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Opportunities & Challenges for
Leveraging Non-NOAA Satellite Data

NOAA'’s geostationary and polar satellite programs do not meet all existing and evolving NOAA user data and
information needs.

NOAA can close some of these observing system gaps by leveraging extensive investments that other space
agencies have made in environmental satellites.

This cost effective approach, leveraging non-NOAA resources at a fraction of a complete satellite mission life
cycle cost, enhances NOAA's ability to successfully execute its mission, with corresponding socio-economic
benefits.

However, no overarching institutional framework or infrastructure within NOAA systematically acquires,
processes and distributes non-NOAA satellite data in support of user needs.

Therefore, need to implement within NOAA the capabilities for timely, routine and sustained exploitation of
high priority non-NOAA environmental satellite data from operational as well as research & development
missions.

Capabilities required include acquisition & (secure) ingest of data, development of algorithms, products,
applications, and data assimilation demonstration, and the generation, calibration, validation, distribution,
monitoring, transition to operations and utilization of these data.

These can be provided through an enterprise satellite mission-services framework that employs consistent
processes (scientific, technical, & programmatic) to exploit non-NOAA mission data.

A mission agnostic, measurement-based approach will ensure highest priority key observables across the
atmospheric, oceanic and terrestrial domains are generated on a routine and sustained basis.
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Ex. Non-NOAA Satellite Fly Out

From the CEOS Database (1)

Mission Name 2014 2015|2016|201?|2018|2019 2020 12021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028

ADM-Aeochis
AlSSat-3
AMAZONIA-1
Arctic-M N1
Arctic-M N2
CARTOSAT-2E
CSG-1

CSG-2
EarthCARE
EnMAD

FY-3D

FY-4A
GCOM-C
GEO-KOMPSAT-2A
GEOQ-KOMPSAT-2B
GISAT
GOSAT-2
GRACE FO
ICESat-11
Ingenio
INSAT-3DR
KOMPSAT-6
Meteor-M N2-1
Meteor-M N2-2
Meteor-M N3




4 .
Non-NOAA Satellite Fly Out

From the CEOS Database (2, et al.)

Mission Name 2014 [2015 | 2016 [2017 [ 2018 [ 2019 | 2020 [2021 [ 2022 [ 2023 | 2024 [2025 [ 2026 | 2027 [ 2028 [2029 [ 2030 | 2031 [2032 [2033 | 2034 | 2035 [ 2036 [ 2037 [ 2038 [2039

Meteosat-11
MTG-11 (imaging) : i - . - - -
MTG-12 (imaging) O —)

MTG-I3 (imaging) L S —)
MTG-I4 (maging) )
MTG-S1 (sounding) L ——)

MTG-S2 (sounding)
Norsat-1 (S —)
PAZ (S ——]
PRISMA S —)
RADARSAT C-1
RADARSAT C-2
RADARSAT C-3
RESOURCESAT-2A
SAGEI o
SAOCOM 1A

SAOCOM 1B e
Sentinel-1 B ' :
Sentinel-2 A f

Sentinel-3 A
Sentinel-3 B
Sentinel-5 precursor
TEMPO

VENUS

)
R ———
]
e —
Sentinel-2 B e ———)
SRS
(S——)

- /




Scientific enterprise approach along observing system “highways”:
Cal/Val; Algorithm & Product Development; Data Distribution,

Measurement-based approach in support of users: Ensuring continuity & coverage
Observing System Highways: Utilize satellite data from NOAA & non-NOAA missions
Leverages existing science, technical, programmatic et al. infrastructure in NESDIS

— Observations Observations only Non-NOAA missions augment Non-NOAA missions
from NOAA available from NOAA missions: Gap Filler complement NOAA missions:
missions Non-NOAA missions (Time, Space, 1Spectral etal.) Redundancy; Risk Reduction
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Measurement-based approach in support of users: Ensuring continuity & coverage
Observing System Highways: Utilize satellite data from NOAA & non-NOAA missions
Leverages existing science, technical, programmatic et al. infrastructure in NESDIS

Observations
from NOAA
missions

Non-NOAA Data
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Example of mission-agnostic, measurement-based
enterprise approach: SAROPS Processing Chain

TerraSAR-X &—
Tandem-X&_
Radarsat-2 &_
Sentinel-lﬁ—

COSMO
SkyMed

Operational

Future
SAR
satellites

SAR Ingestor

Level O

NRCS
Info

IMS Ice
Mask

Model
Winds
(GFS etc.)

Land Mask
(GSHHYS)

Level 1

A

v

v

Test products can be produced

4 )
Ice mask / class.

(Ice mask / class.\

SAR Ice . . PNG, KMZ,
—» mask& —| nNtheOriginal L1 “coomer” Lyl NCEI Archive
projection DF
class. (NetCDF) nelCDF.
_ AWIPSII )
N ) (" OilMask )
Qil ’gi\is'i(nlgl the PNG, KMZ,
—> OilMask —» lgin |  GeoTIFF,
projection
(NeCDF) netCDF.
\ / \_ Shape files /
< Il 4 )
. Wind Field in the ciRic
__, Wid ) ongna £ ) FISSEE | -
Speed Projection netCDE. NCEIlArchive
netCDF '
( ) \_ AWIPSIl )
4 N\ (" windField ) R
Ocean Ocean Wave PNG, KMZ,
—> Wave —> Spectra > GeoTIFF,  —¥%| NCEI Archive
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4 N\ (" WindField
Ship Ship Detection PG, Uiz,
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Copernicus Missions: The Sentinel Series && eSa

U Flagship of the European Space Policy
U Led by the European Union
pernICUS U Europe’s contribution to GEOSS

U European capacity for global, timely and easily
accessible information about climate, environment &
security

‘ S1A/B: Radar Mission
@ S2A/B: High Resolution Optical Mission

S3A/B: Medium Resolution Imaging and Altimetry Mission

S4A/B: Geostationary Atmospheric Chemistry Mission

S5P: Low Earth Orbit Atmospheric Chemistry Precursor Mission

S5A/B/C: Low Earth Orbit Atmospheric Chemistry Mission

Jason-CS/Sentinel-6 A/B: Altimetry Mission



Copernicus: European Sentinel Missions

Sentinel-1A/B Sentinel-2A/B Sentinel-3A/B

(3 Apr 2014, 2016) (23 Jun 2015, 2017) (~31 Oct 2015, 2017)

C-band synthetic aperture radar Optical imagery -13 bands for ~ Seaand Land Surface

(SAR) land observation (MS') Temperature Radiometer
(SLSTR), Ocean and Land Color

Applications: Applications: Instrument (OLC!), Synthetic

- Sealce/Cryosphere e Land management aperture radar altimeter (SRAL)

e Marine winds and waves * Biomass .

. Oil spills + Water management Applications:

. Ship detection « Urban Mapping * Ocean color and land

reflectance

* Sea, land, and ice surface
temperature

* Fire monitoring

» Seasurface topography,
winds, significant wave
height

» Coastal monitoring, etc.



High-Resolution SAR-Derived Wind Speed Products
Bill Pichel & Frank Monaldo

Operational RSAT2 wind speed
2015-02-04 04:05 UT

Googleearth

Pre-operational S1A wind speed
2015-01-08 02:46 UT

100 mi




Interactive and Automated
Techniques for Oil Spill
Analysis Using (SAR) Imagery

-
Deepwater
Horizon Fire
4/21/2010

TCNNA Analysis GOM Qil Spill. Envisat May 2

EXPERIMENTAL MARINE
POLLUTION SURVEILLANCE
_ REPORT

Y@ ESA2010

Satellite, Dara and Inf NOAA/NESDIS)

REPORT DATE: May 02, 2010
REFPORT TIME: 14457 (0945 CDT)
ANALVST WARREN

DATASOURCE: ENWVISAT ASAR WY © ESA 2010
MODE: WIDE SWATH

RESOLUTION: 150 Met

IMAGE DATET IME SIEIZFZEH 003517 (501402251 COT)

Legend

Anomaly 3

2 :
+ Location of Deepwater Horizon Platform:

[28°44'12" N /88°23"14" W | \
1,560 k| Estimated Araa of Anomaly Anomaly
REMARKS:
Annmaly(\lk)h dﬁd Iwadfnmp h

m ar

T"NNﬁO tput on May 2, 2010 EN VISAT SAR
2274 Km"2 were detected a

of the Satellite Anal;
We will do our best

ally mairtai .
ailable in a timely manner.

Interactively derived Marine Pollution Automated Texture Classifying Neural Network
Surveillance Report issued by NESDIS/OSPO (TCNNA) oil spill map for the same day. This
Satellite Analysis Branch for May 2, 2010, algorithm is being developed in a collaboration
during the Deepwater Horizon incident. between NESDIS/STAR and Florida State Univ. for

future use as an automated oil spill mapping tool.






WEATHER.

" THE BLADE

Mo One af America’s Great Newspapers

¥
cloudy

Complete Forecast—
#| NEWS | SPORTS | A&E | BUSINESS | OPINION | OURTOWNS
HOME —NEWS— LOCAL

Soenes like thi e comman this moming as are s maveled all over in search of bortled water.
THE BLADES JETT. Eniargs | Buy This Photo

Pisbet Sty 520014 Upinet i (40199 [9()1] 4

Toledo-area water advisory expected to continue
through Sunday as leaders await tests; water
stations to remain open

Microcystin found in samples: boiling not recommended

BY TAYLOR DUNGJEN AND DAVID PATCH
BLADE STAFF WEITERS

Teledo’s public water will remain under a do-not-drnk advisory until at least 6 am. Sunday pending
the refumn of results from test samples sent ot to three different laboratores, Mayor D. Michael Collins
said dunng an evening news conference.
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@ Experimental Lake Erie Harmful Algal Bloom Bulletin

National Centers for Coastal Ocean Science and Great Lakes Environmental Research Laboratory
SIS 24 August, 2015, Bulletin 13

The Microcystis cyanobacteria bloom continues across a large part of the western basin along the Michigan and Ohio coasts and into
the central basin. The recent southwesterly winds have pushed the bloom northward along the Michigan coast. Moderate to high
concentrations extend eastward to midway between Cleveland and Rondeau, Ontario. Scum has been scattered in the last few days.
Microcystin toxins are still present in the bloom, but the concentration has decreased in general. However, scum areas remain a
significant risk.

Strong, westerly winds are expected through Tuesday, creating strong mixing. A possible shift to NW winds on Wed and Thursday may
favor southward movement. Milder winds on Thursday may reduce mixing, giving greater potential for scum formation. The
persistent bloom in Sandusky Bay continues. No other blooms are evident in the central and eastern basins.

Please check for updates on Ohio State Parks at Ohio EPA's site, http://epa.chio.gov/habalgae.aspx. Keep your pets and yourself out
of the water in areas where scum is forming.

-Stumpf, Tomlinson

Figure 1. Cyanobacterial Index from NASA's MODIS- Agua data collected Figure 2. Nowcast position of bloom for 24 August, 2015 using
22 August, 2015 at 13:10 EST. Grey indicates clouds or missing data. Black GLCFS modeled currents to move the bloom from the 22 August,
represents no cyanobacteria detected. Colored pixels indicate the 2015 image.

presence of cyancbacteria. Cooler colors (blue and purple) indicate low

concentrations and warmer colors (red, orange, and yellow) indicate high

concentrations. The estimated threshold for cyanobacteria detection is

20,000 cells/mL. NOAANOS CO-0PS

LT STLLLLE WL LTI LWELL 1Tl SRR JTLL WAL 1V LIETT MLLICETL AOANE GEANLITE, LFLG YWl A LVLIRIATL S

said dunng an evening news conference.




NOAA Utilization of MERIS/OLCI Ocean Color Data:
Harmful Algal Blooms, Ecological Forecasting & More!

MERIS data declared operational by SPSRB
in Jan 2009; however, Envisat failed in 2012.

Chlorophyll-a/anomalies were generated
from MERIS amongst other ocean color
products, supporting NOS et al. users

Coastwatch/NOAA was a “Champion User”
for the ESA Coast Colour Project, supporting

_ NESDIS efforts have resulted in the generation and
STAR and others in NESDIS are now flow of experimental and operational ocean color
actively working to facilitate acquisition of products to the NOAA & broader user communities.

the follow-on Sentinel-3 (OLCI et al.) data to
support NOS HAB & other U.S. user needs. =

Experimental Lake Erie Harmful Algal Bloom Bulletin
\"e‘. Mational Centers for Coastal Ocean Science and Great Lakes Environmental Research Laboratory

e bloamm rerar Mavimes r;«;. sy
¢ brer sarvall patchers of scum from the

. Oleci r 1 fe cays. Vitods taday »15 kn |up LI, g of the bloom.
L | blc Ots) @ ex pecta I the .'aake I hil I ould causa the b k>-<> t Intensify at tha surface and produce
pal ;- scum.

Sentinel-3/OLCI, like Envisat/MERIS, has
improved spatial resolution (300 m), useful
for coastal/inland waters, and especially has
additional spectral bands — and as such is a
vital complementary capability to VIIRS
(especially as provides mid-morning orbit). =

Ly, Stumpk, Temlin

STAR is supporting ESA/EUMETSAT as part
of the Sentinel-3 Validation Team (3 projects)


http://coastwatch.noaa.gov/

Key Sentinel land data needs

SLSTR: Active fire detection and fire radiative power

— Provide MODIS/VIIRS compatible fire observations on mid-morning orbit to
monitor diurnal cycle

SLSTR: Land surface temperature

— Additional LST observations combining with VIIRS compatible LST
observations for gridded LST data that can be used for Weather model
assimilation and evaluation

OLCI: Vegetation indices

— can be designed to provide continuity and potential gap filler with derived
SNPP/JPSS VIIRS Vegetation Indices

SLSTR / OLCI / MSI: Integration within Land Product Characterization
System (LPCYS)

— intercomparison with NOAA land products

SLSTR / MSI: surface type change detection

— complimentary to VIIRS observations and for validation of VIIRS surface
type products



Satellite Ocean Surface Vector Winds

ASCAT Daily Coverage Example

ASCAT 25KM NOAL Winds Aug 28 21:14 UTC 2012 ascendigl
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NOAA Satellite Ocean Surface Winds Science Team
http://manati.star.nesdis.noaa.gov/

OSVW data supports wind and wave warning and
forecasting

ASCAT data from EUMETSAT operational at NOAA
OSCAT data from ISRO was in operational
demonstration phase prior to its failure in 2014
NOAA P-3 used to fly a profiling scatterometer system
(IWRAP) for validation and improvement of satellite
algorithms in tropical (hurricanes) and extratropical
cyclone conditions

C and Ku-band
Four simultaneous beams @ [
30,35,40,50 Deg. Incidence y

Range Resolution:

T
15,30,60 & 120 m g i
ey =9 'Pi)I

/2 Tk

Goal: Provide the

best possible
product and
training to end
users



“enter and

19/17

———————— e e ek

—w,

QSCT 14113071250

-140 —150 —1éD —131.[



_df”wm““%_ . Py
i@_slmportance of GPM from NOAA’s Perspective/ %
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e Strong connection to several NOAA mission goals
— Weather Ready Nation, Climate Adaptation and Mitigation
— Only agency responsible for operational “water” forecasts

e Continuity of “operations” for TRMM
— GPM-core - higher inclination than TRMM (65 vs. 35 deg.)
» Serves as calibration anchor for algorithm development/tuning
— GPM has more advanced payloads (GMI vs. TMI; DPR vs. PR)

e Precipitation Constellation
— DMSP, POES, MetOp, JPSS, GCOM, ... are all part of it
— Synergy with our own satellite programs (POES/JPSS and GOES/GOES-R)

— Enables new multi-sensor (+ in-situ) blended precipitation products that will
lead to major improvements for

e QOperational monitoring/forecasting
* Monitoring of seasonal to inter-annual variations, as well as long-term trends

— Can improve our understanding of precipitation impact on other variables, e.g.,
soil moisture (SMAP, SMOS) and salinity (SMOS

e We are leveraging off huge investment from NASA & JAXA

— Sensors and launch vehicles.... ~ S1 Billion

— NASA science team ~ S8 M/yr — state of the art science & processing system
* NOAA “historical” investment about $S500 K/year from a variety of programs



""Achieve < 3-hourly global coverage
— Global monitoring of “storms”
— Tuning of merged GEO/MW algorithms (<30
min)
e GOES & GOES-R

— NWP data assimilation (L1 data)
e (OSSE’s show improved TC track prediction

— Climate monitoring and prediction
e NOAA/CMORPH, GPM/IMERG

* Develop inter-satellite calibrated data sets
for Climate Data Records

— Need high precision GMI as anchor

e High latitude precipitation - Alaska
— Beyond GOES capability
— Sensitive to cold season precipitation

* Integrated precipitation products
— Satellite + radar + gauge TR
— Reduce number of NOAA product systems e\

BisoceSSENSHBARERRED o Y Lo, o -



Satellite Sea-surface Salinity (SSS)

e Salinity = fundamental ocean state parameter

e Satellite SSS data availability:
— Only non-NOAA sources
— ESA Soil Moisture — Ocean Salinity (SMOS) mission
— NASA Soil Moisture Active-Passive (SMAP) mission

e Application:
— Ocean/regional modeling/prediction
* NOAA’s Real-Time Ocean Forecast System (RTOFS)
* NOAA'’s West Coast Operational Forecast System (WCOFS, under development)
— Coupled modeling/prediction

* NOAA'’s seasonal-interannual Climate Forecast System (CFS) - Global Ocean Data
Assimilation System (GODAS)

* Coupled hurricane modeling
* Coupled ocean-atmosphere-cryosphere modeling

— Hydrological cycle

* Climate Prediction Center operational salinity/evaporation/precipitation analyses and
trends

— Ecological forecasting

* QOcean acidification
— Fundamental for deriving acidification parameters and rates
* Habitats

* Density fronts



GOES-R ABI Aerosol Detection
Product Algorithm on H-8 Data

Himawari-8 L1B data obtained from AIT

Himawari-8 Cloud Mask data obtained
from UW-Madison

Aerosol Detection Product algorithm
applied to H-8 data collected on March 25,
2015

— No dust of smoke detected for 1700 UTC -
(night) but false smoke detected for 0230
UTC (day). 2015 1700 UTC

— Data artifacts (false smoke) in H-8 data due
to striping. RGB images for every hour of
the day were also generated. Significant
striping especially in the twilight zone
(movie available but not shown here).

— JAXA working on a fix to the striping issue

GOES-R ABI algorithms ran successfully on H-8 data
and results indicate that L1B radiances need to be
accurate to minimize data artifacts in retrieved
products




Aerosol Optical Depth from Himawari-8

AQT550 * Aerosol optical depth
’ (AOD) estimated from
Advanced Himawari
Imager (AHI) data at
2:30 UTC on March
25, 2015. The GOES-R
ABI algorithm was
used.

* NCEP reanalysis data
for water vapor, wind
speed/direction,
model surface
pressure/height were
used

* O, is from
climatology.




CryoSat Operational Polar Monitoring

Home Sealce Ice Sheets Ice Caps

Arctic Sea Ice Thickness Maps
Arctic sea ice thickness processed at UCL from CryoSat's SAR mode data:

Latest from Near Real Time Data Final Precise Data

14-days (= 28-days Autumn S 2014

22-May-15: NRT Service Stopped until September 2015. Sea ice thickness
cannot be accurately measured from CryoSat during the Arctic summer
period, due to the formation of melt ponds on the sea ice surface. These
ponds interfere with the radar signal and measurement method.

) 2-days

Latest Skm Grid of 28-day Thickness : 22/4/15 - 19/5/15

Click in map for
local and basin
thickness

time series

() cpom/esa

Sea Ice Volume and Thickness

Science Data About

Arctic Sea Ice Timeseries

Display the change over time in sea ice thickness
or volume over the whole Arctic, an ocean basin,
or thickness at a point location:

Show :  Volume (« Thickness

Select Location of Thickness Time Series or click on Map.

Select by Point @ All Arctic  © (i ]

The plot below shows the timeseries of Monthly
mean sea ice thickness calculated from CryoSat
precise and near real time (NRT) data over the

whole Arctic area of sea ice extent.

Whole Arctic Thickness

44+ PIOCSO -3 Noar Foal Tima
T T

oo Mar o Sop Cao Mor A Bop Oos Mar Jun Bap Das Mar Jun Bap Daa Mar
1 1 I I I

= e 203 a3 208

A timeseries at a single location and Arctic basin
can also be displayed by clicking on the sea ice
thickness maps on the left or by entering a
latitude and longitude location and choosing
Select by Point in the panel above.

CPOM Sea Ice Report

Report Date: 20-July-2015

Credit: University College London
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So, the question is.......

O

e How do we (NOAA) proceed with the acquisition,
development and (operational) distribution et al.
of non-NOAA data (foreign & domestic) in the

JPSS (polar)/GOES-R (geo) era in support of user
needs?
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Thanks to the JPSS Proving Ground & Risk Reduction
initiative for making this class POssiblel @
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Sample Sentinel-1A wind images:
2014-12-31 20:19:38 UTC
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Sentinel-1A Wind Speed Retrieval Baltic Sea

{Halmstad

July 6, 2015, 1652

Wind Speed {knots)

i 2 30 40




	Slide Number 1
	Opportunities & Challenges for �Leveraging Non-NOAA Satellite Data
	Ex. Non-NOAA Satellite Fly Out �From the CEOS Database (1)
	Non-NOAA Satellite Fly Out �From the CEOS Database (2, et al.)
	���Measurement-based approach in support of users: Ensuring continuity & coverage�Observing System Highways: Utilize satellite data from NOAA & non-NOAA missions �Leverages existing science, technical, programmatic et al. infrastructure in NESDIS
	���Measurement-based approach in support of users: Ensuring continuity & coverage�Observing System Highways: Utilize satellite data from NOAA & non-NOAA missions �Leverages existing science, technical, programmatic et al. infrastructure in NESDIS
	Example of mission-agnostic, measurement-based enterprise approach: SAROPS Processing Chain
	Copernicus Missions: The Sentinel Series
	Slide Number 9
	Slide Number 10
	Interactive and Automated Techniques for Oil Spill Analysis Using (SAR) Imagery
	Slide Number 12
	Slide Number 13
	Slide Number 14
	NOAA Utilization of MERIS/OLCI Ocean Color Data: �Harmful Algal Blooms, Ecological Forecasting & More!
	Key Sentinel land data needs
	Satellite Ocean Surface Vector Winds
	NASA RapidScat on ISS�Available to NWS/NCEP Ocean Prediction Center and National Hurricane Center from STAR since 11/19/14
	Importance of GPM from NOAA’s Perspective
	Slide Number 20
	Satellite Sea-surface Salinity (SSS)
	GOES-R ABI Aerosol Detection Product Algorithm on H-8 Data
	Aerosol Optical Depth from Himawari-8
	Slide Number 24
	So, the question is…….
	So, the question is…….
	Slide Number 27
	Slide Number 28
	Sample Sentinel-1A wind images: �2014-12-31 20:19:38 UTC
	Sentinel-1A Wind Speed Retrieval Baltic Sea

