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il - effects.
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i of PMC presence.
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LP slit on Earth limb o Spectra of Singl Sit Image of Earth View Data
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| k- s CCDs. LI_3 radiance data for single event
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L e e » Nadir Profiler (NP) measures between slits, along orbit, and during e | T E m b
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S using backscattered UV. 250 measurements typically capture full E E E
vo-14 seov/e N N km x 250 km footprint, spectral PMC vertical extent, Northern : : : I I
e R - range = 250-310 nm. Hemisphere measurements may not t b i BT age From Botstes” BT T o on -
/= * Limb Profiler (LP) measures capture PMC peak (see examples AE o rave et Gt 10028 s
woas-19 souv/z D profile ozone and aerosols using below), e LP PMC occurrence frequency LP PMC occurrence frequency
Suemd e ours v D limb scattering in UV/VIS/IR. e Scattering angle covers large range L . (residual test), NH 2013 (residual test), SH 2012-2013
o :Z;; O:PS . ) Altitude coverage = 0-80 km, along orbit (high in SH, low in NH).
T R S o spectral range = 290-1000 nm. Ice phase function varies by factor of
“lese  isss  19s0 196 so00 2005 sot0  sots  20e0 ~30 at UV wavelengths over LP 05 L fertpei wavelions2s .
observation range = Observed PMC — R EarII};tes;s_ based
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_ _ » SH PMC analysis is affected by South AN LpFZES het L3I; 9
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e Hyperspectral measurements maintain ability to use legacy SBUV PMC nm (r=45nm, o = 1.4)
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more or different wavelengths). Characterization of PMCs In LP Data
e Current results are consistent with concurrent NOAA-19 SBUV/2 data. _ o _ _ _
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conduct normal operations with 50 km x 50 km pixels within current calculated radiance Is problematic for quantitative analysis. | N Future Work (lots!)
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Estimation of outgoing longwave radiation from Cross-track Infrared Sounder (CrilS) radiance measurements
Kexin Zhang®), Fengying Sun?, Mitch Goldberg'3®), Thomas King®, Quanhua Liu™®, Walter Wolf*), Changyi Tan*), Letitia Soulliard™
1].M. Systems Group, Inc., 2INNOVIM, 3NOAA JPSS Office and *“NOAA/NESDIS/STAR

Abstract:

The purpose of this study is to provide real time CriS-track Infrared Sounder (CrlS) Outgoing Longwave Radiation (OLR) using the hyperspectral infrared sounder radiance
measurements. Atmospheric Infrared Sounder (AIRS) is used as the third transfer instrument, and the least-squares regression algorithm is applied to generate two sets of
regression coefficient. One is between collocated Clouds and the Earth's Radiant Energy System (CERES) OLR on Agqua and pseudo channel radiance calculated from AIRS
radiance. The other regression equation is obtained by relating the pseudo channel radiance difference between AIRS and CrlIS to the individual measured CrlS radiance in each
pseudo channel, which is called adjustment coefficient. CrIS OLR is estimated as weighted linear combination of CrIS adjusted 17 pseudo channel radiances. We validate CrlS
OLR by using very limited available CERES NPP OLR observations over 1°X1° global grids, and we also validate it against CERES (Aqua) OLR cases over the S-NPP and Aqua
Simultaneous Nadir Overpass (SNO) observations. The results show that the precision of CrIS OLR estimation is within 3 W/m?, and the accuracy is within 5 W/m?.

Algorithm Description

In this work, we use broadband radiometer CERES OLR as truth, and AIRS as the third transfer
instrument. Radiance adjustment regression database between AIRS and CrlS is derived with
theoretical radiative transfer model simulations given ‘noaa88’ and ‘noaa89’ sounding
collections for all sky conditions. Cloud conditions were simulated by ATOV derived cloud
properties. Cloud is black except for cirrus which has spectral-dependent emissivity. We
degrade AIRS, CrlS radiance spectra into 17 pseudo channels, and in each pseudo channel,
the CrIS pseudo channel radiance is adjusted to AIRS pseudo channel radiances. Least
squares regression algorithm is applied to relate CERES (Aqua) OLR to adjusted pseudo
channel radiances calculated from CrIS radiances. Eight sets of regression coefficients are
trained to account for view angle dependence of CrIS radiances. CrlIS OLR is estimated
directly as the weighted sum of pseudo channel radiance calculated from CrlS radiances.
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R(I) o Z r(k) A V(k) radiance for both AIRS and CrlS

Pseudo channel radiance
difference (between CrlS and
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Algorithm Validation
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Simultaneous  Nadir (SNO)

observations comparison

Overpass

Compare the estimated CrIS OLR with Aqua CERES
OLR over the SNO observations. Take S-NPP and
Agua SNO observations from Jan. 2013 to Oct. 2013.
Average samples for both CrIS and Agua OLR within
time difference less than 90 seconds, and distance
difference less than 45 km; Single sample pairs with
the smallest time and distance differences.

Average sample: Mean=-2.57486, std=
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Homogeneous Scenes
We take the ratio of coefficient of

variation less than 15%, and we get more
homogeneous scenes and better standard
deviation (right panels).
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Summary

CrlS OLR was compared with simultaneous CERES NPP OLR
directly over 1°X1° global grids. For CrlS homogeneous
scenes, the results show that the standard deviation is
within 5 w/mA2, and the bias is within 2 w/m?.

SNO OLR comparison shows that the standard deviation
between CrlS OLR and Aqua OLR are within 5 W/m2, and

bias are less than 3 w/m?.
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ATMS/AMSU Snowfall Rates during the 2014-15 Winter Season

Huan Meng?, Jun Dong?, Cezar Kongoli?, Nai-Yu Wang3, Ralph Ferraro?, Bradley Zavodsky#, Banghua Yan>, Limin Zhao” INVERSTY OF W
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SNPP ATMS and POES and MetOp AMSU/MHS take passive > NASA SPoRT led ATMS/AMSU SFR assessment / SER Radar Coverage Map \
microwave (MW) measurements at certain high frequencies in the 2014-2015 winter season. Several NWS = .
(88.27190.31 GHz) that are sensitive to the scattering effect Weather Forecast Offices (WFOs) from the i Pt R

of snow particles and can be utilized to retrieve snowfall Eastern Region, Front Range, Alaska and the -
properties. An AMSU/MHS liquid equivalent snowfall rate NESDIS/Satellite Analysis Branch (SAB) : rASx o g b

(SFR) product has been produced operationally at participated in the evaluation. : Radar void region with snowfall ) "y e
NOAA/NESDIS since 2012. An ATMS SFR algorithm has been > Direct Broadcast (DB) data from CIMSS at the | W 7V

developed based on the AMSU/MHS SFR. The combined University of Wisconsin and GINA at the Dﬂmgﬂ% J—';% ozm%m{ﬁ"ii : “'#’I k _‘ oAF H

SFR products are generated from five satellites (NOAA- University of Alaska Fairbanks were used to Albuquerque, NM WFO (ABQ): The 919UTC image. r;latched the NAM12 QPF
18/19, MetOp-A/-B, and SNPP), and can provide up to ten reduce product latency. detenmine the NAM forecast was 100 slow with the evolution of the precip. The radar
snowfall estimates at any location over global land at mid- values dropped off away from the KABX radar which is expected, whereas the SFR
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» fill in gaps where traditional snowfall data are not

available to weather forecasters such as in mountains Near Real-Time SFR Webpage at CICS/UMD
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' ' : 2 Green Mountains .... Rates appeared quite reasonable. While not in our area,
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confirmed by the second satellite pass at 19:40Z. The snow max is in white color in the SFR images.



The role of the GCOS Reference Upper-air

Network (GRUAN) in climate research
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What is GRUAN?

The Global Climate Observing System (GCOS)
Reference Upper-Air Network (GRUAN) is an
international observing network, designed to meet
climate requirements and to fill a major void in the
current global observing system by providing
reference observations. GRUAN is envisaged as a
network of 30-40 sites building, where possible, on

existing observational networks and capabilities
(Fig. 1 and 2).

GRUAN as part of a system of
systems observing architecture

4 N

Climate-driven

Spatial density

GCOS Reference Upper Air Network
(GRUAN)
30-40 stations

GCOS Upper Air Network (GUAN)
161 stations

Comprehensive Observing Network
All stations, observing systems, reanalyses, efc.
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Figure 2: GRUAN is intended to serve as a reference network
which consists of well instrumented and well understood sites.
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GRUAN R$S92 radiosonde data
product

o Tailored GRUAN data processing has been
developed to correct temperature, pressure,
humidity, and wind profiles for all known
systematic biases and to generate vertically
resolved estimates of the measurement
random uncertainties (Dirksen et al. 2014).

o The dominant source of RS92 measurement
errors is solar radiation, which causes
temperature warm biases (partially
compensated by ventilation) and humidity dry
biases (Fig. 5).

o Corrections for radiation-related biases, and

their uncertainties, are based on the results of
experiments made at the GRUAN Lead Centre.

o Availability of the GRUAN RS92 radiosonde
data product is shown in Fig.4.

4 N

kil A Selected GRUAN Requirements

30 =

20 w— . trace gas {(ozone,
Radiosonde methane, water vapor),

10 w—
lllllllllllllllll 1s

Lidark | \

Shelter Radar . Radiometers
(AR Wind
pressure, GPS | ¥7J profiler
temperature,
humidity, 2 A
( total column - .11:,

watervapor ‘ —————

i —
0 _m

Figure 3: Schematic diagram showing some required

\ measurements for a generic GRUAN site. /

Partners

o National contributors (fundamental to success
of the enterprise)

o The Global Space-based Inter-calibration
System (GSICS) and the Sustained,
Coordinated Processing of Environmental
Satellite Data for Climate Monitoring (SCOPE-
CM) Initiative

o WMO:; its Commission for Instruments and
Methods of Observations (CIMO); Commission
on Climatology (CCl); Commission for Basic
Systems (CBS); The World Climate Research
Programme (WCRP)

o EXxisting observational networks (NDACC,
ARM, GAW, BSRN, GUAN, GSN)

/ GCOS Reference Upper-Air Network \
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\ Figure 1: Current sites in GRUAN /

A GRUAN reference observation

Is traceable to an Sl unit or an accepted standard
Provides a comprehensive uncertainty analysis
Maintains all raw data

Includes complete meta data description

Is documented in accessible literature

Is validated (e.g. by intercomparison or redundant
observations)

o Additional radiosondes: Modem. Meteolabor, Mesei.
o Water vapour profiles from high-resolution chilled-mirror frost

point temperature measurements.

Ground-based Global Navigation Satellite Systems (GNSS) total
column water vapour.

o Lidar measurements of temperature, ozone and water vapour

profiles

o Data products from FTS (Fourier Transform Spectroscopy)

including water vapour, methane, carbon dioxide and ozone.

o Microwave radiometer (MWR) observations of temperature and

water vapour profiles, total column water vapour and total
cloud liquid water.
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Figure 4: Availability of RS92 radiosonde data from across GRUAN. Each
row for each site shows the data availability in 6 hour periods i.e.
\00:00-06:00, 06:00-12:00, 12:00-18:00 and 18:00-24:00. /

Getting involved in GRUAN

The primary point of contact is the Lead Centre through
gruan.lc@gruan.org. Sites wishing to enter the network are
encouraged to contact the Lead Centre. Scientists wishing to
contribute to the network development and understanding can
join one of several task teams or initiate a project under the
science coordinators. Using GRUAN data benefits both GRUAN
and your science. Please let us know if you undertake published
work using the data and provide constructive feedback.

GRUAN data: http://www.gruan.org/data
email: gruan.lc@dwd.de or
gruan.chairs@dwd.de

Web page: www.gruan.org

Research in support of GRUAN
operations

@

It is imperative for GRUAN’s operations to be
founded on research published in the peer-
reviewer literature for scrutiny by the global
community. Some examples:

Solar radiation-induced biases in radiosonde

measurements have been assessed in Philipona
et al. (2012).

Correction schemes developed for RS92
radiosonde data products have proven useful for
developing correction methods for historical
radiosonde data (Wang et al. 2013) and validating
pre-flight corrections applied in the Vaisala
ground-station software (Yu et al. 2015).

Whiteman et al. (2011) investigated time to detect
water vapour trends at ~200 hPa. Conclusion: at
best it would take at least 12 years of daily
observations at the Southern Great Plains site in
northern Oklahoma.

Fasso et al. (2014) established statistical basis
for understanding extent to which collocation
uncertainty is related to environmental factors.

Madonna et al. (2014) provided criteria to
quantify the value of complementary
measurements and assess how measurement
uncertainty is reduced by measurement
complementarity.
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Figure 5: Contributions of the various uncertainty terms to
the total uncertainty estimate of the GRUAN temperature
correction for a specific sounding performed at Lindenberg
on 27 September 2013 (from Dirksen et al., 2014). The total
uncertainty is the geometric sum of the squared individual
uncertainties. The correction model is the estimated vertically
resolved error on the temperature based on the estimated
actinic flux. This error is subtracted from the measured
temperature profile to produce the corrected ambient

temperature. /
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@, THE PREPROCESSOR OF THE NOAA UNIQUE CRIS/ATMS PROCESSING SYSTEM (NUCAPS)

Changyi Tan!, Quanhua Liu?, A. Gambacorta3, Nicholas R. Nalli!, Flavio Iturbide-Sanchez?!, Kexin Zhang!, Michael Wilson?!, and Walter Wolf?
1].M. Systems Group, Inc., ‘NOAA/NESDIS/STAR, and 3Science and Technology Corporation

Abstract: The Cross-track Infrared Sounder (CrIS) and Advanced Technology Microwave Sounder (ATMS) are two critical sounding sensors onboard the Suomi National Polar-orbiting Partnership (S-NPP)
satellite. The NOAA Unique CrIS/ATMS Processing System (NUCAPS) is an infrared (IR) and microwave (MW) hybrid atmospheric profile retrieval system which uses collocated CrIS and ATMS
measurements. The NUCAPS algorithm uses the Stand-alone AIRS Radiative Transfer Algorithm (SARTA) forward model for IR and MIT MW forward model for MW sounding to retrieve atmospheric vertical
profiles of temperature, moisture, trace gases and other geophysical parameters. From the hardware aspect, due to the ATMS oversampling, the geolocation pointings of S-NPP IR and MW sensors are
mismatched. Therefore, the NUCAPS preprocessor, in software aspect, does the critical function of CrIS/ATMS footpoint collocation. The NUCAPS preprocessor is the module to match-up the two sensors
of CrIS and ATMS. We proposed and implemented four versions of CrIS/ATMS footpoint match-up methods in our offline test bed, namely: 1) CrIS FOR center matchup method (NOAA operational
version) --- Select the single ATMS FOV which is closest to the center of each CrIS FOR and average it with the surrounding 8 ATMS FOVs. 2) CrlS FOV matchup method --- Select 9 single ATMS FOVs which
are closest to each CrIS FOV respectively and average the selected 9 ATMS FOVs. 3) Backus-Gilbert (B-G) remapping method --- Select ATMS FOVs around a CrIS FOR and multiply them with pre-calculated
B-G coefficients (per scan position and per ATMS channel) to obtain the effective brightness temperature as it is measured by a single microwave antenna with the antenna gain pattern that matches the
effective CrIS FOR. 4) Improved CrIS FOV matchup method --- Select 9 single ATMS FOVs which are closest to each CrIS FOV respectively and average the selected 9 ATMS FOVs. Plus, apply the ATOVS and
AVHRR Preprocessing Package (AAPP) package on ATMS channels 1, 2 to resize the beam width from 5.2 degrees to 3.3 degrees.
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The NOAA-Unigue CrlS-ATMS Processing System (NUCAPS) was

Ongoing Monitoring and Validation of NORA-Unique CriS/ATMS
Processing System (NUCAPS) Using NPROWS and its Expansion

Bomin Sun?i, Tony Reale?, M. Pettey?, F. Tilley!, N. R. Nalli?, Chris Barnet3, Quanhua (Mark) Liu?

1. M. Systems Group, Inc., Rockville, MD, USA, 2 NOAA/NESDIS/STAR, College Park, MD, USA, 3 STC, Columbia, MD, USA
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https://www.star.nesdis.noaa.gov/smcd/opdb/nprovs

NPROVS provides daily compilation of collocated conventional radiosonde observations
(RAOBs) and derived satellite soundings from multiple satellites and product systems. The
collocation strategy is consistent for all satellite products, including 6 hr/150 km time/space
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Root-Mean-Square (RMS) differences between satellite retrieval and RAOB data

window, and “single, closest” satellite profile to a given sonde from each satellite product.

v

NOAA Products Validation Svstem (NPROVS)

37441 (834) available out of 37441

CoastlLandlsland (Coast)Island (Inland)ShipDropsonde

-

short-term Menitoring/Analysis

based on weekly global maritime data of July 2013 through July 2015. The
statistics are at —1-km layer for temperature (K) and —2-km layer for water vapor
mixing ratio percentage (%). Thicker curves denote NUCAPS data.

4066 (555) avalable out of 11353

May 31, 2015 to July 1, 2015

Map of sites of global operational radiosonde observations that are used as the anchor to

a. MW temperature retrieval comparison: NUCAPS vs. S-NPP MIRS

843 (154) evallable out of 11252

opsonde

RAOB collocations common to both NUCAPS and S-NPP MIRS retrievals during 01/23 —

collocate satellite data in NPROVS. Data of June 2015 are shown as an example. Different

colors represent different terrain types of RAOBs.

“ Land “Less cloudy”
2.:
13 M
1 |
NPROWS + ”
) L]
E 13 451 ;
NPROVS+ leverages from NPROVS by providing daily compilation of collocated Global ¢ o
Reference Upper Air (GRUAN) and Dedicated RAOBs with satellite sounding and sensor data " s
from multiple satellite product/sensor suites. The collocation strategy identifies the “single, " e
closest” satellite profile to a given RAOB but also stores all products and sensor data within % %
500km of the RAOB, denoted as “granules”, for supporting retrieval algorithm development. o e
g7 4095
e P YRR 12 18 2 3 36 1 py e
Temperalure (sal-baseling) deg K. Bigs / $td Dev
Baseline: RAOB Radiosonde
January 23, 2015 to Febriary 3, 2015
« Maritime  “Less cloudy”
27
§
[} 170
13 18
18 W
% L]
k) 485
5 12
5 i o
v w3
3 113 :
E 1 7 b
1
26 il
ur 12
Bl 1)
I 4
441 (15
06 576
57 577
B49 i)
™ i
) il
=7 ) 06 12 18 ] 3 1 4 o

January 23, 2015 to February 3, 2015

GRUAN processed RAOB (Vaisala RS92) are directly accessed from the DWD Lead Center (LC)

and retain all gc checks and processing details appended by the LC. JPSS funded dedicated
RAOB (also Vaisala RS92) synchronized to satellite overpass are accessed from ARM site
holding files. This program also supports dedicated RAOBs launched in NOAA AEROSE and

CALWATER/ACAPEX campaigns.
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NUCAPS MW retrieval mean bias (solid) and RMS difference (dotted) from RAOBSs.
Collocations with 3-hr and 100-km of 2013 AEROSE (November 2014 through
December 2013) and 2015 CALWATER/ACAPEX (January 2015 through February 10
2015) data are used. The statistics are in coarse layers.

c. AWIPS 11 Alaska Cold Core Event

v NOAA Products Validation System (NPROVS)
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2015. ECMWF and satellite retrieval temperatures are at around 206 hpa.
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NUCAPS production test version is running at STAR. Among the improvements in the test
version over the oper include using four days of ECMWF analysis data to generate regressio
coefficients for creating the IR first-guess and fixing some bugs in the retrieval processing
code. The vertical statistics (bias and RMS) are computed using global data of July15-26
2015. The qc maps are for data of August 1 2015.

This presentation demonstrates the unique capability of NPROVS and its expansio
(NPROVS++) in routine monitoring and analysis of NUCAPS and other satellite
products characteristics performance and in retrieval algorithm development
activities.

Poster #, 2015 STAR JPSS Annual Science Team Meeting, 24-28 August 2015, NCWCP,
College Park, MD (Corresponding author: Bomin.Sun@noaa.gov)
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@ Graphical Programs For The Validation Of Satellite Sounding

>
"Products With The NOAA Products Validation System (NPROVS)
Michael Pettey!, Charles Brown!, Anthony Reale?, Bomin Sun!?
(1) I.M. Systems Group, Inc., Rockville, Maryland (2) NOAA/NESDIS/STAR, College Park, Maryland
NPROVS ProfileDisplay (PDISP) Orbital Display System (ODS)
The NOAA Products Validation System (NPROVS) was designed Displays temperature and moisture profiles for the ground truth | ECMWF Analysis T ol PR T YUY LT Graphical display of

data from every
product system used

within the NOAA/NESDIS Office of Satellite Applications and (RAOB) and every collocated processing system. All available raw
Research (STAR) to compare, evaluate and monitor the data produced by each system and the associated ground truth

performance of multiple satellite systems. can be viewed both graphically and as raw text. by NPROVS.
Centralized RAOB and Satellite Product Collocation Temperature (deg K) Views of the data can
100 ° 133.14 : 143.14 2 153.14 '1,11563.14 ‘1723(.)‘14 183.‘1245 v_»\'_,v‘133.‘14 = = 21 1 4.'?23.‘14 23435.14' 247 be Cu Stom ized USi ng
projection, zooming,
smoothing and other
5 controls.
150-km Any location on the image can be clicked to display a
§ graph that shows profiles and raw data |\ from the selected
b location. A line can be drawn across an |\ image to display
‘ > vertical cross+y sections of the atmosphere.
§ Skewed Temperature (deg K)
Every Day since April 2008 Collocation Dataset ... over two million stored a- o
https://www.star.nesdis.noaa.gov/smcd/opdb/nprovs a0
Selected sounding footprints from a variety of satellites and other
processing systems are collocated with ground truth data, e
typically radiosonde data, by locating a footprint that is closest to ;>
the ground truth in space and time. Once collocated, the system
data can be compared to the ground truth and to other systems. A NN T o
_ _ Radiosonde 16320 (80) 1/07/2014 10:57 40.64 N / 17.95 E
The collocated data can be accessed by anyone interested in AUTBLERD 1/07/2014 09:12:30 (-17hours) 4041/ 17.90E (26.4 km) o
oy - - - MIRS Metop-A (0. 7/2014 09:12:24 (-1.7 40.76 N / 18. .5
characteristic performance of the satellite derived products. Daily, AR B el e R O e o S
weekly and monthly collocation files are made available in binary Two parameters from the [EmImsE T _ o SRR e
and netCDF formats. same system or from
. 4| 532 (301) available out of 12092 CoasiLandlsland (Coast)island (Inland)ShipDropsonde 1 1 11 d iffe re n t SySte m S Ca n b e [
As part of NPROVS, a set of graphical programs was developed to e e leta ?Iterlng capabllltleds compared by using built- |
allow users to view and compare the NPROVS data. The NPROVS S allow Tor compar.lsonfan in math functions to
Archive Statistics (NARCS) provides a long-term view of the | &2z .. |statistic generation for a | _ .+ (o0 icsge from
. ! i e T v iuser-defined subset of J
performance of each system. ProfileDisplay (PDISP) shows ot ][0 | : 2 ot another. White shows
- - - - - Distance Window ™ Inside M Outside ; * a a -
individual collocation data and computes vertical accuracy | L v areas of agreement while
statistics of temperature and moisture profiles. The Orbital e Th h dt red/blue show areas
Display System (ODS) shows images of associated orbital data. i G e o [ B2 B O B j '1e Map tan be Used 0 1 of disagreement.
AUt | - S Qe view the distribution of
o o o || g 25 oo | s e o collocations as well as
Drift Data: ™ Yes ™ No ™ 02185 V! 7 iMet-1-AB (USA) ("] Show Sonde Drift &
co S sy | G Rt | . other features such as I ieti
0o e R diosonde batoon drire | NPROVS Archive Statistics (NARCS)

Accessing And Running The Programs

Provides long-term trends of satellite minus baseline differences.

All Of.the graphlcal_ programs al:'e ert.:ten N J.ava and can be Fun on 6 ?ecember3o, 2013 to January 9, 2(114 . N Satellite minus baseline Includes da||y, Week|y and month|y statistics of biasl standard
a yarlety of operating systems mchdlng Macmtqsh OS X, Linux an_d }," 5 | vertical accuracy stats e eraire S06.003 b Laver Sttt deviation and rms.
Windows. For most people, accessing and running the programs is i 1266 for temperature and 35 '
as simple as copying the program to a local computer and double- % |water vapor can be "‘ Temperature and water
clicking the icon. More information about running the programs is 3 s generated for user- s %».,‘ vapor statistics are
available in the Quick Start Guide for each program. £ 12 e § KW i -defi
Q pProg =z selected subsets of ———— e e available at pre-defined
. . . = =5 | qvailable collocations. , Ry o™ ., pressure levels and
Links to the programs and quick start guides for each one are 5 155 215 layers.
available on the STAR NPROVS web site. The pages for each Sis | B
o . . 573 1w | Bias, RMS and standard
program also contain links (via anonymous FTP) to the data files o = | deviation statistics can s Statistics based on
i 852 1418 0.5 .
used by the graphical programs. ol T_ | Fenze | e generated. user-selected options
| Temperature (sat-baseline) deg K: Bias /RMS | Tl (qC ﬂag, terrain type,
The main NPROVS page. i e e R R e e see I sssesssennasnnny and retrieval type) can
http://www.star.nesdis.noaa.gov/smcd/opdb/nprovs/index.php tteazztsoaszyceszzcioazzsceszzesd be displayed.
Scatter plots are available for e L 8 nf2<E2733028 7 F2<23R38024R <2374
Orbital Display System (ODS): user-selected satellite, ground |.....
http://WWW.Star.nESdiS-noaa-QOV/SmCd/Opdb/nprOVS/OdS-php prOfiIe data and COIIOcationS ] Long—term trends f-or a BiasI(,RetrievaI—RadiosondeObserv[tIion) " [
N _ _ selected system at pre- | « ] : *
ProfileDisplay (PDISP): These plots are available for =

defined pressure levels or | *°

http://www.star.nesdis.noaa.gov/smcd/opdb/nprovs/pdisp.php layers can be displayed

temperature and moisture at |..]

every pressure level
NPROVS Archive Statistics (NARCS): Yy P

http://www.star.nesdis.noaa.gov/smcd/opdb/nprovs/narcs.php Red and blue blocks show | swo

warm and cold biases | ™

Any collocation on the plot can [~

e o o e the - s hetween e “system and | ¥ -
- Ll ol grap O e pro I eS rom e | ’ ¢ I '00'50160'60'00c'n'c'n'c'n'c'n'r:'n'c'n"o"o'c':"o"o"o'-'—fv'-iHv-cv-q-—ir'xl't"\:'t'\:'f'\:'r'\l'r'\:'r:n'r'ﬁ'r:n'r:n'r%'r'ﬁ'
Questions about NPROVS and specific requests for data access can locati e ey | DASEliNe system at each | cegesreressntEra e a T annas
. CO Ocat|0n Baseline: Radiosonde Dressure and tlme erlod EE 90 Yy 5CE90 8859888598885 98885598 ¢y
be directed to Tony.Reale@noaa.gov P 253028223082 23758223238223364822232
(day, week or month). ceg « 6 —
‘I- C D 7m0
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Abstract

The Cross-track Infrared Sounder (CrlS) onboard the S-NPP (Suomi National Polar-orbiting Partnership) satellite has been running for about three and a half years. The spectral noise and response are analyzed in this
presentation. The Allan deviation , which is effective in removing drifting trend in a time series, is used to calculate the spectral noise for each orbit. CrIS has three bands (LW/MW/SW). Each band has 9 field-of-views
(FOVs) scanning in two directions. Four wavenumbers of each band are selected to show the temporal evolution: 650/720/830/1050 cm-* for LW, 1240/1375/1580/1710 cm™* for MW, 2150/2210/2355/2515 cm-! for SW.
It is found that the real part noise of the hot reference has almost no change since the beginning of the mission, indicating a sustainable stable sensor status. The imaginary part noise of the cold reference is very sensitive
to the stability of the platform.

NEDN: ICT Real Method:
S T (e e et e Tl e e e o & Step 1: Derive Gain of each orbit:
— — L ) < Bier > —< Bps >
Lw B lo - | Gain = —— 22
A e e e ; o ;.,_, . = Per >
e b : ' § o —— where S is the spectral count per scan; DS and ICT represent
s R B the cold and hot reference, respectively; P is the blackbody
. —_— Revrsa [ ~radiance; <> is the orbital average operator.
i E | e
O e s o o 3. ¥ aion] | Step 2: Derive the radiance of reference target per scan:
E.m-'-a;:-——«__.-_ﬁ_,_-_,“ v ;am E::: 1 S _{ SD o
Boom %o Wik R _ HICT 5
LR a1 i1 G113 a1 a1 ai-13 Gt 2115 IG\T Galn
NEDN: DS Imaginary Sps—= 8pz =
Suomi NPF CriS DS imaginary NEDN [ 720 em '), Orbital lvms Suoml NPP CriS DS Imaginary NEDN (1580 £m"), Orbital “""3 Suomi NPP CriS DS imaginary NEDN (2210 em ™), Orbital nm.s RDE = T
— - e — - where R,.rand Ry and are complex value.
¥ 1= MmN : : : o
Bl st e N e T Step 3: Derive the NEDN with Allan deviation:
- I ta I
— T * {0 = 5 — B} = ggl(@nre — 2w £ 20))
;,,. g;x ;
o Tino m -
H B it Tomm ! F -
3 _ jelEe .. smeese Conclusions:
=, ¥ o} : . )
. The CrlS spectral noise is analyzed with Allan variance method. Most of the
Gain drifting effect is removed and it is found that CrlS sensors have very stable
e g et S Suomi NP CriS Gain 1580 cm”) Ortital Average () Suomi NP Crs Gain (2210 an'), Orbital Aversgs () noise features in term of the hot reference, except the LW FOV1 which
il _ o _ . _ e ~ suffered a sudden jump of noise between July and Sept. of 2013, before
o oW | £ S B returning back to normal status. All of the sensors, except the MW FOV7
- — — o ——__——'V'W ——— P = which is known very noisy before launch, have much lower noise relative to
fE—— — = e the specification. The imaginary part noise of the cold reference, however, is
ful ! | W sensitive to the shaking of the satellite platform, especially for the corner
Y mw een mw  ew mw o A S FOVs. ATMS main motor shaking in the late 2012 and the satellite orbital
o BN O RO PN Fon #043 1041 FOVE FoWT FOVE FOVD a1 A ROV POV FOVTFOVEFEV inclination angle adjustment on July 31, 2014 are two major events triggering
o — - o y L — — W . the significant change of DS imaginary part noise.
il | R e Yl
;_";;__ —_— yp—— 3 : e : The spectral response is also evaluated. It is found that the LW sensors have
e ' E‘; ‘ ] ' almost no degradation since the mission. The MW sensors have noticeable but
L _ . i R different changes among difference sensors. All of the SW sensors have

suffered a 2~3% degradation.
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/ Introduction \ / Co-Registration, Frame-to-Frame Registration \ / AHI-VIIRS Radiance Comparison Trend \

and Navigation Accuracy . e . .
The Advanced Himawari Imager (AHI) is the next-generation geostationary DCC pixels are identified by AHI B13 (10.35um). The corresponding radiance
follow-on for the Japanese Meteorological Agency launched on October 7t, The assessment of the AHI radiometric response against VIIRS is conducted at of the AHI and VIIRS VNIR bands for the identified DCC pixels is compared at
2014. The instrument is a 16-band suite with 6 of the bands in the visible the single-pixel level, thus establishing both inter- and intra-bands pixel the individual pixels level. Each monthly update, up to mid-August,
and near-infrared (VNIR) range. We use the matching moderate bands of the matching is necessary. Landmarks are used in examinations below. combines 7 days worth of data. The spectral band adjustment factor (SBAF)
Visible Infrared Imaging Radiometer Suite (VIIRS) [1] to assess the multi- for the first 4 matching band pairs are directly obtained from the web-
. . AHI BO1 Radiance Time: 20150728 2300 Time: 20150723_0000 Time: 20150723_0100 1
month radiometric response of the AHI VNIR bands from February to August, - calculator based on SCHIAMACHY visible hyper-spectral data [3] and the SBAF
2015 using deep convective clouds (DCC) near AHI sub-satellite point. To T, for the bottom 2 matching band pairs is an estimation to within 1% accuracy.
assess navigation.acc:'uracy we make Imagery comparisons of lanlemarks, both !i 0.47 um: AHI B1 vs VIIRS M3 0.51 umn: AHI B2 vs VIIRS M3
visual and quantitative, against VIIRS. We also present a preliminary high- - 12 FSBAF VIRS/AHI=0.974 (solid circle) - 12 FSBAF VIIRS/AHI=1.042 (solid circle) ;
accuracy comparison analysis against the 30m-resolution Landsat 8 imageries i = IIF . f g 11p g 11
. . . L. = @ Time: 20150729_0200  Time: 20150729_0300  Time: 20150729_0400 ® ; » :
to quantify sub-100m AHI navigation deviations. : Y - g 10 I """""" IIIII g 10 } """"" }IIII—
AHI Intra-band co-registration g oo g oo
0.8 E , . . . E 0.8 E
®
B13 (10‘35Mm) and VNIR bands 0 50 100 150 200 250 0 50 100 150 200 250
match at sub-pixel (< .5 pixel) J Day of Year, 2015 Day of Year, 2015
Wa\(ﬁlneqr)wgth Res(ﬁlr%ion Wa\(lellneq?gth Res(iln%'ion ® DCC pixe[s found by B13 and Time: 20150729_0500  Time: 20150729_oeoo=  Time: 20150729_0700 0.64 um: AHI B3 vs VIIRS M5 0.86 um: AHI B4 vs VIIRS M7
the Correspond]ng VNIR bands 1.2 SBAF VIIRS /AHI=0.958 (solid circle) - _ 1.2 SBAF VIIRS /AHI=0.987 (solid circle) _
0.47 1.0 0.48 0.75 radiance will correctly match g e B3 response improves " I g ME I
2 10 F 'E --------- L'g 2 10 } """"" }II """"" I
0.51 1.0 0.48 0.75 Time: 05:20, July 29, 2015 g 09f I E [] "o ,// : g 09F :
Unnaomed Reef, Indion Ocean . : ~=- - . ]
Fime: 56150?29_0800 Time: 20150729 0900 o8¢ . . . .. ] o8¢ . . . .. ]
0.64 0.5 0.67 0.75 - 0 50 100 150 200 250 0 50 100 150 200 250
Day of Year, 2015 Day of Year, 2015
0.86 1.0 0.87 0.75 . 1.61 um: AHIB5 vs VIIRSMTO 2.26 um: AHI B6 vs VIIRS M11
, 12 SBAF VIIRS /AHI=1.02+% (sdlid}circl N . 1.2 f SBAF VIIRS/AHI=1.00% (solid circ_le_)
1.60 2.0 1.61 0.75 YIRS M5 i - G I I ? ¥ E U g respomseimproves
. . . . . © 1.0F ks ""\';'_'_';;'/'“‘g S 1L0F 1" """ [ k-
5 95 50 5 95 0.75 AHI navigation against VIIRS AHI frame-to-frame registration S ool 85 response worsens g o 3 I P X
® VIIRS navigation is accurate ®* Up to 2 pixels (1km) deviation in B3 T sk | | T oost | et
The wavelengths and the resolutions of the AHI VNIR bands and ® AHI B3 shows similar accuracy ® Accuracy has improved since 0 0 1010200 20 0 0 10 180200 290
. Day of Year, 2015 Day of Year, 2015
the corresponding VIIRS moderate bands are well-matched at UTC-0520 February, 2015 [2]
® JMA has made calibration adjustments between May and June
[ AHIB1 vs VIRSM3 ) R AHIB2 vs VIRSM3 Pixel shifts in gach AHI raaiance imagery used in the radiometric analysis ® B1 (0.47um) the blue channel remains very accurate and stable
O Bt i © ez have been examined and corrected o , ] , ,
*® VIRSMg - - - i *® VIRS Mo - - - B3 (0.64um) and B6 (2.26um), showing 10% dark bias earlier as was

% 04 i % 04 reported in April, 2015 [2], have been improved to within 3% accuracy

ol E o High-Resolution Navigation Analysis of AHI using Landsat 8 ® B5 (1.61um) bias worsens up to 11% higher (relative to VIIRS)
s neeemenm A new effort has begun on the development of a high-accuracy quantitative
~ AHIB3 vs VIIRS M5 | AHI B4 vs VIIRS M7 | . . . . . . . . Summary
o me T o e : | analysis of AHI navigation accuracy using high-resolution Landsat 8 imageries
08 VIRsSMs - - - 08 VIRsM7 - - - \ E - - - - -
- - y - < . . .

g oo g oo 2 (30m) to quantify low fractional-pixel deviations (<100m). The methodology ® AHI radiometric response versus VIIRS up to 71% difference at 1.61um
is based on the NASA Geolocation Team’s “landmark chips” approach. Recent ® Radiometric resbonse monitor using DCC readied as operational tool
- 7 S— - - preliminary result using Landsat 8 B4 against AHI B3 (red bands) demonstrates . T P o g . P

" e T P et clear daily trends with deviations up to 1km. AHI navigation deviations up to 7 km using VIIRS and Landsat 8
. mBsweVIRSMIO . AMIBS s VIRSMI: ) NR Daviation of AHI NR Deviation of AHI ® Methodologies applicable to GOES-R Advanced Baseline Imager
o AHIBS  —— E g AHIBE E 1500F " 7 Blue = NS shift ~ 7 " Red ="EW shift T ] 1500f " " Blue = NS shift = " " Red ="EW shift " " ]

. 0.6VIIRSM10——— i . 0-6VIIRSM11 - - - i 10005 - ] 1000; . \ i - REFERENCES
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Introduction

Abridged Results Discussion

Largest BBR Offsets

Along Scan in 3x1 Aggregation Zone:
Shifted

Analysis Scheme

The NASA/NOAA Visible Infrared Imaging Radiometer Suite (VIIRS) instrument onboard the
Suomi National Polar-orbiting Partnership (SNPP) satellite was launched on 28 October 2011.
VIIRS has 5 imagery resolution bands (bands 11 to I5) with 32 detectors each, 16 moderate

1. Selected four relatively cloud free NPP VIIRS data sets
from differing geographic areas:

The BBR values for band combinations not
shown are lower than the shown cases.
However, the BBR values for some band

Minimum

NPP VIIRS data set Date Location Fixed band Mean* Std. Dev.

resolution bands (bands M1 to M16) and a panchromatic day-night band (DNB) with 16 A2012065.1835.P1 03110 |March5, 2012 — — :::: pezkzNSM' e combinations could not be reliably
detectors each. In this study we estimate the along-scan and along-track band-to-band A2014176.1720.P1_03110  |June 25, 2014 Eastern Canada e = 0:16 _O'.O388 0:093 measured. We considered finding at least 20
registration (BBR) of each band versus the other bands from on-orbit data. We utilized ] eET 014 Rl T M12 1 018 0.0338 | 0078 chips with peak NMI of at least 0.15 to be
Normalized Mutual Information (NMI) between shifted image band pairs to determine the e e | Y 1 200 TS T M6 1 0.18 | 00713 | 0.124 the minimum requirement for reliable
amount of shift required for the best match between the image band pairs. Subpixel accuracy 2. For each data set and band combination, found the 100 1 4 UeLe Bl 007 measurement. Reliable measurements were
was obtained by utilizing bicubic interpolation. “best” chips: |\I>|A181 :i gi; ggzz 832‘; found for most band combinations, with the

a. Scanned through each data set to find relatively cloud- Wil 14 beo | GBrs | PR main exception DEITEEELE IS U

other band, where minimum peak NMI
values greater than 0.15 were rarely found.

Normalized Mutual Information

free “chips” that were not entirely over water. For the I- Along Scan in 2x1 Aggregation Zone:

oands the chips were 64 cols. by 32 rows, and for the M- Fied bang | oMifted | Minimum . .
Referring to [1-3], we can compute the Normalized Mutual Information (NMI) between two hands the chips were 32 cols. by 16 rows. PEEPTY band | peakNmi| " Oeh | Some .ot.her band combina-tions also. hao!
images as follows: M1 M6 0.19 -0.1113 | 0.115 low minimum peak NMI values — mainly in
' b. For each chip selected in step 2, calculated the zero-shift M2 M6 020 | -0.0975 | 0.116 the 1x1 aggregation zone. Full results are
NMI(Xf, XS) . [H(Xf)+H(XS)] —1 NMI with the data bicubic interpOIatEd to 4 times finer mz |\I>|/|163 g;z _33556735 g;i; available in Supplementary material.
H(Xf.Xs) resolution. Saved a list of the location of chips with the ' ' '

. S _ . . _ _ , M8 M13 0.28 0.0500 | 0.020 A plot of pre-launch measurements of BBR
where X;is the fixed image and X; is the shifted image. H(X)) (H(X,)) is the entropy of image X; 100 highest NMI values. i e 522 | oois | aoe versus band 11 is shown below. Many
(X;) and H(X,,X,) is the joint entropy of the images X;and X,. The entropy of an image X is c. Forthe 100 “best” chips found in step 3, calculated the M5 14 0.18 0.0538 | 0.078 i S
computed as follows: NMI with at various row and column shift locations with M> > 017 | 0062 | 0100

measurements and the on-orbit values. For

Along Scan in 1x1 Aggregation Zone: example, band I5 is offset about 0.05 pixel

the data bicubic interpolated to 40 times finer resolution.

H(X) —_ Z p 10 p inimum
p>0 : 3. Looking across all four data sets, for each band Fixed band | Shifted band lp\)/leakNl\/II Mean* | Std.Dev. from the other I-bands along track. Also
where p is the probability density function (pdf) of image X combination and aggregation zone, selected the chips with M3 M13 0.21 0.0825 | 0.053 band M6 is offset about 0.05 pixel from
| the highest NMI value more than 0.15. M6 M12 0.18 0.0963 0.055 band M13 along scan in the 2x1 aggregation
The pdf of image X may be estimated from the histogram of an appropriately scaled and _ _ M8 M10 0.50 0.0613 0.017
p. . & y . . . g. pp. . P i . . 4. If fewer than 20 chips were found in step 3 for a band e E 0.30 00700 | 0.0 ZONE.
guantized image. According to [2], 8-bit quantization is usually sufficient. To avoid potential o _ , - - - . . .
. . . . . combination (and also aggregation zone in the along scan M12 11 0.17 -0.0688 | 0.047 Some inconsistencies are also seen. A 0.045
problems with outlier values, we apply a 3o filter such that u-3o (the mean minus 3 times the . . . . .
_ direction), the BBR analysis was terminated due to M12 3 0.17 | -0.0638 | 0.047 pixel offset is seen between band 12 and 14
, y
standard deviation) corresponds to the value 1 and u+3 o corresponds to the value 255. The . . . . V12 5 021 | 00700 | o046 : .
. i y ) inadequate data. Otherwise the analysis continued. - - - along scan in the 1x1 aggregation zone. But
values are rounded to the nearest integer value (value “0” is reserved as a “no data” mask). M13 3 0.15 -0.1050 | 0.063 this mav iust be an inaccurate measurement
5. For each band combination (and also aggregation zone for 13 % 2 | aome | oo . y Justt |
Bicubic Interpolation the along scan direction) computed the average BBR shift of M13 5 023 | -0.0838 | 0.076 since the minimum peak NMl is only 0.18.
p the 20 chips with the highest NMI value. Also computed the M2 I 0.17 Uz || Do NOTE: Measured BBR values between |-

*Negative means shift to west, positive means shift to east. bands are fractions of I-band pixels. Other-

wise the BBR values are fractions of M-band

standard deviation of these shifts. We also noted the

Our implementation of bicubic interpolation is based on K. Joy’s [4] summary description of minimum NMI value as a relative quality factor.

. . , Along Track BBR Across Aggregation Zones:
the Catmull-Rom Splines [5]. A cubic curve can be represented parametrically by the

. . Fixed | Shifted | Minimum ) pixels.
polynomial function: f band band | peak Nmi | Mean” | Std.Dev.
P(t) = an + a«t + a-t% + a.t3 M14 12 0.18 -0.0550 | 0.078 -
, . () : ! - 3 Re erences M15 12 020 | -0.0563 | 0.061 CO”CIUS'O”S
that has the first derivative (slope): YIT 3 020 | -0.0500 | 0041
P'(t) = a; + 2a,t + 3ast=>. [1] A. A. Cole-Rhodes and P. K. Varshey, “Image registration M16 12 018 | -0.0588 | 0.061 Our approach for on-orbit measurement of
F o P ' M6 5 0.18 | 0.0725 | 0.101 .
An interpolated curve for t in the range of 0 to 1 can be specified by setting the values of P(0), using mutual information,” in Image Registration for Remote M7 5 018 | 00688 | 0.118 the BBR of pairs of VIIRS bands has
P(1), P’(0) and P’(1) and solving the resulting system of equations: Sensing, J. L. LeMoigne, N. S. Netanyahu and R. D. Eastman, M13 5 0.33 0.0613 | 0.052 produced results that are largely consistent
r M14 12 0.18 | -0.0550 | 0.078 : _ -
P(0) = a, Eds., pp. 131-149, 2011. - ; e R B TLE W|th.the pre-launch measurements with
P(1) =ag+a; +a, +a; [2] J. P. Kern and M. S. Pattichis, “Robust multispectral image 12 5 0.25 | 0.0588 | 0.025 maximum BBR offsets on the order of 0.1
P'(0) = a4 registration using mutual information models,” IEEE Trans. 3 > 032 | 0052> | 0.016 pixel (10%).

*Negative means shift to north, positive means shift to

Geosci. Remote Sens., 45(5), pp. 1494-1505, 2007. N

[3] C. Studholme, D. L. G. Hill and D. Hawkes, “An overlap 0.15

invariant entropy measure of 3D medical image alignment,” P
re-

P'(1) = a, + 2a, + 3a;
To fit an interpolative curve passing through n+1 control points (P,, P,, ..., P,) we define the
curve for the segment P; to P.,, by setting P(0) = P;, P(1) = P; 4, P'(0) = (P;y1 — Pi_1)/2

—&—Scan Agglxl

+1 0.1 ——Scan Agg2x1

-a&=Scan Agg3xl

and P'(1) = (P;;, — P;)/2.Several algebraic steps lead to the following matrix equation for Pattern Recognition, 32(1), pp. 71-86, 1999. g D,
the interpolative curve P(t) for each line segment P.to P., ;: [4] K. I. Joy, “Catmull-Rom Splines,” On-Line Geometric g
s "0 2 0 0 Modeling Notes, launch : . —= =
i—1 : : : = 3
P(t) = [1¢t2 t3]M ;i where M = & -1 0 1 0 (http://g.raph|cs.cs.ucdaV|s.edu/’“Joy/ecs278/ notes/Catmull- E
Pz: 2| 2 =5 4 -1 Rom-Spline.pdf, last accessed Aug. 5, 2015). B B R 2
o . . _ . —1 .3 oo : _ [5] E. Catmull and R. Rom, “A class of local interpolating S 01
The above cubic interpolation for a single dimensional curve is extended to a two dimensional splines,” in R. E. Barnhill and R. F. Riesenfled (eds.), Computer (VS I 1) 3
: : : .. : : : ’ i c e 1 . -0.15
|mag§ by.flrst performing the culc?lc interpolation along the column dimension and then Aided Geometric Design, Academic Press, New York, 1974. S $3g=25ggoyTezzggnger?
applying it along the row dimension. Band Name = =




Suomi NPP VIIRS Detector Dependent Relative Spectral Response Variation
Effects using Line-by-Line Radiative Transfer Model Calculations
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Abstract In this study, we will check the difference in effective brightness temperature (AT, [K] between using the In Figure 3, Y-axis is the percentage of the pixels with value less than the value in X-

detector-level RSR and the band averaged RSR. axis. X-axis represents BT difference in M15-M16 and BT in M15 & M16, respectively.

The Visible Infrared Imaging Radiometer Suite (VIIRS) is a modern focal plane array based Each line represents one detector. We found that the horizontal distance between
satellite radiometer, which has many detectors with slightly different relative spectral ATeff :Teff (detRSR)—Teff (avgRSR) (3) histograms is almost a constant. BT,.—BT,, also represents the water vapor. The left
response (RSR). Effect of RSR differences on imaginary artifacts, as well as geophysical panel also shows that striping does not depend on water vapor within the small water
retrieval uncertainties has not been well studied. Previous studies used the MODTRAN Where T qetrsr) 1S the effective brightness temperature computed using the detector-level RSR and T vapor range. The relative magnitude, i.e., the ratio of horizontal distance to the X-axis
model for detector-level radiance simulations. However, it is limited by the spectral @avg rsr) IS the effective temperature computed using the band averaged RSR. range is defined as R=g(50%)/Range_,...s - The ratios in M15-M16, M15 and M16 are
resolution of the model relative to the narrow spectral bandwidth of the detectors. This 0.187, 0.067 and 0.107, respectively. M15-M16 has larger ratio than single band. These

study evaluates detector level RSR using Line-by-Line Radiative Transfer Model

(LBLRTM) at higher spectral resolution 0.01 cm for VIIRS bands M15 and M16 under Model Results

horizontal distances are a little bit larger than LBLRTM magnitudes in BT difference for
M15-M16, M15, and M16. Over polar regions, the ratios are 0.149, 0.044, and 0.015 for

o
o
[N

different atmospheric conditions. From the model simulation and case studies of VIIRS Figure 2 shows the effective brightness temperature differences between the detector-level and band M15-M16, M15, and M16, respectively, which are smaller than those over tropical
SDR brightness temperature data, we found that the striping in imagery is most likely averaged RSR in VIIRS M15 (Top left), M16 (Top right), and M15 — M16 (Bottom) from the LBLRTM regions.
related to the difference between band averaged and detector level RSR, which has some radiance output for six atmospheres. Results indicate that there is a small but obvious atmospheric
atmospheric dependency. Cumulative histogram method is utilized to quantify the striping. dependency. The odd/even detector pattern is also observed. In M15, the smallest BT difference is at The effective BT difference from LBLRTM and VIIRS observation are compared in
These findings will help S-NPP and J1 to better understand the impact of the difference in T - - Figure 4. In M15-M16 and M16, both LBLRTM and VIIRS observation show larger BT
detector-to-detector RSR on VIIRS geophysical retrieval and reduce the uncertainties. : . S S 00 - 0.04] Toeel | Suborctle Summer difference in tropical than in polar region. In most cases, VIIRS observation has larger
[ ) e e ] magnitude in BT difference among different detectors than LBLRTM except for polar
0.021- . : case in M15-M16. In general, the magnitude of variation among 16 detectors over

tropical region iIs much more affected by water vapor than that over polar region, I.e.,
which is larger for high BT difference (high water vapor absorption). Therefore, the water
vapor has impact on the striping pattern, but it is not the dominant factor.
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Previous studies have been performed to identify the possible causes for SST striping
Issue [Padula and Cao, 2015]. They used MODTRAN model to simulate the spectral
radiance at the spectral resolution of 1cmt for five standard atmospheric profiles. Their _
results indicate that the SST product is likely affected by small differences in detector-level E ~0.02]
SRF, and the detector-to-detector differences have small atmospheric dependence.
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A StUdy from SST EDR team [Dash and Ignatov, 2008] evaluated the biases in the top-of- Detector No. for band M15 (lterction, LBLRTM) Detector No. (M16, S—NPP) Detector No. (M15—M16, S—NPF)
atmosphere (TOA) brightness temperature (BT) modeled with MODTRAN model. They
concluded that MODTRAN model does not reproduce spectral, angular, and water vapor
dependencies with accuracies acceptable for SST analyses. Therefore, in this study, we

use LBLRTM with higher resolution to investigate the SST striping issue. The magnitude in effective BT difference among detectors is 0.01K for tropical atmosphere, and 0.025K

. : : for subarctic atmosphere (top left panel in Figure 2). To see the impact of spectral range, we extend
VIIRS Daytl me SST Algorlthm & Imagery AnaIySIS M15 from [800, 1100] cm to the entire spectral range [800, 1333.33] cmt and M16 from [769, 950] to
The daytime VIIRS SST is computed from a non-linear split window algorithm using the [769, 1250] cm! to include the out-of-band response. The results and BT difference patterns are similar 0.02 -

brightness temperatures from bands M15 and M16 : as Figure 2 (figure not shown). In M16 (top right panel of Figure 2), there is more obvious atmospheric
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Figure 2. Effective BT difference between detector-level RSR and band averaged Relative Spectral
Response using LBLRTM in VIIRS band M15 (Top left), M16 (Top right), and M15 — M16 (Bottom).
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Figure 4. The comparison of
effective BT difference between
LBLRTM and the VIIRS
observation for tropical and polar
cases.
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Effective BT Difference [K]

(1) Impact on BT difference than M15, and the tropical atmosphere pattern has the largest variation. Band .
SST =a, +a, xT,, +a, x(T,, =T, )T, +a, x(T,, —T,,)x(secé,,, —1) M16 is more sensitive to water vapor variation due to more water vapor absorption in M16. Detector 6 0
Where T,, and T,, are the brightness temperatures at M15 (11um) and M16 (12um), has the smallest BT difference. Detectors 1 to 6 are more closer to band averaged and then deviate M15-M16 M16 M15

respectively. T, IS the first guess SST from either numerical weather prediction or analysis from band average for detectors 8 to 16. For detectors 4 to 16, although Sub-arctic Summer has higher g
fields. a,, a,, a,, and a3 are the coefficients derived from the regression process. temperature and more water vapor, it has almost same variation as Mid-latitude winter. Therefore, ummary

besides water vapor and temperature, other instrument factors may also affect the striping. The term + LBLRTM results show that the striping pattern in VIIRS SST imagery is most likely

VIIRS SST EDR group found an anomalous striping pattern in daytime SST product, and (BT15-BTy) Is important because It is used in the VIIRS SST retrieval algorithm. The bottom panel related to the difference between band averaged RSR and detector level RSR. The
they developed an algorithm to improve the operational SST imagery. However, we still shows that M15-M16 has larger magnitude of variation than single band, for example, they are 0.072K effective BT difference has some atmospheric dependency. The results are consistent
need to analyze the striping at the SDR or L1b level to reduce the propagation of any and 0.063K for tropical atmosphere in (M15-M16) and M16, respectively. with MODTRAN results.
SR S, 70" p—— Satellite Data Ana ysSIS - Ten case studies using VIIRS SDR BT observation over tropical and polar regions also
B |- , , In order to investigate the relationship between water vapor and striping in VIIRS temperature images, show that the detector level difference in tropical region is more obvious than that in polar
i Figure 1. Suomi NPP VIIRS The SDR brightness temperature observation data in band M15 and M16 are analyzed in sample cases region. The BT bias is larger for warm and moist atmosphere, but smaller for cold and dry
SDR Drightness temperature from 2012 to 2014. Ten cases over the “uniform” clear sky ocean surface near tropical and polar region atmosphere. Band M16 is more sensitive to the atmospheric conditions.
product in M15-M16 over the are used in this study. In each image, the small uniform region under clear sky conditions was selected
| bay of Bengal on July 3, 2014 based on VIIRS Cloud Mask Intermediate Product (IICMO). * In general, VIIRS SDR BT observation has larger variability when comparing with the
(Left); Subset of SDR BT for a model output. It is not easy to effectively validate. The difference due to atmospheric
uniform ocean surface under We used the striping index (called Sl thereafter) defined in a previous study (Li, 2015) to quantify the conditions or water vapor is small and not a dominant factor for striping.
clear sky condition. striping pattern. The cumulative histogram defined by Li is used to quantify the striping in the image:
G . ol | k _  Further study will focus on detector stability and fixed pattern noise.
3000 2500 2000 1500 1000 500 0 6 50 4 30 20 10 0 Hid(k): 1 Z(ZIE(I’I’CI)) y y p
. . .. N g 13 (4) . .
LI ne-by-Ll ne Radiative Transfer Model Acknowledgement: Thanks Yan Bai for providing sample data.
_ . _ _ N Figure 3. The cumulative histogram for Bay of Bengal over tropical region on June 9, 2013 in
LBLRTM [Clough et al. 1981] is an accurate and efficient line-by-line radiative transfer M15-M16 (Left), as well as M15 and M16 (Right)
model which provides spectral radiance calculations with accuracies consistent with the . References
measurements [Clough et al. 2004]. LBLRTM 12 is used In this study to simulate the TOA 1.0 i 1.0 - _ _ _ _
: ! : : I i Clough, S.A., Kneizys, F.X., Rothman, L.S., Gallery, W.O. (1981), Atmospheric spectral transmittance and radiance: FASCOD1B. Proc
spectral radiance under six standard LBLRTM atmospheric profiles. - £ s | 3 | Soc Photo Opt Instrum Eng, Vol. 277, 152—166.
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