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. AND BRRORS IN THE 1000mb Ti PEIATURS
" by B R ia¥

ABSTRACT

It is shown that there is a close relationship between the deviation from the
true (radio-sonde) values of the SIRs soundings of the tuicxness of the 10UU=7wy
1000-500 énd the 1000-300mb layers and the deviation of tie 1000me temperature.
This relationship could be used to correct erronecus 5Iss thicknesses if ace-

quately accurate values of the true 1000mb temperature were available.




1) Introduction:

Since July 1473 the Meteorological Office has been receiving the SIkS ugper-air
soundings from NESS (the National EZmvironmental satellite Service, wWasnington)
via the Global Telecomsunication system. The sIRs soundings are temperature amd
" thickness profiles retrieved from observations of radiance made by the Vertical
Temperature Profile Radiometer (VIFPRs) on the NUAA2 and NUAa3 operational space=-
craft. For a camplete description of the VIPR instrument and the characteristics
of the SIR3 soundings see NuS5 peport 65, or for a shorter description see tie
Met O 19 report HA/IG/.
May (Met O 19 report HA/IG/5) has previously described some results from a small-
scale comparison of SIRS soundings and co-located scnde soundings. 7This note
which preseits the first and rather tentative results from a l.rger-scaie comparison
recently started by iHet O 19, concerns the possibility of improving the SIRS
retrievals of certain important thicknesses by a comparison oI the true and
retrieved 1000mb temperatures.
The principles adopted for choosing the co-located oSiic and sonde ssundings are
described in report HA/I@@ with the following changes:
3) The maximum distance apart allowed between the nomiaal positions of the 5l.w
and sonde soundings has been reduced to 125 (22170 ka),
i11) Due to improvements in the methods of determining the co-located soundings a
greater number of comparisons per day (2215) are mace, using a greater
diversity of types of sonde and also covering a larger geographical area.
The results in this note are based on 162 world-wide comparisons covering tne
period J.;ZZhUT on October 1 to i~ ZJbUT on October 12 1973s during this period
instrument 1 on NCAA2 spacecraft was in use.

2) Object of the Analysis

As described in the report Niss 65 the mean clear radiaaces for areas approximately
500 km square are deduced from the basic "cloudy' radiznces measured by the VIre.
These radiances are then used to retrieve the atmospheric vertical feuperature

and thickness profile from 1000 mb te 10 mb using a retrieval method waich requires

a first guess temperature profile. As the first guess Nuss use various compinations



of forecast»and climatological profiles and the previous days* analysis, depending

upon the height range and the geographical region. It is well known that for a

given set of clear radiances no unique temperature profile exists (due to the

finite vertical extent of the weiﬁhting functions) so that, in general it is

possible to constrain the solution temperature profile to have a specified

temperature at a syecified level. idoreover because there is a certain degree of

correlation between retrieved temperatures ol neignoouring levels in the

atmosphere (because the vertical resclving power of the radiometer is too pooy

for the temperature =t close levels of the atuosphere to be altered indepeundently)
lneVuf’AHu

the effect of constraining the temperature on one level A‘ “ influences the

temperature on neighbouring levels though the strength of the influence gradua.sly

weakens with increased vertical distance.

Over the oceans, the only region for which the 515 soundings are curreatly

produced, the amount of upper-air sonde data is egmall. This is certainly true for

the Northern Atlantic especially since the removal of the American dcather

ships but on the other haid tunere are relatively large nuubers of surface ouserv-

ations, and in particular surface air temperature, made each day by snips in

the busy transatlantic shipging lanes. Assumingz that the surface air teuperature

can be used to estimate the 1000 mb teuperatuce (tue lowest level for whica the

SIRS temperatures are produced) then this temperature is the most reasonabdle one

wsg

to constrain the retrieval of the profile from VIFR observations.

The retrieved SIRS 1000 mb temperatures are not deliverately contrained tc have

any particular values and, in general, are act in agreement wita the "true"

1000 mb temperatures from the co-located sondese.

The histogram of occurrences of & Twoo (in the sense oIlRS~ 3Wi.s) is shown

in figure 1 in which nearly 50w of the diiferences lic within the range s 200,

79% lie with the range t 49 and some differences are as large ast10%. iow

for our sample of SIRS soundings it is not pocsible to infer the temperature and

thickness profiles that would have beea retrieved had the retrieved 1000 mb




A

temperatures been constrained to agree with those measured by the co=located

csondes. However it can safely be assumed that had the retrieved 1000 mb temperatures
been constrained to the values which actualiy resulted from the unconstrained
retrieval thes the resulting constrained temperature profiles would have been

jdentical to the unconstrained proftles. Thus the unconstrained oIxs retrievals

_capn be resarded as b(’/.-‘a conStroned ru”/wvals
" in which the specified 1000 mb tempera tures differ from the true (sonde)

values by known amounts which are usually non-zero, Usipg this principle
the relationship between errors in the thic«ness and errors in the 1000 mb
temperatures can be established. In this werk the 1000-700, 1000-50C0, 1000~
300, 1000-100 mb thicknesses have been usede.

3) Results of the Analysis

Recause of the high positive correlation which exists between retrieved temper-
atures at neighbouring levels the errors in these thicknesses are correlated with
the error in the 1000 mb temperature. This is shown by the results in figure 2
where, for the four thicknesses, the meanA th for the comparisons whose ATIOoo
lie in the ranges -9%1C to =1120C (labelled -10°C in the figure) to +5.0C to
+6?9C (+6°C in the figure) are plotied with their standard error bars. These
data are also shown in tabular form in table 1 along wita the number of obser-
vations in each range of A TIOoo’ their sd4s and the se of the sd. For all the :
fhicknesses there is definite variation ofAth with ATIOoo though the nature
of the variation is less clear for th‘eoo o/:l:‘: layer than for the other layers.
For both the 1000-700 and the 1000-300 mb layers the trend line (drawn by eye)
pasces clese to the origin indicating that there is a negligible bias in their
retrieved thickness, but for the 1000-500 and the 1000-100 mb layers the biases
are about -1dm and -5dm respectively. The standard deviations of the thicknesses
are -eshimdlcd
about the trend lines (the "unexplained! sd)tho be 15, 2¢5, 3.6 and 5.5 dm

respectively for the layers in order of increasing thickness)compareduith the

standard deviation from the original thicknesses, of 2.4, 3.4, 4.2 and 5.7 dm.



For the two narrower layers there is a userul improvement in the variability

ofAth to be gained Lf the correction AT’]OUO can be estimated with surificient
accuracy - for the remaining layers the improvement would be of marginal or
negligible value. Even if it were thought to be not worthwhile attempting to
correct all SIRS thicknesses in this way toen certainly some very oad 5Iis
soundings could be eliminated by a search for extreie values of[lT1OOU .
The results just described have an immediate application in forecasting (providing
suitable estimates of the "true" 1000 mb teuperatures are available) but the
results of the comparison can also be presented in a sligntly difierent way to
demonstrate the improvement in the variability oflﬁth that could be achieved
for different precisions with which the true 1000 mb temperature can be estimated.
The results of this analysis are shown in figure 3 in which are plotted tae
‘standard deviations (along with their standard error bars) of tueZ&th's for all
comparisons whose[1T1ooo lie in the range t1°C, i200 esss Up to :700 and
finally for all values onﬁT1OOO; the results are also tabulated,iu table 2.

Lo
For the 1000-700 mb layer, & increases steadily from 1.27 dm (s:;=a0.au am)
for the 1% range intﬁg»:o 2.12 dm (0.13 da) for = t?°C range and to 2.37 da
(0.19 dm) for all soundingse -For tae 1000-500 mb thickness, the same trend of
increasing s with enlarging range OfA'r1OOO is observea, from 2.11 dm (V.25 da)
for $1°C to 3.41 (0.19 dm) for all points. The sd of the 1000-3U0 mb tnickness
shows a slight increase with teaperature range frou 5.41 da (0.37) to 4.25 da
(0.23 dm) for all scundings but for the 10U0=-100 wb thic..ness, tiie incre.se ia
5 is negligible. It appears that $f the 1000 mb temperature retrieveu from
VTFR observations can be made to agree with the true temperature (o within,
5aY i2°C then the sd of the difference between the true aad retrieved 1@00-
700 mb and 1000-500 mb thicinesses can be recuced by 33 and 25k respectiveiy,
from the sd which occurs when no constraints are applied.®
éinally it must be stressed that these results apply only to VIFR inmstrument 1
on NOAA 2 spacecraft = for other VTFRs different statistics (especia.ly the thicie
ness bias) are apyropriate.
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