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Outline

Importance of instrument calibration for understanding climate change

An Sl (International System of Units) traceable technique for noise
characterization

In-orbit standard for characterizing the calibration accuracy
Satellite sensor data record (or level 1 data) reprocessing
Applications of Suomi NPP SDR data

Summary and Conclusions



Desired Observations for Weather and Climate
Applications

(After G. Stephens, 2003, J. Climate)
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Stability: is affected by the derivative of calibration accuracy with time
Uncertainty: a root square of precision (noise) and accuracy



Detection of Climate Trend and Its Sensitivity to
Measurement Precision and Data Length

For a time series of surface temperature, its ;
linear trend can be derived as
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obtained by a IeaSt'Square fit which minimizes Fig. 1 Climate trend calculated from different lengths of
time series with three different observation error variances:

the difference between observations and linear . 1.c ine). 0.3k (green ine) and 1K (red ine)
regression model. M is the record length in year.

Zou , X, 2012, Advances Meteor. Sci.&Tech. (1), 42-43
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Climate Trend Error from Observations

The uncertainty of the trend (a) Is
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Requirements for Construction of
Satellite Climate Data Record

Well characterizes the errors of satellite measurements
Extends the data record length through cross-calibrating measurements
Understands the stability of calibration accuracy

Considers the natural variability in analysing the trend from satellite climate
data record (CDR)



An Sl Traceable Technique for Deriving the Noise of
NOAA Sounding Instruments

Allan variance was proposed by NIST for characterizing the random noise
from a time series which has a variable mean

It was never implemented for meteorological satellite instruments.
Currently, all the NOAA instrument noises are computed by the standard
deviation which is only valid for the stationary mean.

With Allan variance, all the NEDT and NEDN can be Sl traceable
Allan, D. W., 1987: Should the classical variance be used as a basic

measure in standards metrology Instrumentation and Measurement, IEEE
Trans. IM-36, 646-654,



ATMS Noise Equivalent Temperature (NEDT)

For a time series with a stable mean, the

standard deviation of the measurements can be 8 14472
used as NEDT: i
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M. Tian, X. Zou and F. Weng, "Use of Allan Deviation for Characterizing Satellite Microwave Sounders Noise
Equivalent Differential Temperature (NEDT)", IEEE Geosci. Remote Sens. Lett., Digital Object Identifier
10.1109/LGRS.2015.2485945



ATMS NEDT Computed from Standard
and Allan Deviations
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CrlS Noise Equivalent Differential Radiance (NEDN)
Computed from Standard and Allan Deviations
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Establish an in-orbit Standard for Characterizing
Instrument Calibration Accuracy

 Maneuvers Suomi NPP satellite to scan cold space and characterizes the
scan angle dependent bias using physical models

» Develops the best practices for earth scene simulations using the forward
models and high quality atmospheric profiles

o Uses stable earth scenes and terrestrial targets (e.g. moon and star) for
monitoring the calibration stability

Weng, F., H. Yang, X. Zou, 2012: On Convertibility from Antenna to Sensor Brightness
Temperature for Advanced Technology Microwave Sounder (ATMS), IEEE Geosci. Remote.
Sens. Letter, 10.1109/LGRS.2012.2223193



ATMS Cross Track Spot

ATMS Pitch Maneuver February 20, 2012
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Antenna Temperature (K)

ATMS TDR Pitch Maneuver Data for
Characterizing the Antenna Emission
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SNPP ATMS pitch maneuver observations show channel related scan angle

dependent feature, indicate the scan bias is not inherent feature of the scene



Effects of ATMS Flat Reflector Emission on
Brightness Temperature

Quasi-V (TDR) :

RS, =R, +&,(R —~R,)+[& (R ~R,)— & (R~ R, )]sin’ 9—%(1—gh)3’zsin29
Quasi-H (TDR): Bias due to the reflector emission
Ren = Ry +6,(R. —R) +[&,(R. —R,) - &,(R, — R, )] cos’ «9+%(1—gh)3’zsin 20

where

R,and R, are the radiances at quasi vertical and horizontal polarzation which are further related to the radiances at

pure vertical and horizontal polarization, R, and R, . &, and &, are the reflector emissivity at the vertical and
horizontal polarization. R, is the third Stokes radiance component of the scene. R is the radiance emitted
from the reflector. @ is the scan angle. Note that ¢, = 2, — &/ at an indent angle of 45 degree to reflector normal.

Yang, H. and F. Weng, 2015: Estimation of ATMS Antenna Emission from cold space observations,
IEEE Geosci. Trans. Remote. Sens, in press
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CrlS Shortwave IR Band 3 for All Channels during
SNPP Pitch Maneuver Period

Percentage of RAD/BB(280K)

Analyzed from Pitch Maneuver data Regression from Polarization Model

All FOVSI Average Allong Scanlinle Band3 . All FOVsI Average Allong Scanlinle Band3 .

0.00 . N
-0.05 &= a
-0'10 : T L L L i -—7r r r rr r . r 1 T r r T *t r T 1

-40 -20 0 20 40 -40 -20 0 20 40
Scan Angle (Degree) Scan Angle (degree)

Different colors indicate different channels. The results are normalized by Planck
Radiances at 287K.
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ATMS Calibration Accuracy Assessment
Using GPS RO Profiles

e Time period of data search:
January, 2012

e Collocation of ATMS and COSMIC data:

Time difference < 0.5 hour
Spatial distance < 30 km
(GPS geolocation at 10km altitude is used for spatial collocation)

Distribution of collocated ATMS in January 2012
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ATMS Bias Obs (TDR) - GPS Simulated
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ATMS Bias Obs - Sim (GPS RO)

Zz.5
2.4
1.5
1.0
o=
LR
-5
-1.0
-1.5

| | | | | | | | | | | |
e, TOWam. 1 Feb. 1 Mar.l Sapr.1l Mlawvl Jum_ 1 Jual 1 Ang 1 Sept.l Oerl Mow. 1 Dxec. 1 Dec 31

Z5
2.0
1.5
1.4
0
i,
-0 5
=1.0

-1.5 [ [ | | I I I I T [ [ |
Crac. 1{0am. 1 Feb.l Mar. 1l Apr.l Wawl Jumn. 1 Jul 1 Aung. 1l Sept.l Oorl MNMowv.l Dec.l Dec 31

Ch&

‘

25
2.0
1.5
1.4
05
LR
0.5
=1.0

-1.3 | [ | | [ [ I I | | | I
Drec. 1ilan.] Feb.l MMar. 1l Apr.l ©MMayl JTon.ld Jual 1 Aug 1l Sepicl Ooil MNowv.l Dec.l Dec 31

Slide courtesy or Lin LIn 19

Chil

L3

B Ty e Rt




CrlS Radiative Transfer Simulations

e Line by Line Radiative Transfer Model
« (Gaseous absorption
* None Local Thermal Equilibrium emission correction
« Short wave surface reflection

e Inputsto LBLRTM

« Wavelength, solar and satellite viewing geometry, surface emissivity
o Temperature and water vapor profile from ECMWF forecast fields
* Climatology CO2, CO, CH4 profile

o CrlS spectral response function

e Outputs from LBLRTM
e Radiances at all 2211 channels and 9 FOVS
e O-Bateach FOV
* Double difference of O-B between FOVs.



CrlS Individual FOV Bias wrt NWP Simulations
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Building in-orbit Truth for Characterizing the
OMPS Earth View SDR Accuracy

Develop the “truth” simulated from the forward radiative
transfer model at OMPS EV location (Macropixel)

Radiative transfer model must include comprehensive scattering
and absorption processes at UV regions

Accurate understanding of atmospheric and surface status at
OMPS EV location.

The difference between observations and simulations iIs used as
an estimate of on-board calibration accuracy
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Co-located OMPS/MLS Temperature
and Ozone Profiles
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OMPS Observation minus Simulation (O-B)

Relative Error Relative error wrt to Position 18 (nadir)
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JPSS Mission Life Cycle SDR Reprocessing

» SNPP SDR Processing Changes since November 2011
— CrlS SDR from normal to full spectral resolution
— ATMS SDR from Rayleigh-Jean to full radiance
— VIIRS SDR changes from F/H factor updates

— Over 1000 discrepancy reports (DR) filed to fix the anomalies, update in PCT,
LUT, engineering packages, etc.

* Major SDR Processing Upgrades from SNPP to JPSS-1
— CrlIS FSR will implement several new modules to reduce the ring effects)
— ATMS SDR will have some new modules in correction of antenna emission
— OMPS will add more modules to compress and aggregate the RDR
— VIIRS DNB requires special upgrades in geolocation and aggregation

» Starting 2016, SNPP SDR products will be reprocessed every other year

— SNPP ATMS, CrIS and OMPS - 2016
— SNPP VIIRS - 2017



CrlS SDR Algorithm Change from SNPP to JPSS
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SNPP CrlS Full Spectral Resolution SDR

Brightness Temperature (K)

Spectral Range Spectral Resolution
Frequency Band P 8 Number of Channel P
(cm?) (cm)
LWIR 650 to 1095 713 (713) 0.625 (0.625)
MWIR 1210 to 1750 865 (433) 0.625 (1.25)
SWIR 2155 to 2550 633 (159) 0.625 (2.5)
Red: Full resolution mode
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Biases in the Tropics (NOAA-15, MetOp-A, SNPP)
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Three MSU Groups Derived Different
Global Tropospheric Temperature Trend

Example: Middle Tropospheric Temperature.
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ATMS Impacts on Hurricane Sandy Forecast
2012 NCEP HWRF Version

Control Run Control Run +ATMS

—Observations|
=201 2102218
— 200 2102 300
2012102 306
—21 2102312
20012102318
2012102400
2012102406
2012102412
20012102418
— 200 2102500
— 201 2102506
—201 2102512
2012102518
2002102600
2012102606
20012102612
20012102618
2002102700
2012002706
2AN2IET12
20012102718
20012102800
2012102806
2012102812
— 2012102818
201 2 102900
— 200 2102906
— 20121002912
—201 21002918

40°N -

30°N

30°N -

20°N = 20°N

10°N I I I l 10°N | T I |
85°W 20°W T5°W TO°W 65°W 60w 85°W 80°W T3%W TOW 63°W 60°W




Summary and Conclusions

ATMS, CrlS, VIIRS and OMPS onboard SNPP are well calibrated and their performances
In orbit are very stable.

An Sl traceable technigue was developed for computing the noise for microwave and
infrared hyperspectral sounding instruments.

In-orbit calibration standards are fully vetted with SNPP pitch maneuver data. The pitch
maneuver data have led to great scientific understanding in calibration theory and to new
radiative transfer in simulation of satellite measurements.

In-orbit calibration standards are also explored through robust O-B where B is computed
with GPS RO profiles, ECMWF analysis fields and other high quality atmospheric profiles
as inputs to LBLRTM, CRTM, TOMRAD, VLIDORT.

An SDR testbed is being established for JPSS mission life cycle reprocessing and a climate
quality of SNPP SDR products will be generated in 2016 and 2017.

WMO GSICS algorithms and data sets are being extended by JPSS mission for global
consistent the SDR data quality.

SNPP SDR products have been assimilated in many NWP centers and the impacts on the
forecast skills are largely positive. The highest impacts are attributed to new instrument
technology, calval sciences and data assimilation techniques.

39



	�Building High-Quality SDR Products from NOAA Operational Satellites for Climate and Weather Applications 
	Outline
	スライド番号 3
	Detection of Climate Trend and Its Sensitivity to Measurement Precision and Data Length 
	Climate Trend Error from Observations
	Requirements for Construction of�Satellite Climate Data Record  
	スライド番号 8
	ATMS Noise Equivalent Temperature (NEDT)
	ATMS NEDT Computed from Standard� and Allan Deviations
	スライド番号 11
	スライド番号 12
	ATMS Pitch Maneuver February  20, 2012
	スライド番号 14
	Effects of ATMS Flat Reflector Emission on Brightness Temperature 
	CrIS Shortwave IR Band 3 for All Channels during�SNPP Pitch Maneuver Period 
	ATMS Calibration Accuracy Assessment� Using GPS RO Profiles 
	ATMS  Bias Obs (TDR)  - GPS Simulated 
	ATMS  Bias Obs -  Sim (GPS RO)
	CrIS Radiative Transfer Simulations 
	スライド番号 22
	Building in-orbit Truth for Characterizing the OMPS Earth View SDR Accuracy
	Co-located OMPS/MLS Temperature �and Ozone Profiles
	Relative Error
	 JPSS Mission Life Cycle SDR Reprocessing
	CrIS SDR Algorithm Change from SNPP to JPSS 
	スライド番号 33
	スライド番号 34
	Three  MSU Groups Derived Different �Global Tropospheric Temperature Trend
	Impacts of  US Microwave Sounders in NCEP GFS �500 hPa  Southern Hemisphere AC scores for �20140101 – 20140131 00Z
	スライド番号 38
	Summary and Conclusions

