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1 Introduction

1.2.2 Satellite SST Spatial Precision

The quality of a complete 2-demension

satellite-derived product include two measure :

« 1 Accuracy: the measure to the absolute
error of the product parameter, the
uncertainty of the retrieved SST relative to

the actual SST

« 2 Spatial Precision: the measure to the
spatial content quality of the field, the
pixel-to-pixel uncertainty in SST in a single

image
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Skin/Subskin SST Retrievals in Satellite Coordinates
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The error budget developed by the NASA-NOAA SST
Science Team for stellite-derived SST fields.



2 Data

2.1 Suomi-NPP/VIIRS SST

Suomi-NPP Parameters

Mission Type  Meteorology Launch Site
NASA/NOAA/  Reference
Operator
DoD System
Mission
5 years Orbit
Duration
Semi-major
Launch Mass 2128 kg _
AXIs
Payload Mass 464 kg Perigee
1.3mX13
Dmensions Apogee
mX4.2m
Launch Date 28 Oct. 2011 Inclination
Deltall 7920-
Rocket Period
10 D357

Vandenberg

SLC-2W

Geocentric

Polar-orbiting

7204 km

833.7 km

834.3 km

98.7°

101.44 min

Ozone Mapping and
Profiler Suite (OMPS)
Clouds and the Earth’'s

Radiant Energy System
(CERES)

= Advanced Technology
Microwave Sounder (ATMS)

Cross-track Infrared
Sounder (CrlIS)
Visible Infrared Imaging

Radiometer Suite (VIIRS)

Suomi-NPP and the loading



VIIRS Level-2 SST
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AVHRR, MODIS, VIIRS NETD(Seelye, 2014)

AVHRR  Wavelength NETD (K) MODIS  Wavelength NETD (K) VIIRS Wavelength NETD

Band (pm) Bt (pm) Band (pm) (K)
1 0.58-0.68 10 0.483-0.493 M4 0.54-0.56
2 0.725-1.0 16 0.862-0.877 M7 0.85-0.88
3A 1.58-1.64 1.58-1.64 0.07
3B 3.55-3.93 0.1 14 3.55-3.93 0.07
20 3.660-3.840 0.05 M12 3.66-3.84 0.04
22 3.929-3.989 0.07 M13 3.97-4.13 0.08
23 4.020-4.080 0.07
4 10.3-11.3 0.1 31 10.78-11.28 0.05 M15 10.3-11.3 0.04
5 11.5-12.5 0.1 32 11.77-12.27 0.05 M16 11.5-12.5 0.07



AVHRR/3

AVHRR/3 Band Characteristic
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The AVHRR product used was derived with the Pathfinder retrieval algorithm.
Retrievals were performed at the University of Rhode Island. i



2.2 In-situ Data

. The Oleander project began in 1992 as an effort to conduct high-resolution upper-
ocean velocity measurements on a sustained multiyear basis.

. In the past 15 years of this project, upper-ocean velocity and near-surface
temperatures have been sampled by an acoustic Doppler current profiler (ADCP). and
two mounted in the hull of a container vessel (CMV Oleander) that operates weekly
between New Jersey and Bermuda.

Temperature
guard

Thermistor

CMV Oleander 8



When the speed of the ship is 16 knots, the spatial resolution of TEX is 75
m. TEX data for the period September 2007 to fall 2013 were obtained

SBE38 Parameters

Accuracy (K) Resolution (K) Resposible Sample Interval
Time (S) (S)
0.001 0.00025 0.5 10
25
A24.5*
ii 24+ A

235} WW

23 L L L L L L L L
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Samples

TEX Data 9




2.3 Research Area

Satellite Data Area:32’N—36°N,

63" W—72°'W.
]

;}’ 118

VIIRS Level-2 SST

Oleander track(black line) and

research area(blue frame)

2.4 The Study Period

The analyses presented here are
based on SST fields from the summer
of 2012 only — June, July and August
because the summer months are
substantially less cloud contaminated

than the other seasons.
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3 Data Preprocessing

3.1 Satellite Data Preprocessing
3.1.1 Data Classification
« Classification:

1 The satellite-derived SST fields evaluated here are obtained from
scanning radiometers, the characteristics of which may differ in the along-
scan versus along-track directions. This is indeed the case for VIIRS due
to the use of multiple detectors for each scan, which results in striping of
the fields (Bouali and Ignatov 2014). The decision was therefore made to
separate the data into along-scan and along-track sections.

2 The data were farther divided into day and night fields to allow analysis
of the possible effect of diurnal warming on the spectral characteristics of
the fields.

Non-overlapping sections with 256 pixels were selected.
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3.1.2 Data Selection

5 Along-Scan Pixel Separation
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AVHRR Along-Scan
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3.1.3 Gap Filling

Gaps were replaced using a Barnes filter if 13 of the 24 pixels in a 5x5 pixel square
surrounding the pixel of interest are cloud-free, otherwise the pixel remains flagged
as missing. This corresponds to a decay scale associated with the averaging of 1.5
km for VIIRS and 2 km for AVHRR. Following this gap filling, all complete (no missing
values) 256 pixel, non-overlapping sections in the along-track direction meeting the
distance from nadir criterion were selected as were all non-overlapping along-scan
sections. More than 6% of the pixels were filled on <10% sections.
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3.1.3 Gap Filling

The impact of gap filling, the “worst case” test.
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Less than 0.6% of all values contributing were replaced with the Barnes filter.
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3.1.4 Interpolation to Equal Spacing

1I(E)iandom Noise PSD by Interpolation Method

—— Cubic spline
—— Nearest neighbor
——Linear

Power Spectral Density (K2/m)
=y
[=,]

10°® 10 107 1073
Wavenumber (m'1)

Spectral response of the interpolation methods applied to white noise.
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3.1.4 Interpolation to Equal Spacing

Tablel Number of sections meeting the given selection criteria

Day Night

4400km

42N}

Along-Scan | Along-Track | Along-Scan | Along-Track

VIIRS - JPSS 126 517 561 615 40N

4[4 300km

38N -

AVHRR - Pathfinder 266 256 104 193

200km

Table 2 Grouping of along-scan sections based on
mean pixel spacing of the temperature section.

o |
|| 1 00km

Group 1(m) | Group2(m) | Group3(m)

location of sections extracted from VIIRS
VIIRS 770-805-820 | 860-885-910 | 940-995-980 SST fields

AVHRR 760-765-810 | 820-865-920 | 940--947980

17



3.2 In-situ Data Preprocessing

. The number of Oleander TEX sections for the summers of 2008-2013 is 42.
. MV Oleander crosses the study area: 20 hrs

. TEX sample depth : 5 and 6 m below the surface.

. Gap filling : Barnes filtering(decay scale of 0.2 km)

0} v

. Interpolation to equal spacing: Nearest neighbor interpolated

The mean spacing over all sections: 74.9 m (with a minimum of 74.6 m and a maximum
of 75.0 m).

18



VIIRS SST fields spectra

VIIRS night along-scan spectra provide

excellent estimates of the slope from 0.75 104;’

km ~ 50 km. "

Spectra energy: day > night. £

Spectral peaks along-track: gm ,

1.5,2.2,2.9,12 km o

VIIRS spectra are more energetic than 1o
the in situ spectrum
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VIIRS/TEX spectra energy difference:

Satellite-surface vs in situ-approximately
6 m.

Satellite-averages over regions 750x750
m?2 vs in situ-averaged over order 10
point samples, an approximately 750 m
long section.

Satellite-sections are closer to
meridional and zonal vs in situ-sections
trend northwest-to-southeast.
{Tandeo0:2014ei} and obtained from P.
Tandeo, Anisotropy ratio: ~0.70, and,
both the along-track and along-scan,
daytime and night-time spectra are
higher than the TEX specturm.
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4.3 AVHRR SST Fields Spectra

Elevated energy at scales < 70 km

Levels off at scales <10 km

Little difference on energy and

slope between the four sets of data.

The instrument noise associated
with the AVHRR overwhelms the

day-night spectral differences.
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4.4 Comparison between the spectra of VIIRS and AVHRR SST fields

VIIRS & AVHRR Along-Scan
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Oleander Spectrum
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Spectra Approach:

v(slope, intercept, noise) = :E-’zl ((1ﬂ(51ﬂre-=£|:r,-:}mk[+Eﬂterceptj + ﬂﬂiSE) _ Psﬂr:sar)

Three assumptions to determine the instrument noise:

1) The log,, of the geophysical power spectral density in the study area falls off linearly with log,,
of the wavenumber over the spectral range sampled by the satellite-borne sensors (1.5 km to 100
km).

2) The spectrum continues to roll-off with approximately the same slope, at wavenumbers larger
than those associated with the Nyquist frequency of the satellite temperature sections.

3) The instrument noise for both sensors is white; i.e., that it contributes equally at all
wavenumbers associated with the given temperature sections.

Steps to estimate noise:

7

Best fit slope, intercept

7
y(a) = YN (pspfmuated gy — pspP® /" (slope, intercept))?

26



Power Spectral Density (K2 m'1)
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Variogram approach:

xory

]"(ﬂxnry) = cr,f + 52(1 — E_(A L )W}

0,2 referred to as the nugget, is the variance of the difference in the
retrieval at a given location from that at a neighboring location as the
separation between the two locations goes to zero

o2 : the instrument noise in this case.lt depends on the variance in the

atmosphere, the variance of the surface emissivity, instrument noise, etc.

So, 2

2 2 2
0% = Ogeo + (Oretrieval — 90)

. Z(sys )| SST(s)—SST(s) ’
]"(ﬂxnr}') = I( -~ - )
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AVHRR:

Instrument Noise: 0.17 K ~ 0.22 K.

Daytime values were virtually identical to
nighttime values.

Estimated instrument noise in satellite-derived SST fields.

] ] Method
The noise estimated by the 2 methods are
similar.
Spectra
VIIRS:
_ AVHRR _
Instrument Noise: 0.02 K ~ 0.08 K on the scan P Variogram
athfinder
geomet_ry' _ _ Upper Limit
Daytime values ~= 2 X Nighttime values
(Diurnal warming) Spectra
Along-track values ~= 1.5 X Along-scan VIIRS Variogram
values (multiple detectors banding) IPSS
The spectral approach is thought to be the Upper Limit
more accurate(aliased energy at higher
wavenumbers than those sampled are
compensated for .
P ) Upper Limit :  o2(Axy,) =

Day (K)

Along-
Scan

0.172+0.001
0.185=0.004
0.189
0.046+0.001
0.081+0.013

0.078

200 + 0fep(Bxpin) = o

Along-Trac
k

0.209+0.001

0.219+0.006
0.218

0.076=0.002

0.097+0.006

0.101

Night (K)
Along- Along-Trac
Scan k
0.173£0.003  0.209+0.008
0.183+0.001 = 0.219+0.006
0.194 0.208
0.021+0.001  0.032+0.002
0.042+0.004  0.056+0.004
0.050 0.057
- o (Ax min/
= Wz
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How does noise impact satellite-derived SST gradients?

Simulate 10,000 3x3 pixel squares for a fixed gradient in x, 0 iny.

Added Gaussian white noise to each of the elements.

Applied the 3x3 Sobel gradient operator in x and.

Determine the y and o of the resulting gradient components and the gradient

magnitude
Performed the above for:

0.01 K/km < 2 < 0.1 K/km

0.001K < ¢ < 0.2 K|

Mean Gradient Magnitude (K/km)

£ 0.1 0.14
=< 0.08 0.12
< 0.6 008
& 0.04 0.06
3 0.02 0.04
5 : , 0.02

Slgma (K)
Sigma Gradient Magnitude (K/km)

= 0.1

éoos.k ai
=0.06 0.04
& 0.04

S 0.02 0.02
G

Slgma (K)




Impact of noise on the Sobel Gradient.

The impact of noise on the determination of SST gradients: On average
— The mean noise of x- and y-components aren’t affected by instrument noise.
— The standard deviation of x- and y-components is approximately

« 1% of the imposed noise level
» Independent of the underlying gradient.
— The gradient magnitude for typical ocean gradients is
» Accurately estimated with VIIRS
» Substantially overestimated for AVHRR.
— The standard deviation of gradient magnitude estimates:
* Increases with the underlying gradient
« Butis in general smaller than that of the individual components;

approximately 1/3 of the imposed noise.
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* Pixel-to-pixel noise in AVHRR and VIIRS L2 fields

AVHRR noise (0.2 K) is significantly larger than VIIRS noise (0.05 K).
Along-track noise is larger than along-scan noise

Daytime levels are higher than nighttime levels.

For AVHRR, the two methods provide very similar results

For VIIRS, spectral estimates tend to be between 50% and 70% of those based
on the variogram.

e \Which method to use to estimate instrument noise:
o The variogram for instruments with noise > 0.1 K;;

It requires significantly less preprocessing than the spectral approach

o For the higher quality instruments

= The variogram provides an upper limit on the estimate
= But needs work for a more accurate estimate.
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