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ILTRODUCTION

I\Jv

In order ‘o retrieve temperature profiles of the atwosphere from satellite-

ge is required of the

borne radiometer measurcuents of radiances, detailed knowle

relationship between the measured radiation intensity and the vertical profile of

the black-body intensity. Scts of normalised weighting functions describing this

relationship need to be accurately determined. The accuracy of the inversion

The effect of)

procedure is also dependant partly on the noise of the instrument,
the accuracy of some retrievals of altering a) the weighting functions and b) the

instrumental noise are deecribed in this studye.

PART 1 - Thickness retrievels using three sets of weighting functions

When the Tiros N satellite is lauvnched, it will measure radiances at eleven

frequencies within the 15/um CO.. band, the three chaunels which mcasurc rad iation

-

«  emitted from the highest perts of the atmocphere being of particular importance to
the High Atmosphere branch. In order to sssess the effect on temperature retrievals
of using various weighting functions for these three chanrels, three different sets
of weighting functions were calculated in the f;rm of I. x M matrices, L heing the
total number of channels of the radiometer and M being the number of levels used to
describe the temperature profile. In this case L=1and M = 50. In each set,
the weighting functions for the lower eight channels (ie those channels measuring
radiation emitted from the lower part of the atmonphere) were the same, but there
were substarntinl differemces between the weighting functions fer the top three
channelas.

Large nunbers of retrievals were then carried out with each set of weighting
functions in turnh using the ‘maximum probability'! method of inversion briefly

deseribad belowe. Comparisons were made between the standard of aceuracy of retrievals

for each seot.




The three sets of weighting functions used are shown in figure 1, the weighting
functions for the lower eight channels being based on those used for the American SIRS
instruments. For the top three functions,set A was chosen to have the highest peak

at about 50 km, near to the average stratopause height, while the weighting function
for the second channel was taken to be the same a8 that for the top channel of the

SCR instrument on Nimbus 4. Set B was chosen so that the peaks of the three functions
were close together between about 70 and 45 km, while set C had the highest peak
occurring at about 60 km (well above the usual height of the stratopause), with the
second and third peaks spaced out evenly between this and the fourth peak. The

high value of the top weighting function at level 50 is due to radiation emitted
between this level and the satellite., It is difficult to give an exact figure for
this value and only a rough estimate could be made, however the top peak was chosen

to be about as high as possible without making this value unacceptably large.

Data used

Altogether, a total of 479 temperature profiles consisting of temperatures at
50 pressure levels were retrieved in this study. The profiles were a collecclion of
interpolatcd rocket - and radio-sonde soundings as described in the High Atmosphere
branch internal note HA/IG/1 (1) and were spread fairly well mainly over the
northern hemisphere although with some in the couthern hemisphere. The profiles

were divided into seven groups according to latitude and season thus :-

trepicalo(oo 2:307) 64 profiles
30 « 50 summer 26 "
30° - 50° winter ag i
50o - 70° summer 45 "
50o - 70° winter 207 1
70° - 90° summer 31 "
70° « 90° winter 25 "

There was one further group consisting of 56 profiles measured at West Gerinish
during a stratospheric warming in December 1967.
Calculations were performed with each temperature profile to deduce the

amount of radiation reaching the top of the atmosphere at each of the eleven fregueanci:




at which the radiometer measures, and these values were used s "measured' rodisnces

for use in the inversion process. leduced temperatures could then be compared
directly with the original temperaturcs.
Retricval method

The retrievals were performed using the 'moximum probability' method as
described by Rodgers (2) for example, where details of the techniques are discussed,
Basically the solution of the inversion equation found is that one of the infinite
number which exist which is most probable and to find it necessitates solving the
following equation :-

B-B ac’ oW 4B @ -T) cereeercenses (1)
If X (matrix of dimensions 50 x 1) is the temperature profile being retrieved, then
B(50 x 1) is a matrix of Planck functions at 50 levels for X, to be

determined and which, once kmnown, can be converted into & temperature profile,
B (50 x 1) is a mean Plenck function profile for the particular latitude-season
group to which X belongs,
C (50 x 50) is the covariance matrix of Planck functions for the sample,
W (11 x 50) is the weighting function matrix,
WT (50 x 11) is the transpose of W,
E (11 x 11) is the covariance matrix of instrumental noise assessed to be diagonal,
with values for the elements (91.00, 22.09, 10.00, 3.00. 0.30, 0.09, 0.06, 0.01,
0.01, 0.01, 0.01) based on figures for various instruments and, for the highest
channels, much larger than the expected Tiros N values,
I (11 x 1) is a matrix of the 'measured' radiances from X, including the addition
of a random noisc term found by adding a number from a table of random numbers
with mean zero and with standard deviation equal to the square root of the particular
value in E and T (11 x 1) is the mean set of 'measured' radiances for the sample
to which X belongs.

The derivation of the above equation can be found in the Rodgers' paper
alrcady mentioned. Computer programmes were written to find B, I and € and then

te solve the sbove equation for B, Xach of the 179 profiles were retrieved in turin.




« It should be noted that the profiles uscd in calculatinglgo'T and C were also those

retricved ie the retrieved profiles were not independant samples. Apart from finding
temperature profiles and comparing them with the actual profiles, six standard

thicivesses (1000 - 300 mb, 300 =~ 100 mb, 100 = 30 mb, 30 -~ 10 mwb and 3 ~ 1 mb) werc
also calculated and compared with the same layer thicknesses from the original
profiles. For each sample, the mean differences and the root-mecan-square differenceo
between the calculated and actual temperatures at each level, and the root-mecn-squar
differences between the calculated and actual thicknesses were found.
Results E

An example of the mean differences between calculated and actual temperatures

o]

at the 50 levels is shown in table 1. These figures are for the sample of 700 - G0
winter cases retrieved using sets A and C weighting functions. The main fcature of
these figures is the oscillatory form they take, with fairly large positive numbers
around level 40 with set A for instance (ie a tendency for the retrieval procedure
to give temperatures higher than actual) and a band of negative numbers near to the
centre of the profile. The table for set C has a similar oscillatory form but with
the positions of the positive and ncgative mean differences reversed. Thig inplies
that the shape of the weighting function controls the positions of the oscillations.
However, it is the results shown in table 2 which are more relevant to this
report, showing the root-mean-square-errors (RMSEs) for the standard retrievals
with the three sets of weighting functions. As may be expected, there are only very
small differences between the three sets for the lower thicknesses = 1000 - 300 mb,
200 - 100 mb, 100 - %0 mb and, to a slightly lesser extent, 30 ~ 10 mb. (The large
difference between set A and sets B and C for the 1000 - 300 mb thickness with the
309- 500 winter sample has not been explained.) Differences of up to 2.65 decametres
exist between the RMSEs of the highest two thicknesses, the actual amount seemingly
depending on the relative positions of the oscillation peaks in the mean error for

the temperature retrievals already described.

‘.

For instance, the figure in table 2 for the 3 ~ 1mb thickness RMSE using the
Set B weighting functions with the 50° - 70° summer sample is much higher than for
sets A end C. The 3 - 1 mb layer covers a region of quite large positive mean

differences between Cerived and actual temperatures with set B, but with sets A and C,

L




it covers regions with much smaller mean differcnces, nogative in the case of sct C

and positive in set B. Other samples, especially the tropical group, show litile
to choose between the three sets even with the % « 1 mb thicknesse.

In general, it would seem that set A appears to give the best results uveing
these six standard thicknesses as criteria , although there is only a quite small
difference between them.

It chould be pointed out that a situation vhich gives rise to smaller RIMGLs for
thickness retrievals is the case where the layer in question covers a region wicre
the sign of the mean temperature difference changes, hence giving a cancelling-out
effect for the thickness calculation. This situation does not arise frequently in
the higher parts of the atmosphere vhere the oscillations in the mean temperature
error profile have larger wavelength than in the lower nart, (this apparently being
due to the fact that the higher weighting functions are more spread out than the
lower ones). It may be that there are other thicknesses which could be retrieved
more successfully than those used in this study bearing in mind this effect, each set
of weipghting functions perhaps having its own optimum set of retrievable thicknessce
although the total improvement would probably only be smalle

PART 2 - Thickness retrievals using various values of instrumental noise

As described earlier, some values for instrumental noise need to vbe given for
the matrix E in (1), and also to find the 'random noise' to add to the 'measured!
radiances. To assess the effect on the thickness retrievals of altering the
instrumental noise, some of the profiles were retrived using several different versions
of E with the set A weighting functions.

Each version of E was diagonal, and the noise for the lower eight channels
was held constant at 0.5 erg units for the highest and 0.15 erg units for the
remainder. The six different values for the noise of the tep three channels were
as shown in table 3. Of these six sets, the first (set 1) was chosen to be very
large in order to discover whether there was an upper limit for the RiSIs of the
derived thicknesses and whether it coincided with the standard deviations of the
actual thickresses. The second version of E, sat 2, was the same as that uced in

part 1, set 7 was chosen to have noise values approximately the same as the proposed




.

values for the Tircs N instrument end the fourth version, sel b, was taken to be
approyimately hal{ as noisy as set 3. Set 5 had no noise in the highest three
channels. For the purpose of comparison, the programmes wvere also run with E being
a zero matrix ie no instrumental noise in any of the eleven channels.

The summer 500 - 700 sample and the sample of profiles measured during the
stratospheric warning at WestCerinish vere retrieved using each version of E in turn,
the latter sample being retrieved using values of'ﬁ, T and € in (1) bascd on the
winter DOO - 70o sample, ie an independsnt sample.

Table 3% shows the RMSE of the retrieved thicknesses with each set of instrumental
noise. With both profile samples, it can be seen that altering the noise of the
highest channels has little effect on the accuracy of retrieval of the 1000-%00mb and
200-100mb thickness but generally makes a substantial difference to the remaining
four standard thickness retievals., Of interest is the fact that the figures for
set 1 are mostly only a little higher than those for set 2, implying that there may bLe
a limit to the effect that increasing noise has on the retrieved thicknesses. The
value of .75 decametres for the RMSE of the 3-1mb retrieved thicknesses with set 1
fer the summer 50°~70° sample compares with a value of 25.10 decametres for the
standard deviation of the actual 3%-1mb thicknesse; for the same samplee.

Generally speaking, the smaller the noise the smaller the RMSEs, but the results
for the case with no noise in any channels are significantly worse than for the case
with noise in only the lowest eight channels, In fict, the RiilEs of the retrieved
1000-300mb thicknesses with no noise at all are up to twice as large as with any other
set. This tends to highlight the ill-conditioned state of the matrix to be inverted
in (1), (e + E). Adding a small number to the diagonal terms of the matrix (which
is the effect of having a non-~zero E) makes it less ill-conditioned and, hence,
better suited for inversion.

It cen be seen from table 3 that the improvement in the RMSE of the 3-imb thickneus
retricval ceused by reducing the noise in the top three channels by about half from
somewhere near the expected Tiros N values is quite large - 16% with the summer
50° 700

pample and Z7% with the stratosphicric warming sample, The improvemente
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« in the 10-3mb thickness retrievals are slipghtly less - 12% and 29% respeétively

for the two samplese.
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difference

OK )
set A gset C
1 0.05 0.0
2 ~0ae11 ~0.10
3 ~0e22 -0.19
i 0.07 0,0k
5 0.27 ks,
6 0.25 0.28
4 0.19 0.29
8 0.08 0.0%
0.03 0,14
«0,02 0,18
~0.07 ~-0.19
0,04 ~0e13
0.00 ~0,07
0.01 «0.07
0.14 0.03%
26 0.12
0.28 0.21
0.27 0.28
0.25 0.34
0.26 016
0.16 0.48
0.07 0.:55
-0.03% 0.57
-0.30 0.45
-0.35 O.hh

Mean difference between retrieved and actual temperatures
at the 50 atmospheric levels.
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Sample

Mean diflarence

oK
sot A set, C
-0 %6 0.7
«0e9 0.4%
«(e 19 0.9 |
~0,21 0.5
~0.,17 0.22
~0.04% =010
-0.02 ~0e%7
0675 ~0.77
0.6% =0.,99
0.96 =121
1.%% =1.40
1.87 =148
2.40 -1.5%
2479 -1.66
34,00 =134
307 -1.11
505 -0.89
27 -0.86
2.% ~0481
2.00 -0.70
159 ~0.67
1% ~0.62
0.7 -0l
.l ~0.46
-0.27 ~0.72
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layers (in
pr( ssure
91["[\,5 )

rootemean~sauare-error of
thickness retrievals (in
decametres)

et A Set B Set €
1000-500mb | QeuH Ouir't ot
TROPICAL 200-100 249 24550 2.hi
(o¥=30%) 100--30 3,90 3.82 3,87
70=10 L .57 L 6% k.56
6l profiles 10-3 739 7 40 7.3k
% N 8.6 7295 2497
1020-~%00 0.97 Oass? 007
50°-50° 400160 2499 %0k 3.05
SUMMER 100-30 2.58 2485 2.6k
30-10 5450 5 ‘3 5461
26 profiles 10-3% 6,13 /. ¢ 6.5%
3= 10,57 1?¢3h 10,37
3 1000-300 S 67 165N 1.55
30 ~50 200~100 el h,%% L.37
WINTER 10030 L ,87 Se52 5.07
30-10 7633 ?7.27 745
25 profiles 10~3 10.57 11.90 11.16
3=1 13,22 .73 13.97
T00C=500 T0.62 0.953 ;é)"""
50°-70° 300-100 2.70 2.82 2.69
SUMMER 100-30 3,74 b, 22 B2 )
30-10 Be31 5454 Sale
45 profiles 10~-3% 10,01 10.99 10.25
3.1 8.94 11.59 9.05
& 1000- 500 1,00 1400 1,00
50°-70 300-100 2.81 2.85 2.81
WINTER 100-30 5e1? 520 5.11
30-10 9.28 9.%6 9.19
207 profiles 10-3 16031 16.52 16,07
3-1 18.65 19,00 1 23.8h |
1000~-300 077 0,7¢ 0.77
70°-90° 200-100 2.02 1,99 2.03
SUMMER 100-30 2.50 2.69 2.62
30-10 4,58 L .61 L .65
31 profiles 10-3 2.62 8.5% 8.60
3 10,90 1233 11,20
Sl 1000~300 0.78 0.77 0.79
70 =90 300-100 3,56 3.49 3.62
WINTER 100-30 4,29 4,20 4,03
20-10 10:2% | 10.63 10456
25 profiles 10-3% 15.81 15.3%6 15.23
2.1 4 20.16 21.53% 21.44
1000-300 0.76 0.76 0.80
STRATOSPHERIC 200=100 2.63 3,19 B.49
WARMING 100-30 5¢26 7.15 6.13%
DEC 1967 30-10 9.74 12.29 10.63
56 profiles 10%3 20.23 22457 24 .27
. 3-1 14.97 21.49 18.26 i

Table 2

the three sets of weighting functions.

Root -mean~square~errors of thickness retrievals with




™ ROOT-MEAN~SQUARE-ERROR OF DiRIVID THICKHESSES (DRCAMITLS)

HIGHNST PHRER SUMMER 507-707 SAMPLE

CUALLXLS 1000-300 300-100) 100~%0 30-10 10-3% Feq

el Ly mb mb mb nb wb mb

7.‘1 06)

18.0) set 1 0.93 1.9% 5603 by 5l 789 8.7%
1!.'.’00)

T 9,8Y .

L. 4) set 2 0.91 1.66 2.90 Iy 54 7.65 8.11
%.0)

0.5) e

0.5) wet 3 0.89 1470 2.20 4,58 h 86 5.10
0.5

C.3) T g

o2) set b 0.89 Te72 2.03 %439 4,30 L 27

0.2

0.0)

0.0) set 5 0.91 .22 1.85 2.79 3,65 2.
0.0)

No noise in any

channels 187 %3.9% 2.57 2+55 3.4 %.76

STRATOSPHERIC WARMING OViR WEST GERINISH SAMPLE

1000=-300 300-100 100-30 30=10 10-3 =1
4 mb mb mb mb mb mb
21.6)
. 18.0) set 1 1.04 1475 627 11.82 20,04 24,53
‘i (.., .O
9.5)
Lh) set 2 1.02 1.68 5.66 10.15 18.15 20,26
3.0)
0.5) :
0.5) set 3 1.4 1.86 3.89 6.62 1%4.69 12,22
0.5)
Ce3)
0.2) set b 1.06 1.68 3.13 6.55 10,40 8.21
0.2)
0.0) j :
0.0) set 5 1.07 1.67 2.79 6.30 9.56 6,351
C.0)
No Noise in any
channels 1.72 3.10 2.67 342 13,45 1047
-
Table 3 Root -mean~square-~errors of retrieved thicknesses with

different values of instrumental noise.
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