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The key observables for
weather forecasting are
atmospheric temperature,
water vapor, pressure and wind
profiles.

In early 20t century a global
coordinated effort initiated the
radiosonde weather balloon
network.

Satellite were developed to
cover the entire globe with
sounding information

MIRS NPP /ATMS

Ternperatura (K) at 500m




Meteorology 101

e Vertical distribution
of temperature and
water vapor drives
weather patterns
because their
gradients drives
atmospheric motion
influences all
weather conditions




-, Temperature and Water Vapor
' Soundings from Satellites

Satellite observes outgoing radiation
from the Earth’s surface and atmosphere

For temperature, we use the infrared and
microwave part of the outgoing radiation
because in this region there is absorption
of radiation due to relatively fixed gases
— CO2 (infrared) and O2 (microwave)

For water vapor, there are H20
absorption lines in both infrared and
microwave

In the infrared there are more
absorption lines providing higher vertical
resolution but is impacted by clouds.

In the microwave the spectral resolution
is coarser resulting in poorer vertical
resolution but not impacted to clouds,
except for precipitation
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Percent Contribution of Different Observations to Forecast Error Reduction
in the Operational ECWMF System From Sep to Dec 2008
Averaged Over All Model Layers and the Entire Global Atmosphere
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ATMS - Advanced Tech nology

Advanced Features

e Three instruments (AMSU-A1,
AMSU-A2 and MHS) in one
instrument — less power and
weight

e Better spatial resolution (~48 to

32 km) for key temperature
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Resolution: ATMS vs AMSU
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Spectral Differences: ATMS vs. AMSU/MHS
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ATMS is outperforming AMSU
In noise and long-term stability
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Direct Assimilation of ATMS into Models \gff
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Experimental results showing improvements in Sandy track forecasts from
Hurricane Weather Research Forecast model with ATMS
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S-NPP and JPSS Data Products

VIIRS (24)

ALBEDO (SURFACE)
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CLOUD TOP HEIGHT
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CLOUD TOP TEMPERATURE

ICE SURFACE TEMPERATURE

OCEAN COLOR/CHLOROPHYLL

SUSPENDED MATTER

VEGETATION INDEX, FRACTION,
HEALTH
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SNOW COVER

SEA SURFACE TEMPERATURE

LAND SURFACE TEMP

SURFACE TYPE

Joint Polar Satellite System

CrIS/ATMS (3)
ATM VERT MOIST PROFILE

ATM VERT TEMP PROFILE
CARBON (CO2, CH4, CO)
OUTGOING LONGWAVE RADIATION

ATMS (11)

CLOUD LIQUID WATER
PRECIPITATION RATE
PRECIPITABLE WATER

LAND SURFACE EMISSIVITY
ICE WATER PATH

LAND SURFACE TEMPERATURE
SEA ICE CONCENTRATION
SNOW COVER

SNOW WATER EQUIVALENT
ATM TEMPERATURE PROFILE
ATM MOISTURE PROFILE

CERES(1)
RDRs

OMPS (2)

O; TOTAL COLUMN
O; NADIR PROFILE
SO2 and Aerosol Index

GCOM AMSR-2 (11)
CLOUD LIQUID WATER
PRECIPITATION TYPE/RATE
PRECIPITABLE WATER

SEA SURFACE WINDS SPEED
SOIL MOISTURE

SNOW WATER EQUIVALENT
IMAGERY

SEA ICE CHARACTERIZATION
SNOW COVER/DEPTH

SEA SURFACE TEMPERATURE
SURFACE TYPE

Data available through PDA , CLASS, and Direct Readout
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January 2014
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ATMS penetration of clouds reveals the transport of the Polar Vortex that impacted the US with large swath
of record cold temperatures. The peak for DC area was 1/7/14. Above left are vertical cross-sections of
temperature comparing January 4 with January 6, showing normal air temperature at ~ 23000 feet (-45 to
-10 F, Winter) reached the surface on 1/6/14.
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ATMS EDRs supports hydrological applications

Precipitable water & cloud
liquid water

Precipitation type and
rate

Snow cover and seaice
characterization

Snow water equivalent

Land surface temperature
Land/Surface type
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MIRS Vll Rainfall:
July 2014

* SNPP/ATMS data

* Cyclone impacted
Okinawa on 8 July

WoData QT foil 0.00

Rain Rate, mm/h hr ) 2014-07-07 Asc  [V2821}
T i T T

RR >20 mm/h
consistent with

reports post-landfall
(e.g. 340 mm in 24 h)
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Cross-Track Infrared Sounder (CrIS)

# NPP/JPSS - Michelson Interferometer: 0.625,1.25, 2.5cm-?
ﬁ.ﬁ CrlS (resolving power of 1000)
j e Spectral range: 660-2600 cm-1
« 3x 3HdACdTe focal plane passively cooled
(4-stages) to 85K
« Focal plane 27 detectors,
1305 spectral channels
» 310 K Blackbody and space view
provides radiometric calibration
« NEDT ranges from 0.05 Kto 0. 5K
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December 2014
CrlS Full Spectral Resolution

On 12/4/15 - full interferograms are now being transmitted from the SNPP instead of them being truncated on
the spacecraft

Black - high spectral resolution

280 = \ Red - truncated spectral resolution =
~ 260 i =
> ek ke A :
= 240 | il -

220 ) -

200 , , . —:

1000 1500 2000 2500
Wavenumber (cm™")
Benefit: higher spectral resolution in the water vapor IR band . o TON GBS

and in the shortwave IR band. CO requirements cannot be met R O &
without high spectral resolution. Higher spectral resolution ,
water vapor spectral lines will improve water vapor soundings
in upper troposphere.
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AIRS CO for 2010 Russian Fire, CRIS CO will
have the same performance
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CrlS Noise (NEdN)

HEQH
Teor =257 K

The noise levels substantially better than
specification

Radiance (mW/m?2 sr cm-1)

Credit: Yong Han (NOAA)
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Sounding Strategy In Cloudy Scenede?

Co-locate infrared and microwave

INstruments
TYPICAL ONE-DAY SCAN PATTERN AIRS/AMSU IFOV
60 1.1° x 0.6° AIRS
50 25% Underlap
E at Nadir
2 40 ~ NADIR
w
a
S
E 30 3.3° AMSU-A
20 L
10 Scan 1 HSEB
Direction

150 120 90

LONGITUDE (Deg)

AIRS SCAN GEOMETRY

= Altitude: 705 km

» Scan Period: 2.667 s
Direction * Ground Footprints: 90/Scan
of Flight

Le Marshall et al., 2006

AIRS, IASI, and CrlIS all acquire
324,000 FOR’s per day!
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S-NPP and JPSS Data Products

VIIRS (24)
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Joint Polar Satellite System

CrIS/ATMS (3)
ATM VERT MOIST PROFILE
ATM VERT TEMP PROFILE

CARBON (CO2, CH4, CO)
OUTGOING LONGWAVE RADIATION

ATMS (11)

CLOUD LIQUID WATER
PRECIPITATION RATE
PRECIPITABLE WATER

LAND SURFACE EMISSIVITY
ICE WATER PATH

LAND SURFACE TEMPERATURE
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SNOW COVER

SNOW WATER EQUIVALENT
ATM TEMPERATURE PROFILE
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CERES(1)
RDRs
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O; NADIR PROFILE
SO2 and Aerosol Index

GCOM AMSR-2 (11)
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PRECIPITATION TYPE/RATE
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SEA SURFACE WINDS SPEED
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Data available through PDA , CLASS, and Direct Readout

| 20



List of operational retrieval products

Credit: Gambacorta, Liu, Reale, Nalli, Barnet

. NUCAPS Temperature retrieval @ 500mb
Retrieval Products (January 5t 2014 Polar Vortex Anomaly)

Cloud Cleared Radiances 660-750 cm-1
2200-2400 cm-1

Cloud fraction and Top 660-750 cm-1
Pressure

Surface temperature window

Temperature 660-750 cm-1
2200-2400 cm-1

Water Vapor 780 — 1090 cm-1 i =
1200-1750 cm-1 — _—

03 990 — 1070 cm-1
al @5

CO 2155 - 2220 cm-1
1220-1350 cm-1

660-760 cm-1

latitude {deg)

1290-1300cm-1
2190-2240cm-1

760-1320cm-1

1343-1383cm-1

lengitude {deg)
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Global RMS Statistics ve ECMWF Analysis
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* Retrieval performance is stable and consistent across the three platforms.

* CrIS comparable to AIRS and IASI (10+ year maturity systems)

* Physical retrieval (solid) shows significant departure from first guess (dash line)




RMS Statistics vs ARM TWP, SGP, NSA
Dedicated RAOBs
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SUMMARY ON MW+IR RESULTS vs JPSS L1RD REQUIREMENTS
RESULTS JPSS L1RD

MW+IR RESULTS JPSS L1RD MW-+IR WATER
TEMPERATURE VAPOR
30 —300mb 1.5K 100 - 600mb 35%

1.6K 600mb -SURF 20%

300mb - SURF




CrlS Total Totals Index

e Assessing convective instability for e Eifl?hood g
potential of severe weather by . Moderate
NATAS)

Thunderstorms
With scattered
severe t-storms

e Outgoing longwave radiation for a
variety of precipitation and tropical
dynamical diagnostics applications
by the NOAA Climate Prediction
Center CriS Equivalent Potential Temperaturs K]

e CriS — OMPS blended ozone for ”I . 1

night-time ozone products o

500

130

Pressure [mbar]

20

e Transport of CO from fires and
pollution. SO2 plumes from
volcanoes. oo
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AWIPS 2 NUCAPS Tralnlng on Youtube
fha’nks to Scott Lindstrom, Chrls Barnet, Brian Motta and







jpss.noaa.gov (

JPSS Science‘Seminar&
focus on emerging S&s
JPSS capabilities &
and how they can|l \be
qmckiy transltluneci into
et s DR
suwrt fo NOAA
ﬂperatmnawmssmnﬁ.

Want to know more abﬂpur
JPSS Science Semine_r_s_r?
Join the JPSS Science Seminars
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'VIDEO
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IMAGE
GALLERY

CLICK HERE TO VIEW

Science Seminar Annual Digest

On behalf of the Joint Polar Satellite System (JPSS) Program Science, it is my pleasure to
share with you our science digests, which are a collection of technical articles generated from
a series of monthly science seminars. The digests capture the importance of the close
collaborative efforts between product developers and key users to conceptualize and develop
new products that help improve the use of JPSS data to enhance key services, such as
forecasting of severe weather events and environmental monitoring of land, ocean and the
cryosphere. | would like to thank our federal staff, private sector support staff, and university
partners whose contributions and dedicated efforts have made JPSS a big success.

The JPSS program is committed to ensuring that its user community is prepared to utilize the satellite imagery
and data available from JPSS — the United States' next generation polar-orbiting operational environmental
satellite system. JPSS provides environmental cbservations which are used in a wide range of application areas
that include severe weather, hazards, aviation, ocean, coastal, land, imagery and data assimilation.

2013 2014
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0 we Seminar Annuoal DI}__L.d

2014

Lience Seminar Annual Digest
2013
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it Summary

Both CrIS and ATMS are critical for forecasting — at all scales
— particularly for the 3-7 day weather forecast.

ATMS provides rain and snow rates, ice and snow cover
information, and snow water equivalent

CrIS provides soundings for real-time instability
assessments, and trace gases for monitoring greenhouse
gases and their transport.

Both sensors have low noise and excellent long-term
stability that will enable more accurate climate change
monitoring.

The sounding products (NUCAPS and MIRS) are available

through the NOAA operational product generation system
for global data and the CSPP Direct Readout Software.

27




	CriS and ATMS Applications
	Topics
	Sounder -Background
	Meteorology 101
	Temperature and Water Vapor Soundings from Satellites
	Slide Number 6
	ATMS  - Advanced Technology Microwave Sounder
	Slide Number 8
	Spectral Differences: ATMS vs. AMSU/MHS 
	ATMS is outperforming AMSU �in noise and long-term stability
	Slide Number 11
	S-NPP and JPSS Data Products
	Slide Number 13
	ATMS EDRs supports hydrological applications
	MiRS V11 Rainfall:�Typhoon Neoguri on 7 July 2014
	Cross-Track Infrared Sounder (CrIS)�
	December 2014�CrIS Full Spectral Resolution
	CrIS Noise (NEdN)
	Sounding Strategy in Cloudy Scenes
	S-NPP and JPSS Data Products
	List of operational retrieval products
	CrIS   IASI   AIRS�Global RMS Statistics vs ECMWF Analysis�(dash lines = first guess)
	NUCAPS MW+IR� RMS Statistics vs ARM TWP, SGP, NSA Dedicated RAOBs�
	CrIS Applications
	AWIPS-2 NUCAPS Training on Youtube�Thanks to Scott Lindstrom, Chris Barnet, Brian Motta and others
	Slide Number 26
	Summary

