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Aims of this presentation...

 To describe what | do as a forecaster at
the Bureau of Meteorology

* To provide an interesting introduction to
weather and climate

0 present examples of how theory relates
to real-world forecasting




Forecasters at the Bureau

Aviation forecasting

Fire weather

Public weather

Severe weather

Volcanic Ash Advisory Centre
Tropical Cyclone Advisory Centre
Climate

Hydrology




B Aviation Forecasting

Bureau of Meteorology

AMEND RARER FORECAST 110300 TO 111700 RRER 80.

CVERVIEW:
ISOIATED SHOWERS MORTH OF SHEPPR/YELD/HOECR. RRERS OF MIST/FOG RND
BROFEN LOW CLOUD CEVELOPING COVER LAND E OF YMYH/YHOV/ETC/AEWP AND OVER

IAND W OF ABVUV/¥YBCR/YAUV AFTER 15Z. RREAS OF SMOEE (WER IAND BELOW
AI I Of N I TO00FT, LOCALLY THICK WNEAR FIBES. DUST DEVILS BELCW 7000FT TILL 08Z.

WIND:

3000 5000 7000 10000 14000 18500
24 h O u rS 090415 090715 080715 050710 BS11 180420 PS03 230/15 MS09

PEMARES:

[1] 2000/5000FT WINDS TENDING 180/15 SE OF HRNKY/YDLW AFTER 12Z.

[2]1 10000FT/14000FT WINDS TENDING 270720 § OF YPET/YNGT.
[3]1 13500FT WINDS Z20ET STRONGER 5 OF YVRD/YBRL.

CLOUD -
BEN ST 050072000 IAND E OF YMYH/YHOV/ETG/AWP RND CWER IAND W OF

[ ]
MRVTV/YBCR/YRTWV AFTER 152 _
5CT 5T 100072000 IN SHRA.
S5CT CU/5C 200010000 N OF RBVUV/YOEN/¥NGU/HENEY, BRSES TO 5000
INLEND .

Weather watch e

EMD VISIBILITY:
0500M IN Fi=.

Hazards: Fog and e

8FM IN FU, 2000M THICE FU.

low cloud, e e

ICING:

thunderstorms, e

TURBULENCE:
MOD WITH CU.

t rb e n Ce MOD BLW 7000FT IN THERMALS/PO TILL 0BZ.
urou : -

WIND 1000FT: 100/20ET, TENDING 080/10ET 5 OF YPDN/YPGV.
S5EA STATE: S5EAS TO 1.5M._
FOR A MORE DETAILED BRIEFING CALL [08] 83520 3814.
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Radio
Interviews
Tweeting
@bom_NT)
Take calls
from the
public
Draw
streamlines
for NT news
7/ day weather
outlook

IC Weather

Australian Government

Burean of Meteorology

Bureau Home > Ausiralia = MetEye

MetEye - your eye on the environment™

A\ View the current warnings for Australia

<

LATEST WEATHER

Current Temp, Rain, Wind ...
FORECASTS

Rainfall Forecasts
Wind Forecasts

C' ‘Wind speed and direction (km/h})

@' Wind speed and direction (knots)
Updated 11 Aug 2015, 10:41 AM ACST

() Mixing height

Clear Info

Owerlay

] Latest rain radsr
Updated 11 Aug 2015, 2:55 PM ACST

I:l Mean Sea Level Pressure (hFa)
Waves Forecasts
Temperature Forecasts
Storms, Snow, Fog, Frost ...

Humidity Forecasts

HOME | ABOUT | MEDIA

WA

NSW VIC QLD

Forecast for Darwin Harbour

Tue, 11
Aug

Sawe location
Aug

Start typing, then select from list (t

y

Tuesday
Max (°C)
Min (°C)
Chance of rain (%)

Rainfall range {mm)

Issued 11 Aug 2015

=

Wed. 12

CON

SA TAS ACT

NT AUSTRALIA

See text views for location

Mon. 17
Aug

Thu. 13
Aug

Fri. 14
Aug

Sat. 1F
Aug

Sun. 18
Aug
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e e Fire weather

« Use meteorological parameters to decide
weather to issue a fire weather warning
* Temperatures
* Humidity
* Winds

Bureau of Meteorology: Sample Fire Ban Advice

HRE DANGER RATING

AUSTRALIAN GOVERMNMENT - BUREAL OF METECOROLOGY VICTORIA

Category

Fire Ban advice for Victoria 7 ’ ; 4
Issued at 5.30pm EDT on Saturday 10 December 2004 valid urtil 11:53 pm EDT on Sunday 11 December 2004 CATASTROPHIC (CODE RED!

The Country Fire Authority has declared a Total Fire Ban for Sunday 11 December 2004 in the South Western

Total Fire Ban District.
VERY HIGH

Forinformation contact the Country Fire Authority on 1800 240 667 or go to httpo/fwww cfavic. gov au HIGH

LOW — MODERATE

CFA advises people living in areas at risk of fire to activate their bush fire plan.
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Weather Basics: Topics

The atmosphere
AlIr pressure
Horizontal motion
Vertical motion
Cold fronts
Tropical cyclones
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e The Atmosphere

Atmospheric Composition

Nitorgen (78.08%)
m Oxygen (20.95%)
Argon (0.93%)
m Other (0.04%)
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The Atmosphere

ST WARMER

-20 © 20
Temperature (°C)
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Alr Pressure

 Why Is air pressure important in
meteorology?




Alr Pressure




Alr Pressure

Bureau of Meteorology

* Pressure: net force per unit area, P=F/A

* Air has mass
 Gravity pulls air down

* Air Pressure is the force exerted by the column of air directly
above you.

*Measured by a barometer
In millibars (mb) =
*hecto Pascals (hPa) = kg / ms?

*Sometimes inches of mercury




Alr pressure and altitude

If you are standing at the top of Mt Everest,
will the air pressure be less or more then
when you were standing at base camp?




Air pressure and altitude

e If alr pressure
IS weight of air
above you

* Then less air
above you
means lower
alr pressure




Alr pressure and Its
iImportance

 How does air pressure relate to weather
patterns?

—Horizontal motion
—Vertical motion
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The atmosphere
AlIr pressure
Horizontal motion
Vertical motion
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Alr pressure and

weather patterns — Horizontal
motion

Latest Colour Mean Sea-Level Pressure Analysis
Latest Printable Colour Analysis (FOF) | Latest Black & White Analysis | Forecast map for next 4 days
Select a day or time to see itz map

Animate ¥ ¥ ] >
-1 DAY TODAY

-G DAYS -5 DAYS -4 DAYS -3 DAYS -2 DAYS

DDDE1213[1'[1'DB1215DDD§121EDDE6121EDDDG121EDDDG121EE

Analysis for 00:00 UTC on Friday 7 August 2015

:/_/ﬂ'ms 1R20E°F & 130E |, T40E
i
W 5
, /

)

Natlenal Uperations Cenire
Burean of Meteorology

MSLP Analysis (hPa)
Valid: 0000 UTC 07 Aug 2015
LOAM EST 07/ Aug /2015




Horizontal Motion

Low Pressure
!

I
High Pressure

T = Pressure Gradient Force



Coriolis Effect

https://www.youtube.com/watch?v=_36MIC
US1ro



https://www.youtube.com/watch?v=_36MiCUS1ro
https://www.youtube.com/watch?v=_36MiCUS1ro

Horizontal Motion

Low Pressure
!

N
4

High Pressure

T = Pressure Gradient Force = Coriolis force




Horizontal motion

T = Pressure Gradient Force




Horizontal motion

<
- H -

)

Bureau of Meteorology

= Coriolis force T = Pressure Gradient Force
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Latest Colour Mean Sea-Level Pressure Analysis
Latest Printable Colour Analysis (FOF) | Latest Black & White Analysis | Forecast map for next 4 days

Animate ™ ¥ [ > Select a day or time to see its map

-6 DAYS -5 DAYS -4 DAYS -3 DAYS -2 DAYS -1 DAY TODAY
DDDE“IE“IEDDDﬁ12“IE-DDDE-12“IEDDDE1E1E-DDDE12“IEDDDE121EE

Analysis for 00:00 UTC on Friday 7 August 2015

:/_//:']E 1208 4 130E |
5

)

Mational Ciper ations Centre
Burean of Meteor ology

MSLP Analysis (hPa)
Valid: 0000 UTC 07 Aug 2015
10AM EST 07/ Aug /2015




Important things to
remember about wind:

Bureau of Meteorology

1. It's described (or named) using the direction it is coming from
a) southeast winds are coming FROM the southeast.

The Bureau of Meteorology reports wind
2. Wind speed is constantly changing: as a 10 minute mean of wind speed or
a)  Gusts are a short increase in wind spee direction.

Wind gusts are the highest instantaneous
wind speed measured within that 10
minute mean

3. Onland wind is given in kilometres per hour

On water we use knots (nautical miles per hour).
a) 1knot=1.85km/h




Basics: Highs and Lows

* In the Southern Hemisphere:

Motion around a Low I1s Clockwise
Motion around a High is Anticlockwise

\“‘:L 1004 mzc:"""u

fromd o “T

\




W \What about the tropics?

Bureau of Meteorology

Latest Colour Mean Sea-Level Pressure Analysis
Latest Printable Colour Analysis (FDF) | Latest Black & White Analysis | Forecast map for next 4 days
Animate ™ 5] [ [ Select a day or time to see its map

-6 DAYS -5 DAYS -4 DAYS -3 DAYS -2 DAYS -1 DAY TODAY
DDDE“IE1E-DDDﬁ1213DDEﬁ121BDDEﬁ121ﬂDDEﬁ121ﬂDDE~51E1ﬁm

Analysis for 00:00 UTC on Friday 7 August 2015

:/_/ﬂ OE 120E°F 4 130E

)

National Ciperations Cenire
Burean of Meteorology

MSLP Analysis (hPa)
Valid: 0000 UTC 07 Ang 2015
10AM EST 07/ Aug /2015




Wind and Air
Pressure

» We can draw the wind fields around the
pressure systems to analyse the weather




BUNEAU OF METEOROLOG
FFICE

1880ING © GARWIN RSNE
Gradient Wind Anal

7 AUG 15 00 UTC
SUED 07 AUG 15 05 UTC
o-8500ps Sat Winss AUG 15 23.UTE
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The atmosphere
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Vertical motion
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Air pressure and
weather patterns — Vertical motion

Rising of air = UPWELLING Sinking of air = SUBSIDENCE




Wl ea breeze

Bureau of Meteorology







Convection

Australian Government

Bureau of Meteorology

The water vapo
in the air will
condense into
water droplets
that form a cloud
and can
eventually grow
into raindrops
and fall from the
cloud as rain

) OO0 0 OO OOOVOOOW




B Basics: Highs and Lows

Bureau of Meteorology

Showers and storms Clear skies, fog or low cloud

— —

HIGH
(falling pressures) (rising pressures)
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Where’s the weather?

f&

ational Meteorological a
Bureau of Meteorology
MSLP Analysis (hPa)
Valid: 1200 UTC 08 Mar 2014
2300 EDT 08 Mar 2014

What is a weather front and why don't we get them in the tropics?
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Frontal systems
simplified)

« A front iIs a boundary separating two air
masses
















* Afrontis a boundary separating two air
masses




Cold fronts and weather

 Cold fronts cause warm air to rise and
cool.

* Cooler water vapour condenses into cloud
nd rain




hy don't we get fronts in the
tropics?

The
temperatures is
the mostly the
same across
the tropics so
that air
circulating a

low does not
develop
boundaries and

or fronts

N

Instead we get tropical lows & T

S

tropical cyclones.



Weather Basics: Topics

The atmosphere
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Tropical cyclones




Australian Government

o What is a Tropical Cyclone?

A low pressure system of tropical origin having organised
convection and gales near the centre ...

Eye Wall

Gale-force winds (10 min meany”
63 km/h (34 knots) -
5

-

~ hours)
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Super Typhoon Noul
Animated GIF: http://go.wisc.edu/0ii0lk

MP4 movie file: http://go.wisc.edu/s60k77



http://go.wisc.edu/0ii0lk
http://go.wisc.edu/s60k77

Category

Strongest
Gust
(km/h)

Average
Maximum
Wind
(km/h)

Central
Pressure
(hPa)

Typical Effects

<125

63 - 88

> 985

Negligible house damage. Damage to some
crops, trees and caravans. Craft may drag
moorings




Category

Strongest
Gust
(km/h)

Average
Maximum
Wind
(km/h)

Central
Pressure
(hPa)

Typical Effects

125 - 164

89 - 117

985 -970

Minor house damage. Significant damage to
signs, trees and caravans. Heavy damage
to some crops. Risk of power failure. Small
craft may break moorings.




Category

Strongest
Gust
(km/h)

Average
Maximum
Wind
(km/h)

Central
Pressure
(hPa)

Typical Effects

165 - 224

118 - 159

970 - 955

Some roof and structural damage. Some
caravans destroyed. Power failures likely.
(e.g. Winifred)




Category

Strongest
Gust
(km/h)

Average
Maximum
Wind
(km/h)

Central
Pressure
(hPa)

Typical Effects

225-279

160 - 199

955 - 930

Significant roofing loss and structural
damage. Many caravans destroyed and
blown away. Dangerous airborne debris.
Widespread power failures. (e.g. Tracy,
Olivia)




Category

Strongest
Gust
(km/h)

Average
Maximum
Wind
(km/h)

Central
Pressure
(hPa)

Typical Effects

> 279

> 200

<930

Extremely dangerous with widespread
destruction. (e.g. Vance)
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Climatology Basics




Climatology Basics

Definitions

Global Energy Budget
Global Circulation
Monsoon
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What I1s the difference between
weather and climate?

« Weather: “The current state of the
atmosphere...the short-term (minutes to days)

Varia'[ionS in the a'[mOSphere” AMS Glossary of Meteorology

« Climate: “The slowly varying aspects of the
atmosphere-hydrosphere-land surface system”

AMS Glossary of Meteorology

* “The climate is what you expect, the
weather is what you get”




Climatology:

average conditions and anomalies

. Iimate: “The slowly varying aspects of the
atmosphere-hydrosphere-land surface system”

* AMS Glossary of Meteorology

— Often taken as a 30 year average

 Climate variability: “any variations of the
atmosphere/ocean system around a mean state

 AMS Glossary of Meteorology

— Why are some years wetter than others?
— What drives changes from season to season?

b

 Climate Change: "Any systematic change in the
long-term statistics of climate elements
sustained over several decades or longer”

* AMS Glossary of Meteorology
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Global Energy Balance

How much energy comes into the Earth's
climate system from the sun and what
happens to this energy

« Balance: Incoming energy = outgoing
energy

* Energy In = shortwave radiation
* Sun

* Energy out = longwave radiation
« Earth's surface, atmosphere, ect




Incoming Outgoing radiation

solar radiation Short wave Long wave (lR)

e} e,
100 23:2 167 A7 49.6

" Clouds | | sl
Absorbed Clouds h:aattﬁmx
by Absorbed by

atmosphere Reflected greenhouse

22.9 by surface gases
104.4 T

I Sensible
heat flux

Absorbed Back
by surface radiation

y

EARTH'S 47.2 116.1 97.7
SURFACE




Why is this energy balance
iImportant to climate?

Greenhouse effect




Australian Government
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Greenhouse Effect

Incoming Outgoing radiation

solar radiation Short wave Long wave (IR)

e —, ey —————
100 23:2 6.7 A7 49.6

Y

~ Clouds ¢ ol =
bsorbed A\ i = -1 Clouds @
by Absorbed by
atmosphere Reflected greenhouse

22.9 by surface gases
104.4 T

| Sensible
heat flux

Absorbed Back

by surface radiation

v

EARTH'S 47.2 116.1 97.7
SURFACE
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Global Circulation

Even though synoptic patterns
(highs/lows) effect winds, there is also

a global circulation occurring on a
much larger scale.




Single Cell Model

Equator —
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Three cell Model

NE Trade winds

Equatorial doldr |

= B

_SE Trade winds

-




How does global circulation
effect Darwin?

 Trade winds

— South-easterly flow -
o T
across the - /‘%ﬁm :
Northern Territory ,/ Vﬂ,x’/

X wm‘;g!“' SoRveTRIncs Zone (Tcy)

. o\ -
central Australia \““““ ~. ny), 5
— How does this 4 A SN .
explain
monsoons/wet
season?

— Brings dry air from o [N TS \ -
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Definitions

* Wet Season: The wetter part of the year.
Runs from 1 October to 30 April

 Monsoon: derived from the Arabic word
"mausam”, meaning season. It is used to
describe the seasonal reversal of winds
that occurs over parts of the tropics.




Australian climate influences

Australian Government

Bureau of Meteorology

: >----.. -....Southern ... gquator
CAS IR ORCIC IO O R I G0 C 0 L )

SN 20's
|

¥ __Tropic of
Capricorn
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e Monsoon

D Y

Active monsoon

Equator .




e A typical wet season

A e~ Monsoon e Monsoon

Active monsoon Monsoon break

A .

@) N

Build-up period: Oct-Dec Monsoon: End of December through April
Hot, humid Bursts of widespread rainfall
Isolated thunderstorms 1-3 Week long breaks in the rain




Bureau of Meteorology

» Graduate program

* Prerequisites: A degree, with a major in
a physical science or mathematics

* http://www.bom.gov.au/careers/grad-
met.shtml




Thank you for your

time

Questions? Feel free to emaill
L.Boekel@bom.gov.au




