e

N

LV S

. ' NOAA Satellites and Information

Al L

Tropospheric Temperature Trend Derived from MSU when
Calibrated using Simultaneous Nadir Overpasses

Cheng-Zhi Zou

NOAA/NESDIS/Center for Satellite Applications and Research

NESDIS/STAR Science Forum, August 18, 200




Acknowledgment

Mitch Goldberg Zhaohui Cheng
Jerry Sullivan Mel Gao
Changyong Cao

Norman Grody

Bob lacovazzi

Dan Tarpl




Contents

e Background

e Simultaneous nadir overpass matchups
* Inter-calibration using SNOs

e Trend results

e On-going work and future plans

R



d Informatio




= Each satellite has 2
a life cycle of a few years g

EZO
I
" Each satellite overlaps [
. . L
With other satellites =
1 2‘1 979 1983 1987 1991 1995 1999 2003
= LECT gradually changes Year
Wit time— Satellite Local E Crossing Time (LECT
- . - atellite Loca ator Crossin me
. orbital drift phenomenon - ;e = T —
——

aa—

R —
"“Merging these satellites
IS a non-trivial task



MSU3

MMMMM

eSurface trend is more reliable
due to higher density of
observational network

MSU weighting functions for Channel 2, 3, 4,
combined 2&4, 2&3 (Courtesy of Mitch Goldberg)

e Radiosondes are sparse for
atmosphere observations o AR e e
and subject to regional and

poral errors due to

- differences in observational
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rescue Surface station temperature time series
(Hansen et al. 2001)
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5-day and global-ocean-averaged time series for NOAA 10,11,12, and 14

obtained from NESDIS operational calibration algorithm




—Warm Target contamination
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Fake Trend Problem
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Fake Trend Problem
—Dlurnzal Cycle

e Ascending plus descending
reduce the effect
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eEffect is small over oceans o A
0.01 K /decade (Mears et al.)
T2 at noon
B-I}f by
OBS time
T1 at midnight T2 at midnight
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Method to find SNO matchups:

e Use Cao’s (2004) method
to find the orbits that
have intersections

e Use time and location
information in the 1B

gﬁe to determine — X
e T P e it !
= two pixels Schematic viewing the overpasses

between two NOAA satellites




Morth {N10 and WN11) ' South (M10 and N11)

SNO Temperature range for CH. 2. 200-250 K
Global temperature range for CH. 2: 200-260 K



MSU Scan Pattern and footprint sizes



oT, difference gets larger
when the SNO pixel distance
gets larger
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STD and biases of channel 2 brightness temperature differences between satellite pairs versus center

distance of the nadir overpass pixels. (a) Biases (b) STD . Linear calibration algorithm at level 0 is
used.
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MSU Sensor —

perature is
measured by PRT

Earth

Conceptual diagram of MSU observational procedure



Level O Calibration Equation

Linear Calibration

RL — Rc +S(Ce _Cc)

(Cw: Ry)

S — Slope

Radiance (R)

Nonlinear Calibration (Mo 1995)

R=R —-R+u’ (C,, 2.73K)

7 _ g2 (Ce B Cc)(Ce B CW) Digital Counts (C)



SNO Radiance Error Model
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SNO Radiance Error Model

Final Regression Equation:

A~ —
e Since absolute values of u cannot be obtained reliably from
SNO, one of the two satellites must be chosen as a reference
satellite. Here NOAA 10 is chosen as a reference satellite and

its pre-launch calibration values is temporally used for
calibration.

eFinal # will be determined by requiring the contamination by
the warm target temperature to be zero.



SNO Nonlinear Calibration—

Nonlinear calibration using SNO
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Scatter plots showing effects of the nonlinear calibration on the error
statistics and distribution of the brightness temperature differences

between NOAA 10 and NOAA 11.




SNO Sequential Calibration

= 7t‘:SSEJ'_|'|"|Tlg‘rﬁlﬁﬁaﬂ—ﬁfl:ﬁ‘avs the reference satellite and using —
~ its pre-launch coefficient for reference

e Obtain calibrated radiance (1b) for NOAA 10

e Compute NOAA 11 coefficients from regressions of
N11-N10 SNO
— . -
ﬂcallbrated radiance (1b) for 1 — ~——
Mabove procedure for NOAA 12 with calibrated NOAA 11
as references



Time.series with NESDIS
operational calibration

Time series with SNO
nonlinear calibration
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Juend\WitheSimpleBiasiRemoyval

o Salliinter-satellite biases still exist
Selutien: simply subtract biases to obtain merged time series.

+ Combined Trend = 0.22° K Decade™

NESDIS
Operational
Calibration
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Reference satellite problem

Trend is determined by i: R=R, —R+ uZ

—> I
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S
/\ |::>< Hn1o

HN1o MN11

Solution: & = H; — H

o Selection of different reference satellite is equivalent to conducting
sensitivity experiments for the u parameter of a single reference satellite



Warm Target Contamination
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Fixing Reference Satellite Problem by

® |0 Small or large, large
warm target temperature
contamination ——T(N12:N11) vs Tw(N11)
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e When 0 IS 25% larger
than its pre-launch value,
averaged warm target
temperature contamination
reaches a minimum (4%)
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e Degree of freedom about
30, correlation is
significant at 95% when
r>>13%



Explaining T,, Contamination Removal
R=R, —R+uZ ¢ =l
ﬂ LT,
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T, Difference When
T,, Contamination Removed
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SNO to accurately determinethe g ——
calibration coefficient differences Pl

: k]
between satellites —— Py 3177
—> results in ZERO inter-satellite biases for SNO N12 N11 2.572 2.254
—>removes temperature-dependent non-
uniformity in biases N14 N12 -1.282 -1.393

- Greatly reduce inter-satellite biases for
gridded dataset
(0.05 to 0.1 K for SNO calibration,
0.5 to 0.7 K for NESDIS operational algorithm)
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values Line: SNO calibration values.



To Anomaly (K)

trends (K Dec’'): this study = 0.198
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e Ocean OK

e |Land needs diurnal
cycle corrections
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‘e MSU Channel 3 bias-distance
ielationship weaker

EXIENESHOND)

eSNO nonlinear calibration also

removes biases

e \Working on combined Ch 2 and

3 trends
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e AMSU biases found

o AMSU has different frequency and resolutions

Dala T (AMSU16—15]

055104 099704 | 22604
Date ¢ bkAD D)

Time series of SNO biases for Ch. 5 between NOAA 15 and 16
(Courtesy of C. Cao)
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o Assimilate Merged MSU 1b to NASA MERRA Reanalysis

(Modern Era Retrospective-analysis for research and
Application) system — Emily Liu

o Impact on all reanalysis variables
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e GPS Radio Occultation




- = A SNO calibration procedure is developed anda

~ Unique set of calibration coefficient is found

= The coefficients remove warm target
contamination and biases

= MSU channel 2 ocean trend after bias and warm
target contamination removal is 0.20 K Dec

ﬁbal thopespheric trend will be available when

g

diurnal cyecl tospheri ling effects are™
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