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AN INTERCOMPARISON OF METEOROLOGICAL PARAMETERS
DERIVED FROM RADIOSONDE AND SATELLITE VERTICAL TEMPERATURE CROSS SECTIONS

W. L. Smith and H. M. Woolf
National Environmental Satellite Service, NOAA, Washington, D.C.

ABSTRACT. Vertical cross-sections of temperature between 60°S and

50°N for Apr. 6, 1973, are derived from (a) radiosonde, (b) Nimbus-5

Infrared Temperature Profile Radiometer, Nimbus-E Microwave Spectro-

meter and Selective Chopper Radiometer, and (c) NOAA-2 Vertical Temp-

erature Profile Radiometer (VTPR) data. Comparisons are made of the

level temperatures and latitudinal temperature gradients, geopoten-

tial heights and the latitudinal gradients, and geostrophic winds

inferred from the radiosonde and satellite cross-sections. The re-

sults of this limited case study indicate:

1. Temperature accuracies for the lower troposphere obtained with

Nimbus-5 sounding data are superior to those achieved with the NOAA-2

VTPR data.

2. The agreement between latitudinal gradients of temperature de-

rived from satellite data and radiosonde observations is much better

than the agreement between level temperatures obtained from satellite

and radiosonde observations.

3. The geostrophic wind distribution of jet streams derived from

satellite data possesses more character and intensity than does the

geostrophic wind distribution obtained from radiosonde data.

I. INTRODUCTION

Comparisons are made of vertical cross-sections of radiosonde, Nimbus-5, and NOAA-2 temper-

ature profiles that were observed at nearly the same time about a line extending from 60°S to

50°N on Apr. 6, 1973. Figure 1 shows the distribution of the radiosonde, Nimbus-5, and NOAA

Vertical Temperature Profile Radiometer (VTPR) data analyzed. The satellite profile obser-

vations selected were those that were geographically closest to the radiosonde stations. Since

the VTPR was spatially scanning, better space coincidence with the radiosonde observations was

All figures are grouped together at the back of the study.



2
achieved than with the suborbital track-restricted Nimbus-5 data. The more uniform north-

south distribution, however, of the Nimbus-5 data makes it more amenable to vertical cross-

section analysis than the radiosonde or VTPR data.

Figure 2 shows the north-south distributions of cloudiness in percentages reaching various

pressure levels, total precipitable water as derived from both the NEMS-microwave and the

ITPR-infrared data, and total outgoing longwave flux (langleys/day) as derived from the

Nimbus-5 radiance observations. Also shown is a pictorial image of the cloud distribution

obtained from the 4 n.mi. resolution scanning THIR aboard Nimbus 5. Note in the THIR cloud

photograph that there apparently are two jet streams (indicated by the cirrus streaks) cross-

ing the Nimbus orbital track, a subtropical jet near 25°N and a merging polar front jet near

35°N. As will be shown, the existence of these jet streams is verified by the thermal winds

derived from both the satellite and radiosonde data.

Before proceeding with a discussion of the results, it is important to point out certain

general features of the Nimbus-5 and NOAA-2 satellite temperature profile retrievals (for de-

tails, see Smith et al . 1974 and McMillin et al . 1973).

1. The NOAA-2 VTPR retrieval method uses the 12-hr forecast as an initial guess. The temp-

erature profile obtained using the "minimum information solution" (Fleming and Smith 1972) is

the minimum perturbation of the initial profile required to satisfy the outgoing radiance ob-

servations. As a result, vertical structure in the 12-hr forecast below the vertical resolu-

tion of the radiance observations is retained in the satellite profile retrieval.

2. The Nimbus-5 [ITPR + NEMS + SCR (Selective Chopper Radiometer)] retrieval system uti-

lizes regression equations relating temperature to radiances, generated from a cl imatological

sample of radiosonde data, to obtain the initial profile used in the minimum information so-

lution. Consequently, the Nimbus retrievals are independent of contemporary radiosonde or

forecast information.

3. Figure 1 shows that the Nimbus-5, NOAA-VTPR, and RAOB data geographically are not en-

tirely coincident. The most important systematic geographical discrepancy is north of 30°N

where the Nimbus data are located over China and the VTPR and radiosonde data are located

over Japan.

II. DISCUSSION OF RESULTS

Figures 3, 4, and 5 are cross sections of RAOB, Nimbus-5, and VTPR temperatures. Figures

6 and 7 show the difference of Nimbus-5 and VTPR retrievals with respect to the radiosonde

observations. In the troposphere, differences with the radiosonde (RAOB) are generally small

The Infrared Temperature Profile Radiometer (ITPR) on Nimbus 5 was designed with an east-
west scan capability. Owing to a scan mechanism malfunction, however, the ITPR was stopped
in the nadir-looking position during this orbit.



except around 25°N where +6°C (Nimbus-5) and +10°C (VTPR) differences occur. Looking at fig-

ure 1, however, we see that the RAOB location is 7° west of the Nimbus-5 and VTPR observations.

In the tropopause region, 300 to 100 mb, large differences of Nimbus-5 and RAOB observations

result from vertical resolution limitations of the satellite sensor. The VTPR-RAOB differ-

ences are smaller because of the good "first guess" used in the VTPR retrievals. This is ver-

ified by the differences, shown in figure 8, between the 12-hr forecast (used as the VTPR

first guess) and the RAOB. Since the Nimbus-5 retrievals do not use such contemporary first-

guess information, larger differences in the tropopause region are expected.

Note the vertical compensation of the errors. Probably, the most important feature illus-

trated in figures 6 and 7 is that the errors (or differences) are spatially correlated so that

one would expect smaller differences between the spatial gradients than between the point

values.

Figure 9 shows comparisons of the horizontal gradients, over 3° of latitude, at isobaric

levels of temperatures derived from the RAOB and Nimbus-5 soundings. There is \jery good cor-

respondence between the two fields of temperature gradients. The differences are probably

within the noise level expected to exist between two RAOBs spaced 3° of latitude apart and

those due to the different locations of the RAOB and the Nimbus-5 data.

Figure 10 shows comparisons of the geostrophic wind derived from the Nimbus-5 and RAOB temp-

erature cross-sections. The overall agreement of the distribution of wind associated with

the jet streams is quite good. This experimental result confirms the theoretical study pre-

sented by Togstad and Horn (1974). The different location of the wind maximum is probably a

result of the different longitudinal orientation of the RAOB and Nimbus-5 data (see fig. 1).

The fact that the Nimbus-5 pattern displays more character and stronger maximum winds is prob-

ably because of the higher density of Nimbus-5 soundings.

Figures 11 through 14 present various statistics obtained from the entire 60°S to 50°N cross-

sections. Part (a) of each figure shows the standard deviations between the radiosonde pro-

files and those obtained from the dynamical forecast (i.e., the initial profile used in the

VTPR solution), the VTPR soundings, and the Nimbus-5 soundings. Part (b) of each figure shows

the correlation of the differences between the satellite soundings and the radiosonde obser-

vations with the differences between the forecast soundings and the radiosonde observations.

Finally, part (c) shows the minimum standard deviation expected between the radiosonde obser-

vations and an analysis constructed by updating the forecast with the satellite soundings.

This analysis procedure, initially suggested by Bonner (1974), consists of prescribing the

analyzed temperature at each level as a linear combination of the forecast temperature and

the satellite-derived temperature. The weighting coefficient of this linear equation is ob-

tained through a minimization procedure. Its numerical value is a function of the expected

standard errors of the forecast and the satellite retrieval, as well as the expected corre-

lation of forecast and satellite profile errors. (In this analysis, the radiosonde observa-

tions are taken as "truth" in computing these statistically expected values.)

3



Since here the weighting coefficient has been defined in an optimum way, using "the radio-

sonde truth" for its determination, the final analysis result is bound to be more accurate

than either the forecast or satellite value. Although an optimum weighting coefficient can-

not be defined in practice (since "truth" is always unknown), this analysis procedure is still

a convenient way of illustrating the added information content of the satellite soundings over

that already contained in the dynamical forecast.

In figure 11(a), we see that, below the 500-mb level, the Nimbus data agree much better with

the radiosonde data than do the VTPR observations. This result most likely is due to the sup-

erior ability of the Nimbus-5 sounders to probe into, between, and through clouds. (The

Nimbus-5 ITPR has four times the area resolution of the NOAA-2 VTPR, and the Nimbus-5 NEMS

microwave instrument is able to probe directly through clouds.) In the tropopause region,

however, the Nimbus-5 soundings are inferior to the VTPR profiles. The superiority of the

VTPR profiles probably is a result of the incorporation of the 12-hr forecast in the solution.

Evidence of this is given in the correlation coefficient profiles in part (b). We see that,

in the upper troposphere, the error of the VTPR retrieval is highly correlated with the error

of the 12-hr forecast, indicating that the forecast has a dramatic influence on the VTPR pro-

fi le result.

Note the high correlations of the error of the forecast-independent Nimbus-5 retrievals

and the error of the forecast in the surface layer below 700 mb and in the 200- to 500-mb

region. This apparently is due to the fact that both the forecast profiles and Nimbus-5 sat-

ellite profiles tend to smooth through fine-scale vertical structures such as surface and

tropopause inversions. Consequently, since both the forecast and satellite retrievals re-

solve a similar vertical scale which is larger than that resolved by the radiosonde, a high

correlation results in regions where fine-scale structure exists. The fact that the VTPR

error is slightly less correlated than the Nimbus-5 error in the lower troposphere probably

is a result of cloud noise.

Combining the satellite data with the 12-hr forecast using optimum weights yields the anal-

ysis result shown in figure 11(c). Note that the most dramatic influence of the satellite

data is above the 700-mb level for both the Nimbus-5 and VTPR retrieval cases. The minor

influence below 700 mb is a result of the relatively high error correlations (the vertical

scale correlation discussed above) and the fact that the forecast profiles are relatively

accurate. Remember, however, that the forecast probably is unrepresentatively accurate for

this case since the cross-section area is within, and downstream of, a dense network of radio-

sonde data. Also note that the large differences between the Nimbus-5 and VTPR standard dev-

iations with radiosondes are diminished greatly when the retrievals are combined with the

12-hr forecast using optimum weights to produce the analysis result. This result suggests

that the differences between the two satellite profiles shown in figure 11(a) mainly are due

to the differences in the initial profile used in the retrieval process and not to the infor-

mation content of the radiance observations. The differences in information content of the

two satellite sounding systems are reflected more accurately in figure 11(c).

4



Figures 12, 13, and 14 show similar statistical results for temperature gradients, geopo-

tential heights, and geostrophic winds. In viewing the standard deviation portions (a) of

each figure, we note that the satellite results are generally inferior to the relatively ac-

curate 12 hr forecast results. Portion (c), however, of each figure reveals that the satel-

lite data, when added to the forecast profiles to construct an analysis, leads to a signifi-

cant reduction of the error of the forecast although that error is relatively small (in this

case). Of course, one would expect to see an even more dramatic impact of the satellite data

in situations where the forecast error is much larger, which is more likely to be the case in

areas where radiosonde data are sparse.

III. CONCLUSIONS

This limited case study has revealed the following characteristics of the Nimbus-5 and VTPR

temperature retrieval data:

1. Much better agreement exists between temperature gradients derived from Nimbus-5, VTPR,

and radiosonde data than between the absolute temperatures. (Compare figs. 11 and 12.) This

indicates that the satellite retrievals possess large horizontal scale bias errors that could

be caused by (a) biases in the initial data used in the retrieval process (i.e., statistical

or dynamical forecast data), (b) biases caused by aerosols or undetected large-scale cloudi-

ness, or (c) systematic errors in the weighting functions.

2. The geostrophic wind distribution associated with intense baroclinic phenomena (e.g.,

the jet stream) can be diagnosed accurately from the satellite temperature retrieval data.

The results shown here indicate that the Nimbus-5 results may even be superior to radiosonde

results, suggesting that the thermal gradients obtained from the closely spaced Nimbus data

are more accurate than those obtained from the more coarsely spaced radiosonde observations.

3. Even in regions where the forecast is relatively accurate, such as the case investigated

here, the satellite retrieval data are sufficiently independent to provide an analysis with

an accuracy superior to that of the forecast.
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Figure 7. --Difference (°C) between the VTPR and radiosonde temperature cross-section analyse:

Figure 8. --Difference (°C) between the 12-hr forecast and radiosonde temperature cross-sectio
analyses
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Figure 9. --Radiosonde and Nimbus-5 temperature gradients over 3'

latitude obtained from the cross-section analyses

Figure 10.--Geostrophic (integrated thermal) winds (m/s) computed
from the radiosonde and Nimbus-5 temperature cross-sections
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dashes), and (3) the Nimbus-5 (solid curve); (b) correlation of

the differences between the cross-section analyses for the fore-
cast and radiosonde temperature data with (1) the differences be-
tween the cross-section analyses for the VTPR and radiosonde
temperature data (dashed curve) and (2) the differences between
the cross-section analyses for the Nimbus-5 and radiosonde temp-

erature data (solid curve); and (c) expected standard deviations
of the cross-section analysis of radiosonde temperature data

with an "optimum" analysis of (1) forecast data (short dashes),

(2) VTPR data (long dashes), and (3) Nimbus-5 data (solid curve)
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