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What is a daily SST?
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Upper Ocean Thermal Structure

Tfm perature Temperature
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Summary of empirical models

Model Inputs

Qutput

Max (K) Min (K)

L9l u Cr

W96 Uy Qmas P

KK02 skin Uay Qmax

KK02 bulk Ugy Qmax

CGO03 Uingt Qay

ASM sub-skin  ug.s Us.12 U12:15 Wis.24 Qs.12 Qi2-18
ASM bulk Ug.g Ug.12 Wiz.15 Wie24 Qs12 Qr2.18

DWpeak
prcak
DWpeak
DWeax
DW(t)
DW(t)
DW(t)

2.4 0.75
2.4 -0.30
13.5 0.0
2.8 0.0
2.8 0.0
14.5 0.0
4.0 0.0

* Bulk — no vertical structure, fast
* Turb. Models — vertical structure, slow
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Measurements at the ocean surface

* Few measurements of diurnal warming at the
air-sea interface exist

* Most research / model development use in
situ observations at depth or extrapolated

from 0.5m or 1.0 m to the ocean surface

* Extrapolation done using bulk (PWP, Fairall,
Kraus-Turner, or turbulence closure models
(Mellor,Yamada / Kantha/Clayson)
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AVHRR diurnal warming
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CG

ASST, (t.0,u) = f,()[(Q- O )- 9.632x10 (0~ 0! ) Je -4

O = insolation ; ¢ =local time , u =wind speed ;f(¢) = truncated Fourier Series

as wind increases, equation approaches 0

Q <Q,,equation =0

a4

WWind Speed (m5'1) Insolation (Wm'z)

Gentemann, C. L., C. J. Donlon, et al. (2003). “Diurnal signals in satellite sea surface temperature
measurements.” Geophysical Research Letters 30(3): 1140.
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2 TMI/PF Model and Dafs™
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Low winds
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SSM/I wind speeds 1995-1999 highlight
regions where indirect validation should be
targeted. Average wind speed is 8.3 m/s and
30% of winds are < 6 m/s. 3% of winds are
less than 2 m/s.
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10m Wind Speed (m/s)
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4 research cruises + Explorer

Aurora
— Ewing
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All M-AERI DW

0 5 10 15 . 0 500 1000 I 5 10
i wind (ms™ + i @ty wind (ms™
* *

400 600 800 1000 120
LMT (hr) Wind (ms™") Q,,, (Wm?)

/2 days with diurnal warming

All DW > 4 K from Melville cruise in Gulf of
California

Peak warming not at peak insolation
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Compare data & models

10 15 20
LMT (hrs) Wind Speed (ms™)
—— F96

POSH
CG04
— ASM bulk

ASM sub-skin
MAERI Data




Remote Sensing Systems ,(
WWwWWw.Iremss.com

TOGA-COARE (F96)

2] Static stability and mixed layer stability
— ol are enforced, but not shear layer
pcp DT instability
Once incoming (solar and LW) heat flux
exceeds the outgoing heat flux
(sensible, latent, LW radiation, the

diurnal warm layer forms a separate
layer within the mixed layer

Surface inputs of heat and momentum
are confined within this layer.

Using the 1D heat & equation of state
you can determine the diurnal heating at
the surface

Require the bulk Ri to be 0.65, to
determine the depth of the warm layer
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* Profiles of Surface Heating (POSH)
— F96
— Absorption
— Dissipation of heat/momentum

— Structured profiles of temperature within
the warm layer (CG empirical or
Kantha/Clayson (WICK) profiles)

POSH
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Dimensionless DW profilé
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Comparison throughout the day

Comparison Mean Bias (K) STD(K) Number Obs
FO5-MAERI -0.00 0.42 9680
POSH-MAERI -0.07 0.36 «— 9680
CG04-MAER] -0.04 0.37 9680
ASM bulk - MAERI 0.05 0.47 9680
ASM sub-skin — MAERI 0.13 0.44 0680

10 15 20
LMT (hrs)
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Peak at solar noon

Explorer:2002

Bias STD - - DI

Fo96 0.13 0.37 I 400 GO0 800 1000 1200
POSH 0.150.16 Insolation (Aim)

ASM, 0.28 0.52
ASM 0.50 0.49

X WQG

o KKo2
Wind Speed
MAERI DV

Wind (m/s)

1941 194.2 194.3 1944 1945 194.6 194? 1948 1949 195 1951

Depth (m)

| | | | | |
1941 1942 1943 1944 1945 1946 1947 1948 1949 195 1951
Date (LMT)
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Conclusions

* The variability in warming and total daily heat available
from the surface are not well represented by a single point
such as the KK02 or K96 models

Explorer:2002

35F
Bias STD R

F96 -012 037 3F 200 400 600 oS00 1000 1200
POSH -0.06 0.22 e 2.5¢F

ASM,  -0.02 0.52 2
ASM 0.16 0.48 1.5}
X WQB

o KKo02
Wind Speed
MAERI DV

0.5

-0.5

I I
821 822 823 824 825 826 827 828 829 83 831

| |l | | | | | | |
821 822 823 824 825 826 827 828 829 83 831
Date (LMT)
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Conclusions

* CG04 model has largest errors in the late afternoon or
evening when there is a sudden drop in wind speed.
Diurnal warming is then over estimated by CG04 model

Ewing:2001

Bias STD . |

F96 -0.080.17 200 400 600 800 OO0 1200
POSH -0.120.16 nsolatiorpgpiim

ASM,  -0.08 0.15 .
ASM_ -0.08 0.15 1 "
X W6 ' iy ‘ YAk .oy
o KK02 5 < S e
Wind Speed 3 -- PPt : Y
MAERI DV w
-0.5

245 1 245 2 245 3 245 4 245 5 245 6 245 7 245.8 245 9 246 246 1

=3
(]

Wind (m/s)
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Conclusions

* F96 model is too small and tends to overestimate warming in
afternoon (due to the accumulation of heat)

* POSH model responds rapidly to the onset of warming and
decreases realistically in afternoon. Additionally model
returns information on warming profile within the warm layer

Explorer:2003

Bias STD 3 ]
F96 0.03 0.49 : 200 400 600 200 1000 1200
POSH 0.07 0.28 B Insolation (Aim?

ASM, 0.26 0.59
ASM 0.26 0.60
X WQG

o KKz

Wind Speed
MAERI DV

1181 1182 1183 1184 1185 1186 118?r 1188 1189 119 1191

| 1 I | |
1181 1182 118.3 118.4 118.5 1186 118.7 1188 1189 119 1191
Date (LMT)
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Conclusions
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Comparison

Mean Bias (K)

STD (K)

Number Obs

PWP-MAERI
PWP3-MAERI
CGO3-MAERI

ASM bulk — MAERI
ASM skin - MAERI
W96 — MAERI
KK02 - MAERI

-0.47
-0.32
-0.34
-0.51
-0.27
-0.13

0.18

0.66
0.55
0.61
0.77
0.63
0.76
0.78

72
72
72
72
72
72
72

10 15 20
LMT (hrs)

Comparisons at solar
noon: models do not
model variability well
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Conclusions

* Accuracy of CG04 model indicates that it is useful,
especially for for polar orbiters w/ 2AM/PM LECT while
POSH more useful for geo-stationary satellites,
understanding intra-day variability, and vertical structure.

Comparison Mean Bias (K) STD(K) Number Obs
FO5-MAERI -0.00 0.42 9680
POSH-MAERI -0.07 0.36+— 9680
CG04-MAER] -0.04 0.37 — 9680
ASM bulk - MAERI 0.05 0.47 9680
ASM sub-skin — MAERI 0.13 0.44 0680




Remote Sensing Systems ,(
WWwWWw.Iremss.com

Global distribution

SSMI Winds: Diurnal Mean
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Diurnal Time series

Diurnal Warming at 8OE, ON
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Diurnal Time series

Diurnal Warming Difference from Fit at 80E, ON
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Change

* Change in wind patterns lead to
changes in the vertical structure of
surface heating

* Heat available to atmosphere
* Clouds/convection/feedbacks
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Conclusions

* Look at wind fields to understand
diurnal variability

* There are air-sea feedbacks: cold SSTs
stabilize the MBL, lower wind speeds at
surface, which result in more surface
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* In the tropics it is highly likely that in situ
observations are affected by diurnal

warming.
* We see in ALL buoy arrays clear
warming

conclusions




