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Underwater glider deployments Connecting observations
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What are the uncertainties in air-sea heat flux
estimates from a sailing USV?



Air-sea heat flux

Qnet = Qsw + Qrw + Qsy + Qry
Total Radiative Turbulent

Latent

Qua = pLyCgU(Qair - Usge) What do we need to measure?

 Winds relative to the ocean

* Air and sea surface temperature

Sensible ey

Usy = pCpCHU(Tair = Tsfc)






Sea surface temperature,
salinity, pressure




34°S

36°S

40°S

([ SB Kringla
m SB PimPim

22°E

R/V Roger Revelle

'~ Edholm etal., in prep ¢

24°E

! |
N oW S
o S B
MISS|On day

|
SN
(&)

o O
)

AN
-

1
N
o

w
S
Mission day

|
—_
(&)

©



500 km

400 km -

300 kmj

200 km

100 km-

0 km

Distance to ship
— SB PimPim

ERAS

ERAS

ERAS

ERAS

ERAS

ERAS

ERAS

ERAS

ERAS

ERAS

ERAS

ERAS

SB

ERAS

ERAS

05
Mar

ERAS ERAS ERAS ERAS ERAS
ERAS ERAS ERAS ERAS ERAS
ERAS ERAS RAS ERAS
ERAS ERAS ERAS ERAS ERAS
ERAS ERAS ERAS ERAS ERAS

10
Mar

15
Mar

20

Mar

25

Mar

30
Mar

ERAS

ERAS

ERAS

ERAS

ERAS

ERAS

ERAS

ERAS

ERAS

ERAS ERAS ERAS ERAS ERAS
ERAS ERAS ERAS ERAS ERAS
ERAS ERA5 ERAS ERAS ERAS ERAS ERAS5
ERAS ERAS ERAS ERAS5 ERAS ERAS ERAS ERAS ERAS ERAS5
ERAS ERAS ERAS ERAS5 ERAS ERAS ERA! ERAS
ERAS ERAS ERAS ERAS ERAS
ERAS ERAS ERAS ERAS ERAS

ERAS ERAS ERAS ERAS ERAS
ERAS ERAS ERAS ERAS ERAS

ERAS ERAS
ERAS ERAS ERAS ERAS )
ERAS ERAS ERAS ERAS ERAS

ERAS ERAS ERAS ERAS ERAS
ERAS ERAS ERAS ERAS ERAS
ERAS ERAS ERAS ERAS
ERAS ERAS ERAS ERAS ERAS
ERAS ERAS ERAS ERAS ERAS




500 km

400 km -

300 km

200 km

100 km

0 km

Distance to ship
— SB PimPim

oM

200

o5

Wind speed

10
Mar Mar

Distance (km)

-50

-100

-150

-200.

=200 -150 =100 -50 0 50

Distance (km)

15

Mar

3.0

p—y jary N N
o w o w

RMSE to central grid cell (m's ~%)

o
wn

0.0

Distance (km)

-200

50

Mar

25

Mar

Wind speed

35

Mar

=200 -150 -100 -50 O 50

Distance (km)

100

RMSE to central grid cell (ms ~1)

ERAS ERAS ERAS ERAS ERAS
ERAS ERAS ERAS ERAS ERAS
ERAS ERAS SB ERAS ERAS
ERAS ERAS ERAS E ERAS
ERAS ERAS ERAS ERAS ERAS




Distance (km)

Wind speed Air temperature

Wind speed Air temperature

200 3.0 200

1.2

150 150

N

wm
ey
o

100 100

n

=)
o
©

-
w

RMSE to central grid cell (m s -1
o
o

RMSE to central grid cell (°C)

-50

_.
o

o

»

-100

o
3]
o
)

-150

00 _

=200 -150 -100 -50 O 50 100 150 200 ’ 20900 150 100 -50 0 50 100 150 200
Distance (km) Distance (km)
3.0 ,
e Median —— 20 km median : 1.2 t i ' ik

« Alldata —— 20 km median

N

w
—_
o

N

o
©
o

o
'S

o
N

RMSE with central grid cell (°C)
o
o

RMSE with central grid cell (m s -1

o
o

0 20 40 60 80 100 120 0 20 40 60 80 100 120
Distance (km) Distance (km)



Wind speed
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Uncertainties in Q, .,

Ship observations .
/\ = Errorin Q.
RMSE/Accuracy

Wind speed Air temperature Humidity

Accuracy of the sensors +3.6 -8.6 -12.2
Uncertainty of the observations +29.0 -10.9 -12.5
Accuracy of the sensors +9.3 -19.0 -
Uncertainty of the observations +39.0 -21.0 -

Accuracy of the sensors +1.9 3.4 -7.0



Mixed layer velocities
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Conclusions

Uncertainties in air-sea fluxes stem mostly from sensor noise for air
temperature and humidity

Wind creates the biggest error in Q, ., — gustiness and wave sheltering

Reliable observations of humidity at the sea surface

10-minute mixed layer velocities and features improve the relative
wind estimate, particularly in high current areas.
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SUPER SECTRET SLIDES
(don't look)
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SST/SSS Bias

~1.449
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Flow field distortion
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