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3. Calibration algorithm
1. Purpose g 5. Results
) . ) ) . R =R, +S(C,-C,) (1) - Linear calibration equation; c B o v weprpemros
« To re-calibrate MSU observations at level 0 using simultaneous nadir overpasses . o032 e
« To generate well-calibrated and well-merged multi-satellite MSU 1B data for R, > Earth-view radiance by linear calibration
use_ by th_e climate community i R, - Cold Space Radiance, fixed value; C; - cold space raw counts; C, > Earth-view raw counts;
« To investigate the MSU trend derived from the well-merged 1B dataset
» To compare with previous trend studies and identify problems with previous use of s-R-R @ > slope: 0 e
the MSU data G -G @ ®
* To provide a guidance on the future use of MSU data R, Blackbody target radiance;  C,, > Blackbody target raw counts Five-day averages of ascending and descending “Time series and trend for the pentad dataset of the global ocean-averaged MSU channel 2
i i i i . - . orbits for NOAA 11 for the period of October 1-5, brightness temperature for NOAA 10, 11, 12 and 14 with linear calibration algorithm. (a)
+ To provide the climate community an observed reference on the tropospheric R,=R —-dR+uS*C,-C,)(C,-C,)=R —R+uZ (3) = nonlinear calibration equation; | | 1988. Pixels 5, 6, and 7 are used in generating the Inchvicualtime sties and trend for NOAA 10,11, 12 and 14. (b) Combined e serieg ;r\d
temperature trend . ) . - pentad data trend for NOAA 10, 11, 12 and 14. The mean biases between different satellites has been
R, > Earth-view radiance by nonlinear calibration; removed with NOAA 10 as the reference satellite.
2. SNO dataset SR > constant offset; u -> nonlinear calibration coefficient
N ew e e 4. Calibration with SNO dataset . - e o oo -
;:: —— -~ R;(t;, X;)= R'J (t;.X;)+&; - observed radiance R by satellite j at time and location (t;, X ;) N -
= : T e o e e
— Rt X,) = Ry (1, X))+, > observed raince R by saelft k at time and lcaton (t, X, ) e
I R’ error fres measurement, & > noise: o @ ®)
— » . Taking differences 1 Global ocean-averaged pentad time series o
quator crossing time (LECT) of the ascending orbit and trend of the nonlinear Z term for Time series and trend for the pentad dataset of the global ocean-averaged MSU channel 2
of NOAA satelltes . . NOAA 10, 11, 12, and 14. Unit for Z is 10° brightness temperature for NOAA 10, 11, 12 and 14 with nonlinear calibration algorithm. (a)
AR=R, t,X)-R(t;, X))+ & —€&; +AR (At, AX) 5 (MW)? (st m2 cmr) 2 . Individual time series and trends for NOAA 10, 11, 12 and 14. (b) Combined time series and
_ [ [ i trend for NOAA 10, 11, 12 and 14. The mean biases between different satellites as shown in
Using (3) 1 Table 6 have been removed with NOAA 10 as the reference satellite
I
e the global uring taer overlap periods for both ine
: ; i s ocean- ovelap periods for ar
AT e AR —AR+U Z, —U; Z; = & —&; + AR(AX) {4) > Error equation for any SNO data pairs = K N om0 cafrarion and poalnear calration for Case 2. Bisses are computed it the spetil-ist a fime-second
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Wesolve AR =R, — ml ,U,,and u; using regression method; however, colinearity between Z, and Zi oo [y vt Tand & T (0 I loen al | B (R B
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Relationship of the Channel 2 Tb differences between has to be considered (see figure). With colinearity, only Scatterplot showing relationships of [ i

NOAA 10 and 11of the nadir pixels versus time window
for the SNO dataset. The maximum spatial distance for AdRand Au=U, —U; can be reliably obtained from o
the SNOs is set to be 111 km. Note that when the time

the Z factor between NOAA 10 and
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difference is larger than about 100 seconds, not many " L E 1)2, The regression NI0 N2 0691-0881 |19 0198 018
regression method. Therefore, SR and u for reference satellite em?)2 T el no
SNO data pairs can be found coefficients for the fitting line
. - R | isexpressed as Time series and trend for the pentad dataset of the global NI N2 0691-1284 | 261 0646 (B) 0084
have to be a priori from pi C 7 -pz,+ ocean-averaged MSU channel 2 brightness temperature for
- a NOAA 10, 11, 12 and 14 with NESDIS operational calibration NI2 N4 0495-1188 [ 267 0343 (8 0143
Here (R =0and u =5 for reference satellite NOAA 10. algorithm.
om0 B (T m-;a a«,m * EE ) -wlxix:m Brlghtness temperature of linear calibrated (T)) T o oo oo o oo
b = = o] Ohnras ) Scatter plots showing effects of the nonlinear = e st o o
calibration on the error statistics and distribution of the - -
Scatterplot of the brightness temperature difference versus the center distance between two nadir pixels of the overpass satellites for some selected brightness temperature difference between NOAA 10 = JER—
overlaps. The pixel center distance has been extended to 222 km from 111km and the time window is still set to be 100 sec. The brightness = and NOAA 11. (a) SNO data between T, (N10) and T, i JE—,
temperature is computed using the linear calibration equation. E (N11); (b) SNO data between T, (N10) and T, ¥y -
(N11)-T, (N10). (c) SNO data between T,(N10) and " — i L)
T,(N11); (d) SNO data between Ty(N10) and o s wm w ma m [T T e ——_
J— s R Ty(N11)- T,(N10); (¢) SNO data of versus AT,-AT, Pentad time series and trend for the global ocean-averaged MSU Pentad time series of the global ocean-averaged MSU channel 2 brightness
z, E versus T, (N10). channel 2 brightness temperature for NOAA 10, 11, 12 and 14 temperature for NOAA 10, 11, 12 and 14 with Christy et al. (2004)
% 3 = k] (©) calibrated by Grody et al. (2004) calibration algorithm. The empirical calibration algorithm. The adjustment is directly on the global
& 0F %} L7 . . " . nonlinear adjustment is directly on the global ged pentad time series with linear calibration at level 0.
Z -1 P Brightness temperature of nonlinear calibrated (Ty), offset and u are included. pentad time series with linear calibration at level 0. Ccmbmed Combined trend is 0.02 K/Decade.
5 o 3 Mo e T trend is 0.19 K/Decade.
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Latitudinal difference vs longitudinal difference for the SNO pairs for some satellite overlaps. Unit is in degree ; 6. Summary and Future work
120/
e ’B"W T ;‘;‘,_;,;;,;,-,,, * Use new nonlinear calibration equation to convert raw counts to radiance. Coefficients for reference satellite
© @ © are determined by pre-launch calibration but non-reference satellites are determined by post-launch SNO data.
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o Very-well calibrated and merged MSU channel 2 data are generated. Biases for pentad global ocean-averages
U, st o of 90 s By are on the order of 0.05 to 0.1 K between satellite pairs, compared to 0.5 to 1 K with NESDIS operational

Hom e g (384 1L i

RN ] R ] D 0 8 % 10 1 10 10 10 20 20 m e 10 ) i i ), ey, R
s P S —— algorithm.
() (b) (© h e Global ocean trend with this merged dataset is 0.17-0.20 K/Decade, consistent with surface temperature trend.

STD of channel 2 brightness temperature differences between satellite pairs versus center distance of the nadir overpass pixels.
(a) Satellite pairs that have a well defined relationship, (b) satellite pairs that do not show well defined SDT-distance relauunshlp
for smaller distance due to sampling size problems, and (c) SNO numbers used in the STD fora

distance.
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