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Results (JFY2019-2020) : Diff. SST between AMSR2 and iQuam v2.1

iQuam SST vs. AMSR2 SST
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Results (JFY2019-2020) : Diff. SST between AMSR2 and iQuam v2.1
iQuam SST vs. AMSR2 SST
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Results (JFY2019-2020)
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g Matsuoka et al. (2016, Remote Sensing of Environment)

Minnett, P.J., Kaiser-Weiss, A.K., 2012. Group for High Resolution
Sea-SurfaceTemperature Discussion Document: Near-Surface

Oceanic Temperature Gradients (7pp.) v" Wind mixing
A B Strong wind - skin temperature = SSTdepth
; N5a|.:.ty - 3 fSILVl - = AMST SST will be same as in-situ SST
N ® R 8 8 g ° g 2 2 v Freshwater due to river discharge and sea ice melt

Yamamoto-Kawai et Salinity stratification induce efficient uptake
1997 A% N £.7 2 al (2009, Science) of shortwave radiation
ol - = AMSR SST > in-situ SST

Level-3 AMSR2 SST and iQuam SST showed

v Underestimation of SST in the polar ocean

v This underestimation is not related to bulk-
skin problem nor salinity stratification
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In JFY2021, we conducted analyses below.

v’ Level-2 AMSR2 SST vs. iQuam v2.1
Level-2 AMSR2 wind speed is used as the threshold. We made a strict comparison in
the spatiotemporal direction.

v Revisit theoretical equations for emissivity and brightness

temperature
We investigated the dependency of emissivity and TB on temperature and
salinity.

v’ Estimation of Surface Mixed Layer Depth and Ocean Heat

Content
SMLD and OHC were estimated using corrected AMST2 SST based on the methods
described by Mizobata and Shimada (2012).
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§ SST mean (°C)

ASST (AMSR2 - iQuam) vs. Wind speed
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Figure 6. The bias (AMSR2 minus in situ SST) as a function of wind speed, separated
into day and night observations.
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Gentemann and Hilburn (2015)

“At winds below 6 m/s the nighttime bias stays close to 0 K while the daytime bias

increases at decreasing wind speeds, reaching a maximum of over 1.25 K at 0
m/s. This is a typical of diurnal warming [Gentemann and Wentz, 2001].

Therefore, to avoid collocations with diurnal warming, all collocations between 10
a.m. and 4 p.m. (local time) with wind speeds less than 6 m/s are excluded from

the analysis.”

This study

The variability of the water temperature error becomes larger
when the wind speed is small. However, unlike Gentemann and

Hilburn (2015), we cannot conclude that this is diurnal warming

in the observed time.
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the wind speed and is used in the subsequent analysis.
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Difference of SST between AMSR2 and iQuam v2.1

Distance between iQuam and AMSR2 L2 Ver. 4 : Max. 12km
Difference in observation time : within 2 hours
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(a) Change in average surface temperature (1986-2005 to 2081-2100) . .
Although the RMSE was within

0.5 K, the underestimation bias
in the low temperature region
will need to be resolved for

: evaluation of the global warming,
T — especially in the polar oceans.
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E = Ey+ AE,, + AE, «

T

“the isotropic wind-induced emissivity”
depends on wind speed W, f (radiation frequency)
and 6(Earth Incidence Angle).

“the wind direction signal” depends on wind direction
¢ relative to the azimuthal look, fand 6.

“The emissivity of the specular ocean surface E, depends on f, 6, T,
and S. The emissivity of the specular ocean surface E; is by far the
largest part.”

Meissner and Wentz (2012)
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Ocean Surface Emissivity, E, & Dielectric constant

Emissivity Eop=1- |7’”p|2

. e cos(f) — \/5 — sin?(0)

Ty =
ecos(f) + /e — sin?(0)
Reflection coef. -
cos(f) — \/5 — sin®(#)
rh = : (1)
- cos(f) + /e — sin”(0)
Dielectric constant with a double Debye relaxation law
Static dielectric constant Intermediate frequency Dielectric constant
for pure water dielectric constant At infinite frequencies
ST, S) = es(T,S)—e1(T,S)  e1(T,S) —exo(T,S)
O 1+ap/in (T, S) 1 +iv/a(T,S)
frequency lz‘il(]alz(:::(?; _|_ Eoo(T S) _ ‘l, O.(T S) (6)
(2meo)v

Meissner and Wentz (2004)

The Joint Pl Meeting of JAXA Earth Observation Missions FY2021



Ocean Surface Emissivity : Dielectric constant

(T, S) = i _m m Eoo (1, 5)

1+ v/ (T,5) 1 +iv/in(T,S)
co(T, S)

7.5))=
(T,5)|=
e1(T,S) —:—6-1-(_1:,-5"—-6-)—' exp[be.S + b75% + bgT'S]
(1, 5)
(T',5)

=v(T, 5= 0):[1+ 8- (bo + b1oT)]

=leoo(T,8 = 0):[L+ 8- (b1 + b2T)].  (17)

------------ 5 3.70886 - 10* — 8.2168 - 10'T

| |
:__&j_g_ﬂ_f_f_?_f____:___?__)_:= 128510247 )
(1,5 =0)=ayg + a1 T + ax1?
SooIooIooIIos A5+ T
i (T,S =0)i=
:I:',lz(::i'::::::);I az + asT + asT?
EEDO(Ta S = O): = a¢ + a7l
""""""" 5+T
va(T, 5 =0) = i . (8)

Meissner and Wentz (2004)
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Ocean Surface Emissivity: Conductivity of Seawater
SS(Tvs)_El(Tv S) EI(T:S)_SOO(Tv S)

T —
(15 5) L +iv/n(T,S) L+ iv/vs(T, 5)
lo(T, S
+exo(1,5) — Zlﬁl' (6)
Conductivity of seawater R ( S)
T

(11)

U(T, S) — O'(T,S — 35) y Rls(S) '

R15(S)

o(T, S=35)=2.903602+8.607 - 1072 - T+4.738817 - 10~*
T%-2,991+107°% . T3 +4.3047 - 1077 . T*
(12)
(37.5109+5.452 16 - S+1.4409 - 102 - §?)

Ry5(5) =S - (1004.75+182.283 - S+ S2)
(13)
Rr(S) ao(T—15)
R15(S) (a1 +T) v
. —_ * _2' 2
oy = (60431432841 - S-9.9486 - 1072 §%) |

(34.850+69.024 - S+ 52)

oy =49.843-0.2276 - S+0.198 - 1072 . 2, (16)
Meissner and Wentz (2004)

*We checked conductivity of Seawater from the Thermodynamic Equation Of Seawater -
2010 (TEOS-10), but there is NO big difference.
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E = Ey + AE,, + AE,

The emissivity of
the specular ocean surface
in T-S plane
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In the cold region like polar ocean,
the effect of salinity change on the change in E, becomes large.
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Brightness Temperature in T-S plane

Brightness Temperature (deg K)
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KS77-based LUT leads underestimation of SST.
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Dif. T (IQuam — AMSR2) vs

SMOS SSS vs. SST error
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Corrected AMSR2 SST in the Arctic Ocean using SMOS SSS
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By adding corrections, we were able to improve SST in the low temperature
region.
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Estimation of Surface Mixed Layer and Ocean Heat Content

Deep-Sea Research 11 77-80 (2012) 62-69

Contents lists available at SciVerse ScienceDirect

Deep-Sea Research Il

journal homepage: www.elsevier.com/locate/dsr2

East-west asymmetry in surface mixed layer and ocean heat content 400
in the Pacific sector of the Arctic Ocean derived from AMSR-E sea
surface temperature
Kohei Mizobata*, Koji Shimada 350
Department of Ocean Sciences, Tokyo University of Marine Science and Technology, 4-5-7 Kounan, Minato-ku, Tokyo 108-8477, Japan
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Fig. 3. Vertical profiles of potential temperature obtained in September, 2008, during

the R/V Mirai cruise. Dotted, dashed, solid lines indicate the temperature profile at the and NCEP/NCAR heat budget in (A) 2007, (B) 2008, (C) 2009 and (D) 2010.
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Estimation of Surface Mixed Layer and Ocean Heat Content
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Estimated SML depth and OHC from 2012 to 2019

Deep mixed layer @ M2 critical latitude (Furevik and Foldvik, 1996, JGR-O) ?

Surf. MLD (m)
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Estimated SML depth and OHC from 2012 to 2019

Using corrected AMSR 2 SST & NCEP/NCAR Reanalysis
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» AMSR2 SST (A & D, after the impact of wind was removed) tends to be lower than
the in-situ water temperature in the low-temperature region.

» The emissivity of the specular ocean surface (E,) was examined. In the cold region,
the dependency of E, on salinity change is expected. Underestimation of SST in
areas where sub-pixel contamination of sea ice is expected may also suggest
dependence on sea surface salinity.

» Current SST algorithm is based on a model for the dielectric constant of seawater
(Klein and Swift, 1977). In this study, TB based on KS77 and MW12 was
examined. Our result suggests KS77 will lead to underestimation of SST due to the
Impact of salinity in low-temperature region, such as the Arctic Ocean.

» Empirical correction using AMSR2 SST and SMOS SSS was applied.

» Using corrected AMSR2 SST and NCEP/NCAR reanalysis dataset, realistic surface
mixed layer depth and ocean heat content were estimated based on Mizobata and
Shimada (2012).
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Supplemental information



Estimated SML depth and OHC from 2012 to 2019

Using original AMSR 2 SST & NCEP/NCAR Reanalysis
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Possible suspects for scattering in cold area
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v" Wind mixing
Strong wind = skin temperature = SSTdepth 1997
= AMST SST will be same as in-situ SST

Yamamoto-Kawai et al.
(2009, Science)

v" Freshwater due to river discharge and sea
ice melt
Salinity stratification induce efficient uptake 2008
of shortwave radiation, i.e., enhancement of
skin temperature vertical gradient of
temperature = AMSR SST > in-situ SST
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Difference of SST between AMSR2 and iQuam v2.1
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Introduction
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Sea ice distribution in AMSR2 footprint

March 13, 2020

a) MODIS False Colour (13:05 UTC) b) Merged SIC (1 3:05/13:09 UTC)
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Standard deviation of SIC inside AMSR2 footprint

Sea ice distribution in AMSR2 footprint
Color -—> number of sea-ice pixel of High res. Sea ice map

6 —
MODIS-AMSR2 merged 1-km sea ice concentration dataset is used
(https://seaice.uni-bremen.de/sea-ice-concentration/modis-amsr2/)
5 - L We expected overestimation of
SST (positive dif. SST) due to
°® .. sub-pixel contamination of sea ice.
o ® o .
4 r In fact, AMSR2 underestimates
o: Lol sea surface temperature in areas
@.O where sea ice is present in the
;Lo & Qo o footprint, suggesting de_pe_zndence
° o8 of E, on sea surface salinity.

Dif. SST (AMSR2 - iQuam)
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Standard deviation of SIC inside AMSR2 footprint

Sea ice distribution in

“pseudo” AMSR2 footprint
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