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The Beaufort Scale

“Over thousands of years sailors have learnt to estimate the speed of the wind just by
looking about. This technidue matured into what we now call the Beaufort scale. The universe
tells you everything you need to know about it as long as you are prepared to watch, to
listen, to smell, in short to observe . Howtoons 2006

FORCE| SPEED | ..y | sea like a mirror
o O Kriots
O mph i i
| o km LAND | Smoke rises vertically

FORCE

SPEED
1-3 Knots

Ripples with the appearance of scales
are formed, but without foam crests

1-3 mph
1-6 km/h

Direction of wind shown by smoke but
ot by wind vares

FORCE | SPEED | o | Small wavelets. Crests have a glassy FORCE| SPEED |, [Large wavelets. Crests begin to break.
4-6 Kriots appearance and do rot break 7-10 Knots Foam of glassy appearance.
2 Y-7 mpn s Wind felt on face; leaves rustle; 3 8-12 mph % Leaves and small bwigs In constant
7-M km/n ordinary vane moved by wind 12-19 km/M

N
\
9
| -
o SIS LS —- 3 -
s T e ‘] “Gentle Breeze”
FORCE| SPEED | ggp | Small waves, becoming longer, fairly Moderate waves, taking a more prorounced FORCE | SPEED oea | Laree waves begin to form; the white foam | | FORCE| SPEED | ggp | Sea heaps up and white foam from oreaking
11-16 Krnobs frequent white horses long form; many whive horses are formed. 22-27 Knozs crests are more extensive everywhere. 28-33 Knovs waves starts to blow in streaks with wind.
H BB mph | | o | Raises dust and loose paper; small Small trees In leaf begin to sway; 6 25-31men | o | Laree branches in motion; whistiing heard in 7 2238 men | | o | Wnole trees in motion; umbrelas discarded;
branches are moved wavelets form on inland waters 4050 km/n telegraph wires; umbrellas use cifficut. 51-62 km/n inconvenience fels when walking

2 =0 T ey
D IR p? “Fresh Breeze”
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SPEED

34-4HO Krots:

Moderate high waves of greater length; edges
of crests begin to break into spindrift.

39-46 moh

8 63-75 km/n b

Breaks twigs off trees; gererally
Impedes progress

SPEED
H1-47 Knots|
47-54 mpn

Hign waves. Creste of waves begin to tumble
and roll over. Spray may affect visiility

Slight structural damage occurs,
chimney pots and slates removed

o

SPEED
48-55 Krots
55-63 mph
88-102 km/n

Very high waves. Surface of the sea takes on
a White appearance. Visibility affected

Seldom experienced inland; trees uprooted;
considerable structural damage occurs

Exceptionally high waves. Tne sea is covered
with long white patches of foam.

Very rarely experienced on land;

accomparnied by widespread damage.
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1FORCE| speeED
over 63 Knots
over 72 mph
over 117 km/n

Huge waves; alr Is fllled with foam and spray. Sea white
with driving spray; Visibility very seriously affected

Countryside is devas!
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<—] “Hurricane”




BEAUFORT FORCE 0
WIND SPEED: LESS THAN 1 KNOT

SEA: SEA LIKE A MIRROR




BEAUFORT FORCE 0
WIND SPEED: LESS THAN 1 KNOT

SEA: SEA LIKE A MIRROR

BEAUFORT FORCE 3
WIND SPEED: 7-10 KNOTS

SEA: WAVE HEIGHT .6-1M (2-3FT), LARGE WAVELETS
CRESTS BEGIN TO BREAK, ANY FOAM HAS GLASSY
APPEARANCE, SCATTERED WHITECAPS




BEAUFORT FORCE 0
WIND SPEED: LESS THAN 1 KNOT

SEA: SEA LIKE A MIRROR

BEAUFORT FORCE 6
WIND SPEED: 22-27 KNOTS

SEA: WAVE HEIGHT 3-4M (9.5-13 FT),
LARGER WAVES BEGIN TO FORM, SPRAY IS PRESENT,
WHITE FOAM CRESTS ARE EVERYWHERE

BEAUFORT FORCE 3
WIND SPEED: 7-10 KNOTS

SEA: WAVE HEIGHT .6-1M (2-3FT), LARGE WAVELETS,
CRESTS BEGIN TO BREAK, ANY FOAM HAS GLASSY
APPEARANCE, SCATTERED WHITECAPS




BEAUFORT FORCE 3
BEAUFORT FORCE 0 WIND SPEED: 7-10 KNOTS
WIND SPEED: LESS THAN 1 KNOT

SEA: WAVE HEIGHT .6-1M (2-3FT), LARGE WAVELETS
ot CRESTS BEGIN T
SEA: SEA LIKE A MIRROR ’ S O BREAK, ANY FOAM HAS GLASSY

APPEARANCE, SCATTERED WHITECAPS

BEAUFORT FORCE 9
BEAUFORT FORCE 6 WIND SPEED: 41-47 KNOTS
WIND SPEED: 22-27 KNOTS '
SEA: WAVE HEIGHT 7-10M (23-32FT), HIGH WAVES, DENSE
SEA: WAVE HEIGHT 3-4M (9.5-13 FT), STREAKS OF FOAM ALONG DIRECTION OF THE WIND, WAVE
LARGER WAVES BEGIN TO FORM, SPRAY IS PRESENT, CRESTS BEGIN TO TOPPLE, TUMBLE, AND ROLL OVER.
WHITE FOAM CRESTS ARE EVERYWHERE SPRAY MAY AFFECT VISIBILITY.
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A Braggscatteringes TR ierowaves
I Incoming mlcrowave radiatio| ' -

In resonance with short wave
(domlnant for 36 q <. 7OA)

. /(Zsm(q o s

4 ~

A.Specular refléctioh

' I Ocean facets normal to
. Incident radiation (non
forg <,.30A

e

Figure 11. Bragg scaitering: A plan-parallel radar beam with wavelength A
hits the rough ocean surface at incidence angle &, where capillary gravily

waves with Bragg wavelength A5 will cause microwave resonance,

eoretical
'~1 dB and not

/ ~2cm (Ku-band) , / ~5¢cm (C-band)

e 2 &
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|cal model functi

' | 1 phys QEF) relates
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neutral wind U,

Ulo- d‘epénds on air_stability y
while s%is a sea hrty

Surface roughness z, relatesto
*s 9 and depends on friction
'veloclty u. and thus on stress

U;on IS cOMputed from u. by
_setting y = 0 and is available
from NWP models and buoys

ko Gl\/jfﬂts S0 and -collocated U,y

s
- Sofs 0= GMF (U £, G, P, P
NWP models usually | ignore,_
_current (U, =0), but a
“scatterometer does measure
relative to ocean motlon ’

EUMETRAIN Marine Course 2013

& Stoffelen, 2009



Ground track

Current scatterometer instruments - | s00km
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i A Wepol - RSN
= . ; A Sampling 12.5-25 km 7oA

A Static geometry
A ASCAT, double swath
A

Rotating pencil beam
i A Ku-band (2 cm)

' o A Sampling 25 km, 50 km e fmmf:mf .
[ A Rotating antenna A\ : )
A OSCAT, ;/

A

EUMETRAIN Marine Course, 20 : rve—



ASCAT scatterometer




ASCAT scatterometer




)servation geometry

-~ A Real apertu 255 GHz
- {C:band), VVpolarisation ”\,

" A _sAll weather measuring capability
A Measuring geometry:-3 f'an-begm
.~ antennas, double swath,
- incidence angles between 25 and
BoHeg .- LSS s
A Measurement: normalised radar
€ cross-section (NRCS, ‘baekscatter,

. ¥ o SO) v:,. = . . ~a

" ~A sSwathgridded into nodes (25 km
and 12.5 km:spacing), one friplet
of averagedbackscatter -
measurements per ngge ‘
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‘s_e‘r\‘/atlon geometry

o

e ;~_. *® - ,"
A" Each swath is divided into 21
_» Wind Vector Cells (WVCs) fo
the 25 km product

¢ A“For the 12.5%m produ'Cf 43
. ¥ W\VCs exist on each side




representation

Wind scales

Wind speed (m/s)

Distance (km)

We estimate aremean (WVC). winds usmg the emplrlcal GMFs

eal winds are léss extreme tharmjﬁute sustained |n
9. from buoys) - ¥

me buoy winds should be higher than extremes.
ieter winds (allow. for gustiness factor)

P winds are again sommewhat lower dué:to lacking
resolution : . -

o

25
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Scatterometer wind speed (m/s)

Seatterometer u compaongnt (m/s)
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Collocation result - speed (2643 wind vectors)

Buoy
verificatio

5 10 15 20
Buoy wind speed (m/s)

Collocation result - u (2644 wind vectors)

PR B T S R S
-10 0 10 20
Buoy ucompanent (m/s)

Scatterometer wind direction (deg)

Scatterometer v component (m/s)

Gollocatlon result - d|ract|0r1 (2260 wind vacmrs}

Buoy wind direction (deg)

C0| Iocatmn rasuli v {254-4 wi nd vectors)
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‘November 2012
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20 -10 'D 113 20

Buoy v component (m/s)



HESE iy
SeaWinds 25| SeaWinds 25
KNMI USA
u SU SV Su SV
[m/s] | [m/s] | [m/s] | [m/s] | [m/s] | [m/S]
1.70 | 164 | 1.76 | 1.83 | 219 | 1.99
U Jal € JC 0 [
g DISIE A A 0 and @ /Z
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12.5 km coastal product

| Bias ASCAT (m/s)
Bias ECMWF (m/s)

M8 Trend ASCAT
= Trend ECMWF

s ASCAT (m/s)
s ECMWF (m/s)
S buoy (m/s)

tterometer scale (25 km) e SR ) s

Y=
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~ product

{rConvective: |
- systems -
(0 SST

.+ U Currentss
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SCAT: 2008113 EEEDE HIRLAR: 200812131546 lat lon:
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The radar signal is attenuated by the rain as it

travels to and fronm d,he
Retrieved wind speed

The radar signal is scattered by the raindrops.
Some of this scattered energy returns to the

instrument A U,
Retrieved wind speed (to ~ 15 m/s)
Directional information can be lost
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