	severe	turbulence	(refer	to	SIGMET)	
- Moderate	elsewhere	in	Area	40	
- Mountain	waves	south	of	latitude	25˚	south	(south	of	Bundaburg).	

5.2.3. Sydney	Flight	Information	Region	(FIR)	
The	Sydney	FIR	was	south	of	a	line	from	Moree,	Armidale,	Point	Lookout,	Coffs	
Harbour	and	north	of	a	line	roughly	from	Albury	to	north	of	Malacoota[18].	So,	the	
Sydney	FIR	included	the	areas	VH-MDX	flew	in	from	Coffs	Harbour	onwards.		

A	SIGMET	(Significant	Meteorology	report)	for	Sydney	FIR	was	passed	to	the	
pilot	of	VH-MDX	when	approaching	Coffs	Harbour[1].	The	SIGMET	indicated[1]:	

- Occasional	severe	turbulence	below	12000’AMSL	
- Mountain	wave	activity.	

This	appears	to	be	Sydney	SIGMET	3	as	shown	in	annex	C.	Sydney	SIGMET	3	
indicated[1]:	

- Commencement	time	0500UTC		
- Review	time	0900UTC	
- Area	of	report	is	the	Sydney	FIR	
- Occasional	severe	turbulence	below	12000’AMSL	over	mountaintops	,	the	

coast,	and	out	to	sea	60NM	from	the	coast.	

The	same	conditions	were	specified	in	the	previous	Sydney	SIGMET	1	valid	at	
0100UTC[1].	Sydney	SIGMET	3	was	a	review	of	Sydney	SIGMET	1	with	the	same	
conditions	being	carried	forward.		
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Sydney	SIGMET	3	was	cancelled	by	Sydney	SIGMET	6	at	0900UTC[1].	This	
suggests	that	severe	turbulence	below	12000’AMSL	over	mountaintops,	coastal	
areas	and	60NM	out	to	sea	was	no	longer	expected	from	0900UTC.	

VH-MDX	made	the	last	received	radio	call	approximately	40	minutes	after	the	
cancellation	of	SIGMET	3.		

5.2.4. Brisbane	Flight	Information	Region	(FIR)	
Brisbane	FIR	was	north	of	a	line	Moree,	Armidale,	Point	Lookout,	Coffs	
Harbour[18].	Accordingly,	the	area	is	well	north	of	the	accident	area.		

A	SIGMET	for	Brisbane	FIR	was	valid	from	0001UTC	and	due	for	review	at	
0400UTC	(SIGMET	1)[1].	The	review	was	therefore	due	about	5	hours	and	40	
minutes	before	VH-MDX’s	final	received	radio	transmission.		

Brisbane	FIR	SIGMET	1	reports	severe	turbulence	and	marked	mountain	
waves[1]:	

- Below	10000’AMSL	
- Over	mountaintops	and	eastward	to	60NM	seawards	
- Within	Brisbane	FIR	south	of	latitude	26˚	South	(approximately	south	of	

Gympie)	
- Intensifying.	

5.3. Pilot	reports	
Many	pilot	reports	of	turbulence	in	the	Barrington	Tops	area	exists	for	the	time	
of	the	accident	and	during	search	operations	during	the	days	following	the	
accident.		

5.3.1. VH-MDX	
Turbulence	was	initially	reported	by	the	pilot	of	VH-MDX	at	0918UTC[1].	By	dead	
reckoning,	VH-MDX	was	likely	just	to	the	north	to	north-east	of	the	Barrington	
ranges.	This	position	is	in	the	lee	of	the	south-westerly	to	westerly	wind	blowing	
over	the	ranges	so,	turbulence	would	be	expected.		

The	pilot	repots	‘considerable	turbulence’	and	‘quite	a	lot	of	downdraft’	at	
0919:32UTC[1].	VH-MDX’s	track	at	this	stage	took	the	aircraft	closer	to	the	lee	of	
the	Barrington	Ranges	so,	increased	turbulence	would	be	expected.	

At	0928:57UTC,	VH-MDX’s	pilot	reports	that	turbulence	wise	it	was	no	better	at	
the	current	altitude[1]	which	appears	to	be	just	under	8500’AMSL.	By	this	stage	
VH-MDX	was	overhead	the	western	sections	of	the	Barrington	Ranges.		

Various	reports	of	or,	insinuations	of	VH-MDX	experiencing	moderate	to	severe	
turbulence	and	downdrafts	occur	until	final	communications[1].	As	VH-MDX	was	
likely	to	be	located	over	the	main	area	of	the	Barrington	ranges	during	the	final	
ten	minutes,	such	turbulence	was	to	be	expected.		
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5.3.2. VH-AZC	
The	pilot	of	VH-AZC	minutes	ahead	of	VH-MDX	reported	that	there	was	no	
turbulence	at	all	south	of	Kempsey	along	a	track	Kempsey-Taree-Williamtown[1].	

5.3.3. VH-CNW	
VH-CNW	was	tracking	towards	Scone	from	Cessnock	and	went	as	far	as	Lake	
Liddell[1]	approximately	30NM	south-west	of	the	Barrington	Tops.	Turbulence	
was	reported	as	slight,	increasing	to	moderate[1].		

Turbulence	disappeared	above	7500’AMSL	where	conditions	were	reported	as	
smooth[1].	VH-CNW	was	between	Singleton	and	Lake	Liddell	(upwind	of	the	
Barrington	Tops)	during	the	final	received	call	from	VH-MDX.		

5.3.4. VH-ESV	
VH-ESV	flew	over	the	accident	area	approximately	15	minutes	prior	to	the	final	
received	radio	call	from	VH-MDX.	The	pilot	reported	that	there	was	some	
turbulence	below	5000’AMSL	‘but	only	moderate’[1].	The	aircraft’s	track	was	
Sandon	East	-	Craven	-	Williamtown.		

5.3.5. VH-PHY	
VH-PHY	was	assigned	search	tasks	during	the	night	of	the	accident	and	at	
1421UTC	(0021EST)	reports	that	the	turbulence	in	the	search	area	was	
‘sufficient	to	cause	a	light	aircraft	significant	problems’[14].		

VH-PHY	was	searching	the	eastern	sections	of	the	Barrington	ranges	near	The	
Mountaineer	and	towards	the	town	of	Wards	River	at	an	altitude	of	
4000’AMSL[14].		

5.3.6. VH-CEC	
VH-CEC	was	a	television	station	helicopter	engaged	in	search	activities	from	the	
morning	after	the	VH-MDX	accident[12].	VH-CEC	positioned	to	Gloucester	airfield	
from	2HD	radio	station	on	the	outskirts	of	Newcastle	on	the	morning	after	the	
accident	so,	was	located	to	the	east	and	downwind	of	the	Barrington	ranges[12].	

During	the	positioning	flight	at	2130UTC	(0730EST),	the	pilot	reported	that	
conditions	were	very	turbulent	at	4000’AMSL	[12].		

5.3.7. VH-TCH	
Helicopter	VH-TCH	reported	during	search	operations	at	1305EST	on	the	
afternoon	following	the	accident	that	the	5000’AMSL	altitude	was	‘workable’	
considering	cloud	base	but	not	when	considering	the	wind	and	turbulence[12].	

5.3.8. Polair	
A	New	South	Wales	Police	Air	Wing	helicopter	(Polair)	was	engaged	in	search	
activities	and	in	being	radar	vectored	to	the	final	radar	observed	position	of	VH-
MDX	from	Williamtown	following	the	accident[19].	This	activity	probably	
occurred	on	the	17th	August	1981.		

This	particular	crew	did	not	participate	in	search	operations	during	the	night	of	
the	accident[19].	
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During	one	task	at	5000’AMSL	just	south	of	the	‘highest	point	of	the	range’,	the	
helicopter	was	reported	to	have	been	‘blown	violently’	from	south-westerly	
winds[19].		

Post	flight	inspection	found	one	of	the	main	rotor	blades	was	delaminated	
leading	to	grounding	of	the	helicopter	until	new	rotor	blades	were	sent	from	
Sydney	and	fitted[19].	

5.4. Discussion:	Turbulence	
Severe	turbulence	was	forecast	over	the	eastern	sections	of	mountaintops	whilst	
aircrew	reported	varying	intensities	of	turbulence	around	the	time	of	the	
accident	and	in	the	days	following.		

Turbulence	would	have	mainly	been	generated	by	strong	winds	being	disturbed	
by	the	significant	terrain	of	The	Great	Dividing	Range	as	shown	in	figure	29.		

	
Figure	29:	Terrain	turbulence	generation.	Strong	winds	flowing	over	significant	terrain	break	
in	the	lees	causing	turbulence.	Mountain	waves	if	apparent	add	to	the	turbulence	generation	with	
downward	flows	and	rotors	zones	(Image:	Australian	Transport	Safety	Bureau	1996).	

The	moderate	to	severe	turbulence	experienced	by	VH-MDX	was	a	result	of	the	
aircraft	being	located	over	or	close	to	the	Barrington	ranges	that	generated	the	
turbulence.		

5.5. Conclusions:	Turbulence	
Turbulence	was	apparent	in	close	proximity	to	or	over	The	Great	Dividing	Range	
but	not	along	the	coast	at	least	south	of	Taree.		

Numerous	aircraft	reported	significant	turbulence	in	the	close	vicinity	of	or	over	
the	Barrington	ranges.		

Turbulence	could	be	expected	in	most	areas	over	the	Barrington	ranges	but	
particularly	in	the	lees.		
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6. Downdrafts		
6.1. Overview	

Knowledge	of	the	likely	strength	and	locations	of	downdrafts	could	assist	in	
determining	VH-MDX	impact	locations	and	provide	understanding	of	what	
situation	the	pilot	of	VH-MDX	was	in.		

Confirming	likely	strength	and	locations	of	downdrafts	may	also	explain	why	
known	average	rates	of	descent	of	VH-MDX	occurred	offering	refined	
understanding	of	likely	flight	parameters.		

Downdrafts	were	reported	by	the	pilot	of	VH-MDX	several	times[1]	when	in	the	
vicinity	of	or	over	the	Barrington	ranges.		

6.2. Requirements	for	downdrafts	
Other	than	thunderstorm	related	downdrafts,	a	strong	wind	coupled	with	change	
in	terrain	elevation	is	required	to	produce	a	downdraft.	Mountain	waves	also	
offer	favorable	conditions	for	the	generation	of	downdrafts[2].	Rotor	zones	
discussed	in	section	3.12.4	also	generate	or	accentuate	downdrafts.	Lee	eddies	
can	also	amplify	downdrafts[16].		

The	requirements	in	the	first	sentence	of	this	sub-section	were	both	satisfied	by	
environmental	conditions	during	the	VH-MDX	accident.	Section	3	showed	that	
strong	westerly	to	south-westerly	winds	were	apparent	during	the	accident	
whilst	the	Barrington	ranges	offered	steep	and	significant	changes	in	terrain	
elevation.		

6.3. Location	of	downdrafts	
Orographically	generated	downdrafts	generally	occur	a	short	distance	from	
mountaintops	on	the	lee	side[23].	Additionally,	overview	of	two	light	aircraft	
accidents	in	the	United	States	involving	impact	with	terrain	following	flight	in	
mountain	wave	conditions	showed	that	both	aircraft	overflew	the	mountaintops	
with	between	4000’	to	5000’	clearance[23].		

These	accidents	show	that	an	aircraft	does	not	necessarily	have	to	be	close	in	
height	to	the	mountaintops	in	order	to	receive	the	full	force	of	the	downdraft.		

6.4. Downdraft	rate	of	descent		
Rates	of	descent	are	contingent	on	the	exact	conditions	and	terrain	present.	In	a	
United	States	document	it	was	stated	that	in	‘moderate	mountain	waves’	rates	of	
descent	in	excess	of	1000fpm	were	apparent[25].	‘Typical’	rates	of	descent	in	
downdrafts	are	1000fpm	to	1500fpm[23]	although	rates	well	in	excess	of	these	
have	also	been	suggested.		

It	was	shown	in	several	downdraft	related	accidents	in	the	United	States	that	
1000’	per	NM[24]	(equating	to	2000fpm	at	120	knots	ground	speed)	vertical	
profiles	were	flown	by	the	accident	aircraft	in	the	lee	of	terrain	to	impact	point.		
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Indeed	rates	of	less	than	1000fpm	may	also	be	apparent.	The	Australian	
Transport	Safety	Bureau	(ATSB)	states	that	mountain	waves	are	classed	as	
‘severe’	when	associated	downdrafts	exceed	600fpm	and/or	severe	turbulence	is	
forecast[26].		

6.5. Predicting	downdrafts	
Downdrafts	were	likely	to	have	occurred	in	the	eastern	to	northern	lees	of	the	
main	range	during	the	VH-MDX	accident	but	may	have	also	occurred	on	the	
upwind	sides	of	the	main	range	in	large	valleys.	

Downdraft	generation	is	contingent	on	the	specific	combination	of	the	wind	
velocity	and	terrain	shape.	Suggesting	that	a	downdraft	will	occur	in	the	
immediate	lee	of	a	steep	ridgeline	because	of	a	strong	wind	is	not	viewed	as	an	
accurate	assumption.		

Wind	speed	may	interact	with	a	sharp	ridgeline	to	form	a	downdraft	well	away	
from	the	immediate	lee	as	a	result	of	inertia.	Reduced	wind	speed	may	actually	
produce	a	downdraft	much	closer	to	the	terrain	feature.	Eddies	in	the	lee	of	
terrain	may	amplify	downdrafts[16].	

Winds	approaching	the	area	of	interest	regarding	downdrafts	are	significantly	
modified	by	terrain	upwind.	Terrain	within	the	Barrington	ranges	is	complex	
and	when	coupled	with	other	ranges	upwind	from	the	Barrington’s,	prediction	of	
downdrafts	becomes	challenging.		

6.6. Discussion:	Downdrafts	
Downdrafts	generally	exist	in	the	lee	of	mountaintops	and	can	exhibit	values	in	
the	order	of	1000fpm	to	2000fpm	although	lower	or	higher	values	are	also	
possible.			

Conditions	during	the	VH-MDX	accident	appear	to	be	conducive	to	downdraft	
generation.		

Determining	likely	downdrafts	with	any	confidence	is	best	left	to	detailed	fluid	
dynamics	computer	modeling	rather	than	guessing	an	outcome	based	on	simple	
overview	of	terrain.		

Further	modeling	will	be	carried	out	of	future	interest	areas.	The	method	and	
conclusions	from	such	analyses	will	be	published	in	separate,	specific	
documents.		

6.7. Conclusions:	Downdrafts	
Downdrafts	were	reported	by	the	pilot	of	VH-MDX	and	were	likely	to	have	been	
located	in	many	areas	in	the	lee	or	even	on	the	windward	side	of	the	main	
Barrington	ranges.		

Computer	modeling	will	be	used	to	determine	likely	downdraft	locations	and	
strength.		
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7. Cloud	
7.1. Overview	

Minimal	cloud	appears	to	have	been	apparent	in	Area	20	during	and	well	before	
the	VH-MDX	accident.	Cloud	seems	to	have	mainly	been	localised	patches	along	
mountaintops	and	approaches	to	the	mountaintops	as	a	result	of	orographic	
uplift.		

7.2. Orographic	cloud	
Orographic	uplift	is	the	forced	vertical	lifting	of	a	horizontal	flowing	air	mass	by	
terrain	of	significant	vertical	size.	Once	forced	upward	by	terrain,	the	air	mass	
cools	adiabatically	raising	its	relative	humidity.	Figure	30	overviews	orographic	
uplift.		

	
Figure	30:	Orographic	cloud	formation.	Orographic	cloud	stays	‘stationary’	on	the	windward	
side	of	and	over	mountaintops.	The	lee	side	is	generally	clear	of	cloud	but	small	roll	type	clouds	
may	be	apparent.	VH-MDX	flew	into	orographic	cloud	over	the	Barrington	ranges	this	being	some	
of	the	only	cloud	in	the	general	area	(Image:	Encyclopedia	Britannica	2010).	

An	adiabatic	process	involves	no	transfer	of	heat	from	the	moving	air	mass	to	the	
surrounding	environment	and	occurs	when	an	air	mass	moves	into	areas	of	
higher	or	lower	pressure[17].		

The	air	mass	cools	through	expansion	when	moving	to	an	area	of	decreased	
pressure	(in	this	case	higher	altitude)	or	heats	when	moving	into	an	area	of	
higher	atmospheric	pressure	(descending).		

If	the	air	becomes	saturated	(>100%	relative	humidity),	cloud	will	form	and	will	
appear	stationary	over	the	approach	to	and,	over	the	mountaintops	even	though	
the	air	is	constantly	flowing	over	the	terrain[17].		
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In	fact	the	cloud	is	constantly	forming	using	‘new’	air	in	the	same	position[17].	
Precipitation	in	the	form	of	rain	or	snow	may	also	occur	in	the	same	areas.	

On	the	lee	of	the	terrain	the	airflow	descends	and	heats	adiabatically	(increased	
atmospheric	pressure).	The	air	is	also	drier	(lower	relative	humidity)	than	on	the	
approach	to	the	terrain	as	it	has	lost	moisture	content	in	the	form	of	cloud	
generation	and/or	precipitation.	Because	of	these	two	characteristics	(heating	
and	drying),	cloud	formation	and	precipitation	is	unlikely	on	the	lee	of	the	
terrain[17].		

Orographic	formation	of	cumulus	cloud	indicates	slightly	unstable	atmospheric	
conditions	whilst	stratus	clouds	reveal	moist,	stable	air[17].		Both	may	exist	as	a	
result	of	orographic	uplift	and	this	was	forecast	for	the	time	of	the	accident[1].	

Section	3.12.3	briefly	discussed	atmospheric	stability	and	showed	that	there	
were	layers	of	unstable	atmosphere	likely	in	an	area	near	the	Barrington	ranges.	
Forced	ascent	of	the	wind	flow	up	the	Barrington	ranges	was	likely	to	generate	
instability	leading	to	development	of	cumulus	cloud	as	shown	in	figure	31.	

															 	
Figure	31:	Cloud	types	and	orographic	lifting.	Cumulus	cloud	is	caused	when	uplift	due	to	
terrain	triggers	convection.	Convection	then	lifts	the	air	mass	to	a	higher	altitude	than	the	terrain	
would	have	lifted	alone	(Image:	Bureau	of	Meteorology	1998[16]).	

As	observed	by	the	author,	orographic	cloud	is	a	common	occurrence	along	the	
Barrington	and	Gloucester	Tops	with	cloud,	rain	and/or	snow	apparent	at	the	
high	elevations	on	the	windward	side	and	on	mountaintops.	In	many	cases	there	
is	no	cloud	surrounding	the	ranges	for	vast	distances	or	at	all	despite	snow	and	
rain	falling	over	the	Barrington	ranges.		
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A	number	of	sources	are	available	to	confirm	cloud	apparent	during	the	VH-MDX	
accident	and	these	will	be	discussed	in	the	following	subsections.		

7.3. Forecast	cloud	

7.3.1. Area	Forecast	(ARFOR)	
AROFR’s	specify	cloud	at	altitudes	Above	Mean	Sea	Level	(AMSL)[20].	The	
following	cloud	was	forecast	for	Area	20[1]:	

- Scattered	(covering	3-4	eighths	of	the	sky)	stratus	at	2000’	AMSL	to	4000’	
AMSL	above	the	western	sections	of	mountaintops,	occasionally	broken	
(covering	5-7	eights	of	the	sky)	with	rain	showers	and	drizzle	

- Broken	cumulus	between	4000’	AMSL	and	7000’	AMSL	above	the	western	
sections	of	mountaintops	with	occasional	tops	to	12000’	AMSL	

- Scattered	cumulus	between	4000’	AMSL	and	6000’	AMSL	along	the	coast.	

ARFOR’s	cover	vast	areas	and	are	a	generalization	of	conditions	for	the	entire	
area	so,	may	not	be	completely	representative	of	likely	conditions	at	a	specific	
point	in	the	area.		

If	the	atmosphere	above	RAAF	Williamtown	as	found	in	section	3.12.3	were	
indicative	of	the	atmosphere	over	the	Barrington	ranges	during	the	accident,	
orographic	uplift	would	likely	have	generated	cumulus	cloud.	

7.3.2. Terminal	Area	Forecasts	(TAF)	
TAF’s	specify	cloud	as	height	Above	Aerodrome	Level	(AAL)[20].	‘Oktas’	is	a	
method	of	specifying	the	amount	of	cloud	in	eights	of	the	sky	covered;	e.g.;	2	
oktas	means	2/8	of	the	sky	is	covered	by	the	stated	cloud.		

‘CAVOK’	is	a	term	used	to	describe	conditions	that	‘Ceiling	and	visibility	are	ok’,	
specifically	(1985	definition)[20]:	

- No	clouds	below	5000’AAL	or	the	highest	minimum	sector	altitude	
(whichever	is	higher)	

- No	cumulonimbus	
- Visibility	at	least	10km	
- No	precipitation,	thunderstorms,	shallow	fog	or	low	drifting	snow	or	dust	

devils.		

The	following	selected	TAF’s	for	aerodromes	near	the	Barrington	ranges	
indicated	CAVOK	conditions	during	the	time	of	accident[1]:	

- West	Maitland	
- Kempsey	
- Port	Macquarie	

TAFs	for	the	following	aerodromes	in	the	general	area	of	the	Barrington	ranges	
forecast	cloud[1]:	

- Coffs	Harbour:	3	oktas	of	Cumulus	at	4000’AAL	
- Armidale:	2	oktas	of	Stratus	at	1200’AAL,	5	oktas	of	Cumulus	at	2000’AAL,	

5	oktas	of	Stratus	at	1000’AAL	
- Tamworth:	2	oktas	of	Stratus	at	1500’AAL,	5	oktas	of	Cumulus	at	

2000’AAL,	5	oktas	of	Stratus	at	1000’AAL.		
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7.3.3. Specific	forecasts	for	VH-MDX	search	operation	
As	stated	in	section	3.11,	specific	forecasts	were	requested	from	the	Bureau	of	
Meteorology	to	support	the	VH-MDX	search	operation.		

Forecast	cloud	for	the	morning	after	the	accident	was	2	oktas[14].			

Forecasts	for	the	11th	and	12th	August	1981	indicated	‘ceiling	unlimited’	alluding	
to	nil	cloud	in	the	search	area[27].		

Cloud	was	forecast	for	the	search	area	on	the	13th	August	1981	although	only	as	
a	general	comment[27].		

7.4. Pilot	reports	

7.4.1. VH-AZC	
Clear	conditions	were	reported	along	the	coastal	route	by	the	pilot	of	VH-AZC.	
with	the	pilot	also	stating	‘Many	stars’	were	sighted	along	with	smoke	from	
significant	controlled	burning	activity	from	the	day	before[1].		

The	pilot	of	VH-AZC	doubted	there	was	any	cloud	east	of	the	Barrington	Tops	but	
stated	there	may	have	been	some	cloud	around	Mount	Sandon[1].	VH-AZC	was	
approximately	10	minutes	ahead	of	VH-MDX	and	also	tracking	southbound	along	
the	same	route	until	Taree[1].	

Figure	32	below	presents	an	extract	of	the	pilot’s	comments.		

		 	

	 	
Figure	32:	VH-AZC	pilot	report.	Clear	skies	were	reported	(Images:	National	Archives	of	
Australia	(Department	of	Transport)	1981[1]).	

7.4.2. VH-ESV	
Around	the	Craven	position	at	0924UTC	(determined	by	dead	reckoning	using	
time	intervals),	when	queried	by	FIS-5	if	there	was	any	cloud	‘in	that	area’	the	
pilot	of	VH-ESV	reported	that	‘there’s	no	cloud	at	all	above	8000	feet’[1].		
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In	a	post	accident	statement	the	pilot	of	VH-ESV	reported	that	on	his	descent	to	
Williamtown	the	glow	of	Sydney’s	lights	and	the	towns	of	Newcastle,	Maitland,	
Cessnock	and	other	towns	in	the	Hunter	Valley	could	be	seen[1].	The	descent	
would	have	commenced	north	of	Craven	waypoint	near	the	town	of	Nowendoc	
from	9000’AMSL.		

A	small	amount	of	ground	fog	was	observed	forming	at	012˚M/38NM	
Williamtown	(about	3.5NM	south-east	of	Craven	waypoint)	on	the	higher	terrain	
but	none	to	the	south	or	east[1].		

VH-ESV	was	tasked	to	assist	in	the	search	for	VH-MDX	after	refueling	at	
Williamtown[1].	At	1111UTC,	VH-ESV	was	in	a	position	approximately	2.5NM	
south-east	of	Craven	waypoint	(2km	south	of	Big	Ben)	investigating	a	fire	and	
reported	Visual	Meteorological	Conditions	(VMC)	at	6000’AMSL[14].		

7.4.3. VH-TVG	
Post	accident,	the	pilot	in	command	of	VH-TVG	reported	to	ASIB	that	there	was	
no	cloud	on	track	from	Cessnock	–	Singleton	–	West	Maitland	–	Aeropelican	–	The	
Entrance[1].		VH-TVG	was	flying	along	this	route	at	the	time	of	the	VH-MDX	
accident[1].		

7.4.4. VH-CNW	
The	pilot	in	command	of	VH-CNW	operating	to	NVFR	elected	to	divert	from	the	
planned	track	of	Cessnock	–	Scone	when	abeam	Lake	Liddell	and	proceeded	
direct	to	Singleton	NDB	due	to	‘a	wall	of	cloud’	lying	on	a	line	‘Nelson	Bay	to	
Scone’	reported	to	be	Stratocumulus	base	3500’	and	tops	7500’	commencing	
west	of	Scone[1].		

VH-CNW	was	at	6500’AMSL	at	the	time[7]	and	just	after	0938:00UTC	reported	a	
descent	to	5500’AMSL	due	to	cloud[1].	Accordingly	VH-CNW	was	in	the	area	
south	to	south-west	of	the	Barrington	ranges	during	the	final	minutes	of	VH-
MDX’s	flight.		

As	the	extracts	in	the	next	to	figures	will	show,	ASIB	discounted	the	suggestion	of	
a	‘continuous	wall	of	cloud’	based	on	the	geometry	of	the	pilot’s	view	that	would	
have	coalesced	the	cloud	mass	along	the	Barrington	Tops	with	the	thunderstorm	
off	Port	Stephens	to	result	in	the	perceived	continuous	wall[1].		

Nevertheless,	cloud	was	no	doubt	in	the	area	south	to	south-west		of	the	
Barrington	ranges	as	described	with	the	exception	of	the	continuous	wall	
suggestion.		

	
Figure	33:	ASIB	overview	of	the	VH-CNW	pilot	statement	(Image:	National	Archives	of	
Australia	(Department	of	Transport)	1981[1]).	
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Figure	34:	BASI	comments	regarding	VH-CNW	pilot’s	cloud	report	(Image:	National	Archives	
of	Australia	(Department	of	Transport)	1981[1]).	

7.4.5. VH-FCF	
VH-FCF	was	a	Fokker	27	commuter	aircraft	that	reported	overhead	Williamtown	
at	0917UTC	(approximately	22	minutes	prior	to	VH-MDX’s	final	received	
transmission)	at	FL170	and	was	tracking	to	Coffs	Harbour	via	Taree[1].	The	
Captain	made	a	post	accident	statement	indicating	clear	skies	along	the	coast	and	
at	least	30NM	inland[1].	An	extract	of	the	relevant	component	of	the	statement	is	
shown	in	figure	35.	

	
Figure	35:	VH-FCF	pilot	report	(Image:	National	Archives	of	Australia	(Department	of	
Transport)	1981[1]).	

7.4.6. VH-FCD	
VH-FCD	was	tasked	to	search	for	signs	of	VH-MDX	on	the	night	of	the	accident[14].	
At	a	position	north-east	of	Port	Macquarie	maneuvering	to	track	to	Williamtown,	
the	pilot	of	VH-FCD	reported	Visual	Meteorological	Conditions	(VMC)	along	the	
coast[14].		

When	operating	at	approximately	40NM	north	of	Singleton	NDB	(Moonan	Brook	
area)	at	1029UTC,	the	crew	report	that	the	cloud	tops	were	7500’AMSL	with	a	
base	at	ground	level[14].	This	area	is	located	on	the	western	side	of	the	Barrington	
Tops	area	in	the	Royal	Range	area.		

7.4.7. QF26	
QF26	was	tasked	to	search	for	signs	of	VH-MDX	on	the	night	of	the	accident[14].	
At	1016UTC	when	positioned	120NM	from	Sydney	at	8000’AMSL	the	crew	
reported	they	were	VMC	but	alongside	a	cloud	bank[14].		
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The	120NM	arc	from	Sydney	includes	the	Polblue	camping	area	and	Moonan	
Brook.	The	exact	location	of	QF26	is	not	known	but	given	the	likely	search	
tasking	(40NM	north	of	Singleton	NDB)	it	is	likely	the	aircraft	was	west	of	the	
main	ranges	and	observing	the	cloudbank	to	the	east	along	the	Royal	Range.		

7.4.8. VH-CUD	
VH-CUD	was	operating	VFR	the	morning	after	the	VH-MDX	accident[12].	The	pilot	
of	VH-CUD	reported	the	weather	as	fine	with	no	cloud	in	the	area	5NM	south	of	
Craven	waypoint[12].	This	information	was	passed	on	to	the	RCC	from	Sydney	FS	
at	2111UTC	(0711EST)	on	the	morning	after	the	accident[12].		

7.4.9. VH-CEC	
VH-CEC	was	a	television	station	helicopter	engaged	in	search	activities	from	the	
morning	after	the	VH-MDX	accident[12].	VH-CEC	positioned	to	Gloucester	airfield	
from	2HD	radio	station	at	Newcastle[12].	During	the	positioning	flight	at	
2130UTC,	the	pilot	reported	that	there	was	cloud	to	the	west	over	the	Barrington	
Tops	down	to	ground	level[12].		

7.4.10. VH-SVF	
VH-SVF	was	established	in	the	search	area	at	2147UTC	(0747EST)	on	the	
morning	after	the	accident[12].	Cloud	was	reported	to	be	6500’ASML	down	to	
ground	level.	The	exact	location	of	VH-SVF	during	this	report	is	unknown[12].		

7.5. Ground	based	observations		

7.5.1. NSW	Forestry	Officer	
The	following	observations	were	made	by	a	NSW	Forestry	Officer	who	had	
stayed	overnight	in	the	Barrington	Tops	on	the	night	prior	to	the	accident	
(specific	location	unknown)	and	of	an	ASIB	Inspector	observing	conditions	with	
this	person	the	morning	following	the	accident	at	Mt	Berrico[1].			

On	the	night	before	the	accident	heavy	snow	fell	with	strong	winds[1].	Only	
localised	cloud	was	evident	both	on	the	night	before	and	the	morning	after	the	
accident[1].		

Cloud	lifted	a	little	from	ground	level	during	the	morning	of	the	accident	to	allow	
clear	views	of	the	coast	to	the	east	and	to	the	south-east[1].		

On	the	morning	after	the	accident,	‘immense	humped	cloud’	was	observed	over	
the	Barrington	Tops	along	with	‘vast	lenticular	cloud’	with	tops	estimated	around	
7500’AMSL	to	8000’AMSL[1].	Cloud	stopped	abruptly	on	the	escarpment	with	no	
cloud	whatsoever	to	the	east,	north-east	or	south-east	of	the	escarpment[1].	

As	described	in	section	3.12.3,	lenticular	clouds	indicate	the	presence	of	
mountain	waves	and	appear	to	maintain	a	stationary	position	despite	the	fact	
that	air	is	flowing	through	the	cloud	continually	(i.e.	the	cloud	is	continually	re-
generating)[17].		
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Figure	36:	Ground	witness	reports	of	cloud	and	conditions	(Image:	National	Archives	of	
Australia	(Department	of	Transport)	1981[1]).	

7.5.2. Police	officers		
At	1231UTC	(2231EST)	on	the	night	of	the	accident,	police	attending	a	fire	of	
interest	2km	south	of	Big	Ben	(eastern	foothills)	reported	a	clear	night	was	
apparent[14].		

7.5.3. Williamtown	ATCO	
A	Sydney	ATCO	or	FSO	requested	the	Williamtown	ATCO	for	the	weather	
conditions	at	Williamtown	at	0936:30UTC.	The	response	was:	‘My	weather,	we’re	
CAVOK-fairly	strong	winds,	westerly	at	20k’.			

It	can	be	seen	Williamtown	had	no	specific	reports	of	cloud	during	the	time	of	the	
accident.	Remembering	from	section	7.3.2	that	CAVOK	does	not	infer	that	there	
is	no	cloud	but	rather	that	there	is	no	cloud	below	5000’AAL	(Above	Aerodrome	
Level)	or	below	the	highest	minimum	safe	/sector	altitude	whichever	higher.		

Either	way	in	the	Williamtown	case	this	suggests	no	cloud	below	around	
5000’AMSL	to	over	6000’AMSL.		

7.6. 	Search	and	Rescue	Situation	Reports	(SITREP)	
SITREP	number	2	during	day	one	of	the	search	effort	(10th	August	1981)	
indicated	‘low	cloud’	hampered	aerial	search	efforts[21].		

SITREP	number	3	on	12th	August	1981	reported	that	search	activities	in	the	high	
terrain	for	the	previous	day	were	hindered	by	‘scattered	and	broken	cloud	in	late	
afternoon’[21].	
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7.7. Discussion:	Cloud	
Both	pilot	reports	and	weather	forecasts	suggest	AREA	20	was	substantially	
clear	of	cloud	except	for	localised	cloud	along	mountaintops.	The	localised	clouds	
were	the	result	of	orographic	uplifting.		

Around	the	time	of	the	VH-MDX	accident,	coastal	areas	abeam	the	Barrington	
ranges	were	reported	to	have	clear	skies	whilst	the	western	areas	of	the	
Barrington	ranges	near	Moonan	Brook	had	significant	cloud	amassed	to	tops	of	
around	7500’AMSL	to	8000’AMSL.	

On	the	day	following	the	accident,	an	ASIB	Officer	observed	immense	humped	
cloud	with	tops	to	between	7500’AMSL	and	8000’AMSL	on	the	western	sections	
of	the	Barrington	Ranges.	Vast	lenticular	cloud	was	also	observed	suggesting	
mountain	wave	activity.		

Atmospheric	stability	in	the	greater	Barrington	Tops	area	suggest	cumulus	cloud	
was	likely	generated	by	orographic	uplift.	The	large	humped	cloud	supports	this	
suggestion.	

The	isolated	cloud	clearly	appears	to	have	been	located	along	the	mountaintops	
and	windward	slopes	of	the	main	Barrington	ranges.		

7.8. Conclusions:	Cloud	
Cloud	was	isolated	and	limited	to	mountaintops	and	windward	terrain.	

Some	cloud	was	also	possibly	located	on	the	lee	side	of	mountains.	

The	Barrington	ranges	likely	had	cumulus/	strato-cumulus	and	lenticular	clouds	
apparent	during	the	VH-MDX	accident	with	tops	around	7500’AMSL	to	
8000’AMSL.		

8. Precipitation	
8.1. Overview	

Section	7	showed	that	cloud	was	highly	localised	and	located	on	the	windward	
side	and	along	mountaintops	during	the	time	of	the	VH-MDX	accident.	
Precipitation	is	associated	with	cloud.	This	results	in	precipitation	also	being	
generally	limited	to	the	windward	side	and	mountaintops	in	the	area	of	the	
Barrington	ranges.	

8.2. Forecast	precipitation	
Scattered	rain	showers	and	drizzle	were	forecast	to	be	associated	with	cloud	
along	mountaintops	mainly	in	the	southern	areas	of	Area	20[1].	The	Barrington	
ranges	are	located	in	the	southern	area	of	Area	20.		

Isolated	snow	showers	over	mountaintops	mainly	in	the	south-west	of	Area	20	
was	also	forecast[1].		

TAFs	for	aerodromes	surrounding	the	greater	Barrington	Tops	area	had	no	
precipitation	forecast	with	the	exception	of	Tamworth	Aerodrome	that	had	80%	
chance	of	rain	showers	forecast[1].		
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8.3. Pilot	reports	
In	general,	snow	hampered	search	efforts	the	day	after	the	accident.		

8.3.1. VH-BNR	
On	the	afternoon	after	the	accident,	the	pilot	of	Cessna	310	VH-BNR	stated	that	
the	Mt	Royal	area	had	snow	covering	the	top	approximate	100’	of	the	
mountaintop[12].	The	search	in	this	area	was	abandoned	due	to	snow	and	low	
cloud[12].		

The	Mt	Royal	area	forms	the	initial	terrain	barriers	to	the	oncoming	winds	and	is	
located	south-west	of	the	Barrington	Tops.		

8.3.2. VH-TCH	
On	the	day	after	the	accident,	the	pilot	of	helicopter	VH-TCH	reported	that	the	
snow	line	was	located	at	5000’AMSL	however	the	exact	area	of	the	observation	
cannot	be	confirmed[14].	

8.3.3. VH-CEC	
Helicopter	VH-CEC	reports	snow	falling	with	possible	snow	on	the	ground	at	
high	elevations	in	the	Mount	Royal	area	during	search	operations	on	the	
morning	after	the	accident[12].		

8.3.4. VH-UTS	
Two	days	after	the	accident,	the	pilot	of	VH-UTS	was	searching	the	Gloucester	
Tops	area	and	reported	snow	over	the	Gloucester	Tops[12].	The	pilot	also	
commented	that	attempting	to	spot	a	cream	coloured	aircraft	amongst	a	snow	
background	would	be	difficult[12].	

8.3.5. Channel	9	helicopter	
A	Channel	9	helicopter	crewmember	reported	snow	on	the	ground	in	the	search	
area	after	landing	at	Gloucester	Airfield	at	1210EST	on	the	morning	after	the	
accident[12].	The	exact	location	of	the	snow	cannot	be	determined.		

8.3.6. Search	and	Rescue	Situation	Report	(SITREP)	
SITREP	No.4	issued	at	1322	EST	on	13	August	1981	states	that	there	was	‘Some	
snow	and	ice	in	trees	at	approx	5000ft’[21].	This	statement	would	have	been	based	
on	reports	from	search	aircrew	and	possibly	ground	parties.		

8.4. Ground	reports	

8.4.1. Tomalla	Station	
A	person	at	Tomalla	Station	located	along	the	Mount	Royal	Range	north	of	
Polblue	reported	to	the	RCC	at	1050EST	on	the	morning	after	the	accident	that	
the	area	had	occasional	snowdrifts	with	½”-1”	of	snow	on	the	ground[12].		

Tomalla	Station	is	located	in	3500’AMSL	to	4000’AMSL	elevation	terrain	
adjacent	to	the	Mount	Royal	Range.	The	Mount	Royal	Range	forms	the	main	
barrier	to	westerly	to	south-westerly	winds	in	the	immediate	area	so,	orographic	
cloud	and	snow	would	be	expected	in	this	area.		
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8.4.2. Forestry	Officer	
As	section	7.5.1	described,	a	Forestry	Officer	spent	the	night	on	the	Barrington	
Tops	the	night	prior	to	the	accident[1].		The	officer	reported	that	heavy	snow	fell	
with	strong	winds[1].	The	exact	overnighting	location	is	unknown.		

8.5. Discussion:	Precipitation	
Reports	of	snow	seem	to	be	limited	to	the	upper	elevations	of	the	Barrington	
ranges,	approximately	between	the	4000’AMSL	to	5000’AMSL	elevations.		The	
areas	included	the	southern	and	northern	sections	of	the	Mount	Royal	Range	and	
both	the	Barrington	and	Gloucester	Tops.			

The	snow	is	clearly	associated	with	the	orographic	cloud	generated	by	the	steep	
and	high	elevation	ranges.		

8.6. Conclusions:	Precipitation	
Snow	had	clearly	fallen	along	the	high	elevation	areas	of	terrain	in	the	area	of	the	
Barrington	ranges	between	around	4000’AMSL	and	5000’AMSL.	

No	evidence	of	rain	has	been	found.		

Snow	clearly	was	associated	with	orographic	cloud	and	was	limited	to	the	
localised	areas	where	such	cloud	formed.		

9. Icing	
9.1. Icing	level	

The	icing	level	was	forecast	as	being	at	4000’	and	7000’AMSL	with	moderate	
icing	forecast	for	flight	in	cloud	above	the	freezing	level[1].		

Moderate	icing	is	defined	by	the	following	statement:		

‘The	rate	of	accumulation	is	such	that	even	short	encounters	become	potentially	
hazardous	and	the	use	of	de-icing/anti-icing	equipment	or	diversion	is	
necessary’[11].		

9.2. Pilot	reports	
A	number	of	aircraft	reported	icing	accumulation	during	the	search	for	VH-MDX	
during	the	night	of	the	accident	and	for	days	following[12].	Search	aircraft	had	to	
cancel	search	missions	as	a	result	of	ice	accumulation[12].		

9.2.1. VH-MDX	
The	pilot	of	VH-MDX	reported	having	accumulated	ice	on	two	occasions:		

- ‘We’ve	picked	up	a	fair	amount	of	ice’[1]	at	0934:20UTC	and	
- ‘…and	we’re	picking	up	icing’	at	0937:32UTC[1].		

This	suggests	flight	in	cloud	or	in	precipitation	beneath	cloud	around	or	before	
these	times.	

9.2.2. VH-SVF	
VH-SVF	was	engaged	in	search	activities	on	the	morning	after	the	VH-MDX	
accident[12].	The	pilot	reported	picking	up	icing	at	2147UTC	(0747EST)[12].	



©	Glenn	Strkalj	2014-2015	
	

	
©	Glenn	Strkalj	2014-2015	

	

61	

9.2.3. VH-TGO	
At	2220EST	on	the	night	after	the	VH-MDX	accident,	VH-TGO	was	unable	to	track	
from	Singleton	NDB	to	Mount	Sandon	NDB/VOR	due	to	icing[12].		

9.3. Icing	requirements:	Cloud	
To	accumulate	aircraft	icing	requires	flight	through	precipitation	or	cloud	at	the	
correct	ambient	temperature	range.		

As	described	in	section	7.7,	cloud	was	isolated	and	limited	to	mountaintops	and	
windward	terrain	in	the	area	of	the	Barrington	ranges.	Section	7	showed	that	
cloud	type	was	probably	cumulus	and	lenticular	and	existed	up	to	around	
7500’AMSL	to	8000’AMSL.	

Search	aircraft	reported	cloud	cover	over	the	Barrington	ranges	post	accident[12]	
as	described	in	section	7.	

The	pilot	of	VH-MDX	reports	entering	cloud	in	the	Barrington	area[1]	and	also	
suggests	flight	in	and	out	of	cloud	during	the	final	15	minutes	of	recorded	
communications.	

Accordingly,	cloud	existed	along	the	flight	path	of	VH-MDX	when	flying	over	or	in	
vicinity	of	the	Barrington	ranges.		

9.4. Temperature	
The	highest	risk	of	icing	occurs	when	flying	in	cloud	between	the	0˚	and	-15˚	
isotherms[11].	Section	2.3	showed	how	the	freezing	level	(0˚	isotherm)	was	
between	approximately	6000’AMSL	and	7000’AMSL.		

From	this,	temperatures	of	around	-2˚C	to	-4˚C	would	be	expected	at	8000’AMSL	
and	around	-3˚C	to	-5˚C	at	8500’AMSL.		

Temperatures	would	unlikely	then	be	lower	than	-10˚C	at	10000’AMSL	in	the	
area	of	the	Barrington	Ranges.		

The	pilot	of	VH-MDX	reports	altitudes	between	5000’AMSL	and	8000’AMSL	
during	flight	over	or	in	close	proximity	to	the	Barrington	ranges.	A	maximum	
altitude	of	8500’AMSL	appears	to	have	been	achieved	or	almost	achieved	by	VH-
MDX	.	

9.5. Discussion:	Icing	
Large	cumulus	and	cumulonimbus	clouds	produce	the	most	severe	icing	as	a	
result	of	containing	abundant	amounts	of	large	sized	water	droplets[16].	The	
altitude	just	above	the	freezing	level	is	the	most	dangerous	as	this	is	where	the	
largest	super-cooled	water	droplets	exist[11].		

Orographic	lifting	as	was	apparent	over	the	Barrington	ranges	during	the	VH-
MDX	accident	was	likely	to	increase	both	the	liquid	concentration	within	a	cloud	
and	cloud	depth	leading	to	rapid	ice	accumulation	in	such	areas[16].	

VH-MDX	flew	through	cloud	in	the	area	of	the	Barrington	ranges	and	the	cloud	
type	was	shown	in	sections	7	and	9.3	as	likely	to	be	cumulus.	
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Section	9.4	revealed	that	the	temperature	range	VH-MDX	flew	in	was	between	
around	0˚C	and	+5˚C	which	is	around	the	ideal	temperature	range	for	ice	
accumulation	particularly	the	more	dangerous	clear	ice[16].	

Clear	ice	forms	as	a	result	of	large	super-cooled	water	droplets	freezing	relatively	
slowly	as	they	translate	back	along	an	aircraft	surface.	This	does	not	mean	that	
ice	accumulates	slowly:	quite	the	contrary.	The	result	is	ice	accumulation	that	
covers	large	areas	and	sticks	strongly	to	the	aircraft	structure	so,	is	difficult	to	
shed[16].		

Considering	VH-MDX:	
- Entered	cloud	at	8000’AMSL	
- Likely	did	not	exceed	8500’AMSL	
- Likely	was	at	not	below	7500’AMSL	from	the	initial	Sydney	radar	fix	to	

0937:40UTC	
- Experienced	the	ambient	temperatures	found	in	section	9.4:	

VH-MDX	clearly	flew	into	and	stayed	within,	the	highest	risk	weather	conditions	
for	icing.		

There	was	high	risk	of	icing	between	6000’AMSL	and	10000’AMSL	in	cloud	
during	the	time	of	the	accident	in	the	Barrington	ranges	area.	

9.6. Conclusions:	Icing	
High	risk	icing	conditions	existed	in	cloud	around	the	Barrington	ranges	at	
altitudes	below	10000’AMSL.		

VH-MDX	flew	into	weather	conditions	of	the	highest	risk	for	icing	accumulation	
from	the	point	of	initially	entering	cloud	onwards.		

	

10. Altimeter	errors	

10.1. Overview	
Aircraft	pressure	altimeters	are	calibrated	to	work	accurately	only	in	ISA	
conditions.	In	practice,	atmospheric	temperature	and	pressure	regularly	varies	
from	ISA	conditions.	Any	deviations	in	ambient	pressure	or	temperature	away	
from	ISA	results	in	under	or	over	reading	pressure	altimeters.		

This	means	that	the	altitude	indicated	on	the	altimeter	is	either	higher	or	lower	
than	the	aircraft’s	true	altitude	Above	Mean	Sea	Level	(AMSL)	if	conditions	are	
not	equal	to	ISA	values.	
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10.2. Pressure	variations	
Variation	of	ambient	atmospheric	pressure	from	ISA	values	results	in	barometric	
error	in	altimeters.	The	pilot	has	a	means	to	almost	eliminate	this	error.		

10.2.1. Pressure	compensation	
Modern	aircraft	pressure	altimeters	have	an	input	that	the	pilot	uses	to	correct	
for	changes	in	actual	Mean	Sea	Level	(MSL)	pressure	away	from	ISA	(1013mb).		

This	input	is	in	the	form	of	a	barometric	subscale	through	which	the	pilot	
regularly	updates	the	value	of	to	reflect	the	current	or	forecast	MSL	pressure	in	
the	area	or	terminal	airspace	the	pilot	is	operating	within.	The	barometric	
subscale	is	shown	below	in	figure	37.	

																																			
	

	

	

	

	

	

	

	

	

	

	

	

Figure	37:	Aircraft	altimeter	barometric	subscale.	The	pilot	turns	the	barometric	subscale	to	
the	value	of	the	local	MSL	pressure	as	specified	by	ATS	agencies,	pre-flight	briefing,	automatic	
weather	stations,	weather	forecasts	or	weather	reports.	If	the	MSL	pressure	for	the	area	is	set	
(QNH)	then	the	altimeter	will	have	been	corrected	for	variation	of	pressure	from	ISA	conditions	
(Image:	Glenn	Strkalj	2015).	

The	barometric	subscale	setting	sets	the	pressure	level	that	the	altimeter	starts	
measuring	from.	Figure	38	on	the	next	page	shows	how	an	aircraft	can	maintain	
the	same	true	altitude	but	how	the	indicated	altitude	varies	dependent	upon	the	
pressure	level	datum	set	in	the	barometric	subscale.		The	altimeter	measures	
height	from	the	pressure	level	set	in	the	subscale.		

Subscale	adjustment	
knob	

Subscale		
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Figure	38:	Altimeter	subscale	setting.	The	altimeter	measures	height	from	the	pressure	datum	
set	in	the	subscale.	If	height	above	MSL	is	required,	the	subscale	setting	needs	to	reflect	the	MSL	
pressure	presently	existing.	If	height	above	the	airfield	is	desired	then	the	current	atmospheric	
pressure	on	the	airfield	is	set	in	the	subscale	(QFE).	The	normal	subscale	setting	for	aircraft	
below	10000”AMSL	in	Australia	is	QNH.	The	subscale	setting	when	set	to	local	or	area	QNH	
corrects	for	barometric	error,	the	error	due	to	pressure	deviations	from	standard	ISA	conditions	
(Image:	Aviation	Theory	Centre	1996).		

Pilots	obtain	the	actual	sea	level	atmospheric	pressure	value	for	the	area	or	
terminal	airspace	they	are	operating	within	from	ATS	agencies,	pre-flight	
briefing,	automatic	weather	stations,	weather	forecasts	and	weather	reports.	
This	MSL	pressure	value	is	known	as	QNH	and	was	given	as	a	value	(in	Australia)	
in	Millibars	(mb)	during	1981[20].	Note	1mb	=	1	Hectopascal	(hPa)	and	hPa	is	the	
unit	currently	used.		

As	VH-MDX	was	cruising	between	airports,	the	pilot	would	have	entered	the	
QNH	value	for	the	general	area	the	aircraft	was	operating	within.	This	is	known	
as	area	QNH.		

The	last	transcribed	area	QNH	given	to	VH-MDX	by	ATS	was	1006mb	from	Coffs	
Flight	Service	1	(FS-1)	when	the	aircraft	was	well	up	the	NSW	north	coast	near	a	
waypoint	called	‘The	Lake’	(near	the	coastal	town	of	Yamba)	at	0740UTC[1].		

At	just	prior	to	0913UTC,	Williamtown	reported	to	FIS-5	a	QNH	of	1007mb	
whilst	Sydney	FIS-5	reported	1006mb,	assumingly	for	the	FIS-5	area	of	
responsibility	that	included	the	general	area	of	the	Barrington	ranges[1].		

From	this,	it	can	be	seen	that	VH-MDX	had	a	QNH	value	within	1mb	(30’)	of	the	
close-by	Williamtown	airport	approximately	30	minutes	before	the	final	
received	transmission.		
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Pressure	change	rate	in	the	lower	atmosphere	approximately	equates	to	30’	per	
1mb.	Detailed	wind	modeling	as	discussed	in	section	3.9	can	predict	local	
pressure	variations	in	the	Barrington	ranges.	

Area	QNH	in	1981	(September)	was	valid	for	3	hours[20]	and	was	a	forecast	value	
for	a	defined	Area	QNH	Zone	(AQZ)[20].	Forecast	area	QNH	values	were	required	
to	meet	the	following	accuracies:	

- +/-5mb	of	the	actual	QNH	at	any	low	level	point	(below	1000’	AMSL)	
within	or	on	the	boundary	of	the	appropriate	area	during	the	validity	of	
the	forecast[20]	

- An	area	QNH	must	not	differ	from	an	adjoining	area	QNH	by	more	than	
5mb[20].		

Accordingly,	within	an	AQZ	the	area	QNH	may	result	in	up	to	5mb	x	30’=	150’	of	
altimeter	barometric	error.	Similarly,	an	error	of	up	to	150’	may	be	apparent	
between	adjoining	AQZ’s.	So,	with	the	correct	area	QNH	set	a	maximum	
barometric	error	of	150’	is	possible.	

In	VH-MDX’s	case,	given	the	area	QNH	set	was	1mb	lower	than	the	QNH	value	
from	the	close	by	Williamtown	Airport	issued	at	a	time	around	30	minutes	prior	
to	the	final	received	transmission	from	VH-MDX,	the	QNH	value	that	VH-MDX	
would	likely	have	set	on	its	altimeter(s)	can	be	classed	as	‘accurate’	for	an	area	
QNH	value.		

30’	of	altimeter	under-read	would	be	expected	due	to	barometric	error	alone.		

But,	local	pressure	variations	over	and	around	the	Barrington	ranges	also	likely	
introduced	error.		

10.2.2. Local	pressure	variations	
Wind	flow	over	mountain	ranges	such	as	the	Barrington	ranges	can	result	in	
local	atmospheric	pressure	variations	as	a	result	of	air	mass	interaction	with	
terrain.	Figure	39	below	presents	a	generalised	representation	of	such	
variations.		

Figure	39:	Pressure	variations	around	mountains.	In	many	cases	the	air	mass	is	compressed	
on	the	windward	side	of	the	range	resulting	in	increased	local	pressure.	On	the	lee,	the	air	mass	
diffuses,	normally	resulting	in	lower	local	atmospheric	pressures.	Notwithstanding	these	
generalised	outcomes,	mountain	wind	flow	is	complex	and	the	inclusion	of	eddies,	sub	flows	
along	terrain	features	of	a	different	direction	to	the	main	range	and	the	like	can	lead	to	different	
outcomes.		

Compression		=	increased	
local	pressure	

Expansion	=	decreased	
local	pressure	
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Generally	speaking,	increased	local	atmospheric	pressure	would	exist	in	the	
approaches	to	such	terrain	and	a	decrease	in	local	atmospheric	pressure	in	the	
lees.	This	is	the	result	of	air	compressing	as	it	meets	the	high	terrain	and	
expanding	after	passing	the	high	points.	As	aircraft	pressure	altimeters	sense	
local	atmospheric	pressure,	it	can	be	seen	altitude	indication	errors	can	result.		

The	reduction	in	pressure	in	the	lee	of	a	mountain	range	is	termed	a	‘lee	
trough’[16].	Changes	of	2-3mb	due	to	‘local	effects’	resulting	in	up	to	100’	
indicated	altitude	change	are	suggested	possible	by	the	Australian	Bureau	of	
Meteorology[16].	The	stronger	the	wind	flows	over	a	mountain	range	the	more	
pronounced	the	pressure	drop	would	be	on	the	lee	of	a	mountain	range[16].		

Results	from	fluid	dynamics	computer	simulation	of	airflows	over	the	Upper	
Williams	River	Valley	suggest	that	small	local	pressure	reductions	in	the	order	of	
1mb	were	likely	in	the	lee	sections	during	the	VH-MDX	accident[9].	This	
corroborates	with	the	Bureau	of	Meteorology	suggestion.		

10.2.3. Example		
If	a	pilot	maneuvered	an	aircraft	to	maintain	a	constant	pressure	altimeter	
altitude	across	a	mountain	range	with	local	pressure	variations	as	described	in	
the	previous	section,	the	aircraft’s	true	altitude	could	actually	increase	
approaching	the	range	then	decrease	when	located	on	the	lee	of	the	range.		

	

	

	

	

	

	

	

	

	

Figure	40:	Overflying	local	pressure	variations.	In	this	case	the	pilot	has	held	a	constant	5000’	
indicated	altitude	with	reference	to	the	altimeter.		Because	of	the	local	pressure	variations,	the	
aircraft’s	true	altitude	varied	as	the	variations	were	overflown	(Image:	Glenn	Strkalj).	

In	VH-MDX’s	case	during	the	last	few	minutes	of	flight	with	communications,	the	
aircraft	was	descending.	Depending	on	where	VH-MDX	was	located	in	relation	to	
these	local	pressure	variations,	over	or	under-reading	of	the	altimeter	would	
have	occurred	due	to	local	pressure	variations.		
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10.3. Temperature	variations	
The	pressure	altimeter	is	also	calibrated	for	ISA	values	of	temperature	and	any	
deviation	in	actual	temperature	from	ISA	results	in	under	and	over-reading	
altimeters	as	well.		This	is	known	as	temperature	error.	

In	basic	altimeters	such	as	that	used	on	VH-MDX,	no	significant	means	of	
temperature	compensation	exists	other	than	the	pilot	applying	standard	
correction	figures	to	the	readings	during	instrument	approaches	in	very	cold	
weather.		

One	general	rule	is	to	adjust	the	altimeter	reading	by	4%	for	every	10˚C	
deviation	from	ISA[16].	Hotter	than	ISA	conditions	result	in	under-reading	
altimeters	and	colder	than	ISA	conditions	result	in	over-reading	altimeters.	

Section	2.3	showed	that	conditions	were	likely	to	be	ISA-5	during	the	VH-MDX	
accident.		

Compensating	for	an	ISA-5	deviation	at	the	VH-MDX	pilot’s	altitude	call	of	
6500’AMSL	results	in:	

- Indicated	altitude	=	6500’AMSL	
- 2%		compensation	for	temperature	deviation	=	130’	deviation	
- Temperature	compensated	altitude	=	6370’AMSL.	

This	means	that	temperature	deviations	apparent	during	the	night	of	the	
accident	contributed	to	the	altimeter	over-reading	by	around	130’.	

10.4. Other	errors	

10.4.1. Instrument	errors	
Further	errors	exist	arising	from	the	altimeter	system	design.	These	are	difficult	
to	quantify	but	generally	result	in	minimal	errors.		

One	instrument	error	that	would	have	been	applicable	to	VH-MDX	is	time	lag	
error.	This	is	due	to	lag	in	the	capsule	and	mechanism	response,	resulting	in	
over-read	during	descents	with	over-read	value	being	related	to	rate	of	descent.	
VH-MDX	was	averaging	a	1700fpm	descent	rate	in	approximately	the	last	minute	
of	recorded	flight[1].		

10.4.2. Alternate	static	air		
One	error	that	is	of	significance	resulting	in	a	substantial	altitude	deviation	is	
error	arising	from	the	selection	of	alternate	static	air.	Alternate	static	air	is	
selected	by	the	pilot	when	it	is	suspected	or	confirmed	that	the	normal	static	
ports	externally	mounted	on	the	empennage	of	the	aircraft	are	blocked	or	iced	
over.	Such	a	blockage	would	result	in	a	frozen	or	slow	reacting	altimeter	reading.		

When	the	pilot	selects	alternate	air	on	the	Cessna	210M,	air	is	fed	from	the	
cockpit	to	the	altimeter.	Although	the	cockpit	is	unpressurised,	there	is	still	a	
slight	pressure	difference	between	the	cabin	and	outside.	As	the	cabin	pressure	
is	not	exactly	equal	to	the	ambient	pressure	outside,	an	indication	error	results.	
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The	Cessna	210M	Pilot’s	Operating	Handbook	(POH)	specifies	the	following	
corrections	when	using	alternate	static	air[5]:	

- Cruise	150’	higher	(over-read	error)	
- Approach	70’	higher	than	normal	(over-read	error).		

The	altitude	corrections	relate	to	speed	flown.	Approach	speeds	commence	from	
90KIAS	and	move	downwards.		

10.5. Application	to	VH-MDX	
In	the	case	of	VH-MDX,	what	are	of	interest	are	the	deviations	between	true	
altitude	and	pressure	altitude	in	the	final	few	minutes	of	flight.	Knowing	the	true	
altitude	of	VH-MDX	at	certain	points	can	refine	flight	path	determinations	and	
radio	propagation	analysis.		

Temperature	deviations	are	effectively	fixed	(ISA-5)	as	determined	in	section	
10.3	and	in	VH-MDX’s	case	contributed	to	an	over-reading	altimeter.	Pressure	
variations	on	the	other	hand	could	have	contributed	to	an	over	or	under-reading	
altimeter.		

If	it	is	found	that	VH-MDX	was	in	an	area	of	reduced	local	atmospheric	pressure	
such	as	in	the	lee	of	significant	ridgelines	during	a	particular	altitude	
transmission,	such	pressure	deviations	will	bias	the	altimeter	to	over-read.	This	
coupled	with	the	over-reading	bias	of	the	temperature	deviation	would	have	a	net	
result	of	the	altimeter	over-reading.	This	means	VH-MDX	true	altitude	would	be	
lower	than	the	pilot	reported	altitude.	

If	VH-MDX	were	found	to	be	in	an	area	of	increased	local	atmospheric	pressure	
during	a	particular	radio	transmission,	the	pressure	deviations	would	bias	the	
altimeter	to	under-read	whilst	the	temperature	deviation	would	bias	the	
altimeter	to	over-read.	The	end	result	would	be	found	through	the	vector	
addition	of	both	of	these	errors	and	would	tend	to	cancel	each	other	out.	

The	1mb	per	30’	rule	can	be	applied	to	determine	the	level	of	altimeter	over	or	
under-reading	bias.	This	information	can	then	be	used	to	effect	in	radio	
propagation	analysis	and	flight	path	determination.		

10.6. Summary	of	findings:	Altimeter	errors	
For	the	sample	case	of	indicated	altitude	6500’AMSL	with	VH-MDX	located	in	an	
area	of	reduced	local	pressure	(mountain	lee)	the	following	net	altimeter	errors	
were	likely:	

Under-reading	errors:	
- Barometric	error	30’	

Over-reading	errors:	
- Temperature	130’	
- Local	pressure	variations:	lee	trough,	1hpa	=	30’	

Net	altimeter	error:	130’	over-read.		



©	Glenn	Strkalj	2014-2015	
	

	
©	Glenn	Strkalj	2014-2015	

	

69	

If	the	alternate	static	source	was	used	then	up	to	280’	of	over-read	error	could	be	
apparent	although	around	230’	was	more	likely	if	VH-MDX	was	flying	at	around	
110KIAS.		

Time	lag	error	would	have	resulted	in	increased	over-read	above	these	figures.		

What	this	means	is	that	when	the	pilot	of	VH-MDX	transmitted	a	6500’	altitude,	
assuming	the	call	was	made	at	the	instant	of	seeing	6500’	on	the	altimeter,	the	
true	aircraft	altitude	would	have	been	between	approximately	6220’AMSL	and	
6370’AMSL	when	not	accounting	for	time-lag	error.		

11. Summary	of	findings		
The	table	below	provides	a	summary	of	findings	regarding	likely	meteorological	
conditions	during	the	VH-MDX	accident.		

Phenomena	 Location	/intensity/values	

Wind	 At	8000’AMSL:								230˚T-270˚T	at	30-50	knots	
Just	above	terrain:	230˚T-270˚T	at	20-30	knots	

Visibility	 Excellent:	40km	when	clear	of	precipitation.	

ISA	deviation	 ISA	-5	

Turbulence	 Moderate	to	severe	over	and	close	to	high	terrain.		

Downdrafts	 Likely	to	be	apparent	on	lee	of	high	terrain	
Possible	in	valleys	on	the	windward	side.	

Cloud	
Limited	to	western	and	south-western	facing	areas	of	
mountaintops	and	windward	slopes.	
Other	areas	substantially	clear	of	cloud.	

Precipitation	
Snow.	Limited	to	localised	areas	associated	with	
orographic	cloud	at	high	elevations	(4000’AMSL	to	
5000’AMSL).	

Icing	 High	risk	in	cloud	between	6000’AMSL	&	10000’AMSL.		

Altimeter	
Errors	

Normal	static	source:	A	little	over	130’	over-read	
Alternate	static	source:		A	little	over	230’	(likely)	to	
280’	(max)	over-read	

Figure	41:	Summary	of	findings.	

12. Conclusions	
Relevant	meteorological	information	regarding	the	VH-MDX	accident	was	
collated	and	analysed.		

Conclusions	were	made	regarding	the	likely	meteorological	conditions	apparent	
during	the	VH-MDX	accident.	
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Annex	A:	Raw	Area	20	and	Area	40	Low-Level	Area	
Forecasts	
	

	
ARFOR	20.	(Image:	National	Archives	of	Australia	(Department	of	Transport)	1981[1]).	

	
ARFOR	40.	(Image:	National	Archives	of	Australia	(Department	of	Transport)	1981[1]).	
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Annex	B:	Raw	Terminal	Area	Forecasts	(TAF’s)	

	
Area	20	TAFs.	(Image:	National	Archives	of	Australia	(Department	of	Transport)	1981[1]).	

	
Area	40	TAFs.	(Image:	National	Archives	of	Australia	(Department	of	Transport)	1981[1]).	
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Annex	C:	Raw	Sydney	FIR	SIGMETs	

  
Sydney	SIGMET	3.	(Image:	National	Archives	of	Australia	(Department	of	Transport)	1981[1]).	

Sydney SIGMETs. (Image:	National	Archives	of	Australia	(Department	of	Transport)	1981[1]).	
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Sydney SIGMETS. (Image:	National	Archives	of	Australia	(Department	of	Transport)	1981[1]).	
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Sydney SIGMETS. (Image:	National	Archives	of	Australia	(Department	of	Transport)	1981[1]).	
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Annex	D:	Raw	Brisbane	FIR	SIGMET	
	

  
Brisbane SIGMET 1. (Image:	National	Archives	of	Australia	(Department	of	Transport)	1981[1]).	
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Annex	E:	Airport	abbreviation	code/decode	
	

New	Abbreviation	 Old	Abbreviation	 Airport	Name	

YARM	 ARM	 Armidale	
YBAF	 ABAF	 Brisbane/Archerfield	
YBBN	 ABBN	 Brisbane	
YBCG	 ABCG	 Coolangatta	
YBUD	 ABBU	 Bundaberg	
YCAS	 CAS	 Casino	
YGFN	 GFN	 Grafton	
YKMP	 KMP	 Kempsey	
YLIS	 LIS	 Lismore	
YMND	 MND	 West	Maitland	
YPMQ	 PMQ	 Port	Macquarie	
YSBK	 ASBK	 Sydney/Bankstown	
YCFS	 ASCH	 Coffs	Harbour	
YSCN	 ASCN	 Camden	
YSGT	 SGT	 Singleton	
YSSY	 ASSY	 Sydney	
YSTW	 ASTW	 Tamworth	
YTRE	 TRE	 Taree	
YWLM	 ASWM	 Newcastle/Williamtown	
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Annex	F:	Williamtown	weather	balloon	data	
	

2300UTC,	08	Aug	81	

Temp	
(˚C)	

Dew	
Point	
(˚C)	

Relative	
Humidity	

Wind	
Direction	

Wind	
Speed	

Pressure	
(hPa)	

Geopotential	
Height	in	
gpm	(m)	

Height	
Feet	

13.3	 2.6	 48%	 310	 21.4	 1005	 8	 26	
-	 -	 -	 300	 36.9	 950	 -	 -	
4.0	 -2.6	 62%	 270	 44.7	 900	 920	 3018	
2.6	 -11.9	 33%	 270	 42.8	 850	 1390	 4560	
-0.4	 -17.5	 26%	 -	 -	 800	 1870	 6135	
-	 -	 -	 270	 33.0	 750	 -	 -	
-9.3	 -22.4	 33%	 280	 36.9	 700	 2930	 9613	
-20	 -30.4	 39%	 280	 36.9	 600	 4090	 -	
-27.4	 -	 -	 270	 60.3	 500	 5420	 -	
-33.6	 -	 -	 270	 81.6	 400	 7010	 -	
-41.9	 -	 -	 -	 -	 330	 8340	 -	
-42.8	 -	 -	 270	 79.7	 300	 8990	 -	
-	 -	 -	 280	 93.3	 250	 -	 -	

-40.6	 -	 -	 280	 97.2	 200	 11750	 -	
-50.1	 -	 -	 270	 81.6	 150	 13670	 -	
-57.7	 -	 -	 280	 75.8	 100	 16270	 -	
(Data:	Bureau	of	Meteorology	1981).	

0500UTC,	09	Aug	81	

Temp	
(˚C)	

Dew	
Point	
(˚C)	

Relative	
Humidity	

Wind	
Direction	

Wind	
Speed	

Pressure	
(hPa)	

Geopotential	
Height	in	
gpm	(m)	

Height	
Feet	

-	 -	 -	 290	 23.3	 1012	 8	 26	
-	 -	 -	 290	 27.2	 950	 -	 -	
-	 -	 -	 270	 33.0	 900	 -	 -	
-	 -	 -	 260	 35.0	 850	 -	 -	
-	 -	 -	 240	 40.8	 750	 -	 -	
-	 -	 -	 230	 38.9	 700	 -	 -	
-	 -	 -	 250	 42.8	 600	 -	 -	
-	 -	 -	 250	 48.6	 500	 -	 -	
-	 -	 -	 250	 70	 400	 -	 -	
-	 -	 -	 250	 75.8	 300	 -	 -	
-	 -	 -	 260	 77.8	 250	 -	 -	
-	 -	 -	 270	 85.5	 200	 -	 -	
-	 -	 -	 270	 81.6	 150	 -	 -	
-	 -	 -	 270	 64.1	 100	 -	 -	

(Data:	Bureau	of	Meteorology	1981).	
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1100UTC,	09	Aug	81	

Temp	
(˚C)	

Dew	
Point	
(˚C)	

Relative	
Humidity	

Wind	
Direction	

Wind	
Speed	

Pressure	
(hPa)	

Geopotential	
Height	in	
gpm	(m)	

Height	
Feet	

10.2	 2.0	 57%	 290	 15.6	 1007	 8	 26	
-	 -	 -	 290	 38.9	 950	 -	 -	
3.6	 -2.6	 64%	 260	 44.7	 900	 930	 3051	
1.0	 -6.3	 58%	 240	 44.7	 850	 1390	 4560	
-0.6	 -14.1	 35%	 -	 -	 800	 1880	 6168	
-	 -	 -	 230	 31.1	 750	 -	 -	
-8.8	 -20.1	 39%	 230	 36.9	 700	 2930	 9613	
-18	 -32.7	 26%	 240	 38.9	 600	 4110	 -	
-27.2	 -	 -	 240	 58.3	 500	 5450	 -	
-36.7	 -	 -	 240	 89.4	 400	 7020	 -	
-44.1	 -	 -	 -	 -	 328	 8380	 -	
-43.9	 -	 -	 250	 73.9	 300	 8970	 -	
-	 -	 -	 250	 77.8	 250	 -	 -	

-45.1	 -	 -	 260	 77.8	 200	 11700	 -	
-50.2	 -	 -	 260	 75.8	 150	 13610	 -	
-56	 -	 -	 260	 60.3	 100	 16220	 -	

(Data:	Bureau	of	Meteorology	1981).	

	


