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Abstract. This paper describes the effect of missing sound-diosonde datasets are one example of the situation described
ing reports on temperature and pressure mean values fabove.
mandatory levels using the aerological information from the Radiosonde observations are one of the main atmospheric
Camagiey Meteorological Centre. Also it is described the components of the Global Climate Observation System
effect of missing data on mean temperature and pressure va{GCOS), together with the surface network of meteorolog-
ues at the multiple tropopause levels. The case study belongsal stations and the meteorological satellites. But the global
to one station for a time lag of eight years. Up to the presentoverage of radiosonde stations is not homogeneous over the
these types of studies have been conducted using simulateglobe, with fewer stations in the tropics and the Southern
datasets. The present one uses a real inhomogeneous f@emisphere. An additional difficulty is related to the incom-
diosonde dataset. The main reason for missing reports werpleteness of radiosonde data series. In particular poor coding
transmission problems and possible encoding-decoding difef data and missing data are attributed by the GCOS moni-
ficulties. It has been found that profiles of the mean temperatoring centre to telecommunications failure (WMO, 2005).
ture and altitude show little differences between the complete The present case study makes use of the fact that not all
and incomplete datasets. Moreover, no statistical significanthe radiosonde measurements conducted at the WMO sta-
differences were found for the mean values of the variablegion 78 355 between 1981 and 1988 are available in the most
for the complete and incomplete datasets. The most probableecent developed global radiosonde database. This situation
reason for those results is that the cause of the missing reportgeates a real, not simulated, temporarily inhomogeneous ra-
has a random behaviour. Finally we have found that the onlydiosonde dataset, produced by missing data. It is recognized
two effects noticed on the statistics were slightly higher val-that one of the several causes of the temporal inhomogeneity
ues of the mean temperatures in the complete dataset and tloé radiosonde data is the missing observations. Several stud-
decrease in the percent of multiple tropopause reports for thées have been conducted in the past using simulated series or
incomplete dataset. soundings on missing data and its impact in measures of cen-
tral tendency, variability, and trends (Kidson and Trenberth,
1988; Gaffen et al., 2000; Seidel and Free, 2006). Although
he station 78 355 is not part of the GCOS Upper Air Net-
ork (GUAN), it is representative of the tropics and in par-
ticular of the Caribbean. Only four stations from this region
are compiled in GUAN. This station is also the one holding
1 Introduction longest records in Cuba, excluding Guantanamo Bay, oper-
ated by the U.S.
It is very common in atmospheric sciences to carry out re- The recent development and availability of the Integrated
search using incomplete datasets. In such cases scientistSlobal Radiosonde Archive (IGRA) dataset is an important
are in a crossroad. They can make assumptions about hogontribution for the atmospheric sciences community. This
much the incomplete dataset is representative of the inexisnew archive compiles most of the soundings reports avail-
tent complete dataset or abandon the study. Fortunately, mogile in several former datasets. It is the most comprehensive
scientists assume the risks and conduct the research. The rguality assured and largest radiosonde dataset (Durre et al.,
2006).

Keywords. Meteorology and atmospheric dynamics (Cli-
matology) — Atmospheric composition and structure (Pres-
sure, density, and temperature; Instruments and techniques
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One of the authors of this paper worked extensively with was conducted using the mean and standard deviatioiof
the aerological information collected at Carilag Meteoro-  each variable at the mandatory levels. Values out of the limits
logical Centre (CMC), Cuba (WMO station number 78 355) defined by the variable meai2o were also verified to avoid
for the period 1981 to 1988. Upon checking the availability human errors. Finally the mean aadfor both variables at
of sounding reports for the station 78 355 in IGRA we real- every mandatory level were calculated. The study provided
ized that at least for the cited period, there is a lack of arounda statistical model of the vertical distribution of atmospheric
40% of the soundings in the current IGRA dataset. This sit-variables at Camdggy, improving the lidar processing and
uation prompted the present case study, having into accourdnalysis.
that here we deal with the two worse assumptions of missing In the second study (Anfia et al., 1992 the original
data as previously found by Kidson and Trenberth (1988),sounding reports were reviewed to extract pressure and tem-
random sampling and missing blocks of data. Our main aimperature at each one of the multiple tropopause levels re-
was to evaluate the impact of missing data on mean values gforted. The mean values of both variables at the multiple
altitude and temperature at mandatory levels for a particulatropopause levels were quality controlled using a similar pro-
station for an eight years period. We also evaluated the imcedure than the one described above. In the final step the
pact of missing data on mean pressure and temperature at tiieean and> for both variables at every multiple tropopause
multiple tropopause levels. level were calculated. The results showed a similar seasonal
behaviour for the first tropopause variables than other trop-
ical stations in the Pacific Ocean and India. An interesting
2 Description of former studies feature was the fact the first tropopause altitude at Céeag
o . ) . was higher in winter (lower pressure) and lower in summer
In th.e late e|ght|es a lidar station for stratospheric aerosol.'~‘(higher pressure) than the reported altitudes (and pressures)
studies was installed at CMC (21 M, 77.9 W), because  rom the other tropical stations. Several causes were consid-
of the scientific cooperation between Cuba and the formefy e a5 possible responsible of those results. Among them
Soviet Union. The establishment of this facility required yere that the time periods of the other tropical stations cor-
the determination of the local mean sound.mg as well as f‘herespond to earlier years than at the WMO station 78 355.
mean tropopause features for the processing and analysis @fisg the different radiosounding instrumentation, the partic-
its measurements. Such studies were conducted using aergpy, physical-geographical conditions of the Caribbean and

logical information collected by the radio-sounding station potential global climate changes were considered as possible
located at CMC (Antfia et al., 199%; Antufa etal., 1999).  .auses of that feature.

This station has been part of the international exchange of
meteorological information reporting to the regional centre
in WMO Region IV. 3 Comparisons: IGRA vs. CMC data

The former two studies used the original 1563 handwrit-
ten sounding reports at 1200Z, from 1981 to 1988, archived3 1 Available data at IGRA dataset
at the CMC. During that period a Russian made Meteorit 2
tracking system operated at CMC, using RKZ-5 and MARS-When reviewing the IGRA dataset for the station 78 355, the
2-2 radiosondes (Gaffen, 1993). Processing was conductefifst thing we noticed was the complete lack of data for 1981,
semi-manually with the help of specifically designed calcu-while a total of 248 soundings were conducted at 1200Z at
lation rules (CAO, 1973). that site along this year. A total of 886 soundings at 1200Z

In the first study (Antia et al., 1994), the original sound-  from 1982 to 1988 are reported in IGRA, representing almost
ing reports were digitized to derive the mean temperature anghe 60% of the total soundings conducted at the 78 355 sta-
altitude values at mandatory levels. Then, all the values oftion between 1981 and 1988. This is a particular example of
each variable were tested for plausibility, using realistic lim- incompleteness of IGRA. It was caused mainly by to the lack
its. Values out of such limits were discarded after verifica- of transmission and probably difficulties with the encoding-
tion in the written reports for human errors. In a next step adecoding of soundings. The disagreement can also be higher
preliminary statistics was calculated. Another quality control for reported tropopause values, because no all the tropopause
values passed the quality control conducted for the genera-
tion of the IGRA dataset during this period (I. Durre, per-
sonal communication, 2006).

1Antuﬁa, J. C., Marin, D., and Aroche, R.: Statistical model
of some atmospheric parameters at CaineggMeteorological Site,

in Spanish, Unpublished Manuscript, available from the Cama .
I(\/Iete%rological F():entre Library), 24 Bp 1991 9 The lack of data in the IGRA dataset for the WMO sta-

2Antufia, J. C., Aroche, R., Guaty, A., Morales, C., and Perez, p..ion 78 355 for the year 1981 is the particular case of miss-
Behaviour of the tropopause at the CarisgMeteorological Site. ~ INg data caused by missing blocks of data while the lack of
Part I: Aerological variables, (in Spanish, Unpublished Manuscript, Soundings between 1982 and 1988 represents the particular
available from the Camdgy Meteorological Centre Library), 32 case of missing data due to random sampling. Both cases of
pp., 1992. missing data are considered the two which most affects the
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Table 1. Statistics for the height and temperature at selected mandatory levels from reports ati@anaalip-sounding station (WMO
number 78 355) derived from original handwritten reports and from the current IGRA dataset.

Antufa et al. (1998 IGRA Dataset
Altitude (m) T(C) Altitude (m) TCC)
PrhPa) Mean o Mean o Cases Mean o Cases Mean o Cases
1000 141 16 224 17 1664 147 15 552 220 27 587
850 1544 20 16.1 19 1664 1545 20 666 159 25 661
700 3176 27 8.2 19 1647 3176 28 656 81 21 654
500 5876 48 —-7.2 21 1570 5878 40 608 —-7.3 21 603
400 7581 56 —-18.3 2.3 1500 7583 51 554 -185 2.2 542
300 9664 81 -334 25 1423 9665 63 519 -335 2.6 512
250 10925 90 —43.0 2.7 1337 10923 68 473 -43.0 2.7 462
200 12392 82 542 27 1230 12386 82 424 -542 2.8 416
100 16595 102 —-74.6 3.3 919 16595 99 293 -745 3.7 298
70 18680 120 -71.8 3.5 777 18680 103 252 -72.2 5.1 254
50 20692 129 -64.2 31 613 20697 127 189 —-64.4 4.2 193
30 23871 176 -549 2.7 428 23855 177 125-555 3.6 125
20 26516 173 —484 3.0 246 26498 220 57 -489 3.7 56
homogeneity of radiosonde datasets (Kidson and Trenberth, (a) (b)
1988). 10 T 10

Using the current available information from IGRA for the
78 355 station at 1200Z between 1982 and 1988 we derived
the mean values of height and temperature as well as. its 30
In order to compare, we selected the same mandatory levels 5o}
that were used in the former study by Ahtuet al. (1991,

Also the statistics for pressure and temperature at the mul-
tiple tropopause levels reported in the current IGRA 78 355
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dataset were calculated. Soundings conducted at 1200Z were = 200! N . 2000 «
used for such purpose, in the same way that it was done in 2% R v
the previous referred study (Arita et al., 1992). 400} 400} <
Moreover, T-Students tests were used to estimate the sta-  °° 500f
tistical significance of the difference of the means from both oot EI /
datasets (results from the original handwritten dataset as the '°%2 o_o02 04 06 o0s %%, o1 o o1 o2
Temperature (K) Temperature Gradient (K/km)

population and the actual ones contained in IGRA as the sam-

ple). Fig. 1. Profiles of the differences between the population and the
sample.(a) Differences of the mean temperaturés), Differences
3.2 Mean sounding of the vertical temperature gradient.

Table 1 shows the height and temperature means and stan-
dard deviations for the selected mandatory levels togetheFig. 1. In Fig. 1a the differences of the mean temperature
with the number of cases at each level. The available alti-show values of 0.4 K at 1000 hPa, decreasing to the middle
tude and temperature data in the current IGRA dataset rangagoposphere. Between 700 and 100 hPa the differences are
between 40% at lower levels and 20% at the higher ones 0.1 K, with no differences in the layer from 250 to 100 hPa,
comparison with the total of soundings conducted at the staaround the tropopause. Then the mean temperature differ-
tion 78 355 between 1981 and 1988. ences increase above the tropopause reaching its larger val-
A comparison of the altitude mean amdbetween the ues on the top of the profiles. Such relative higher differ-
IGRA dataset (sample) and the original handwritten dataseences values on top of the sounding are associated with the
(population) show light differences. We find a similar feature 80% of the missing data in that layers in comparison with
for the temperature. The vertical profiles of the differencesthe 60% in the lower ones. In general the magnitudes of the
of the mean values of temperature and mean temperature grdifferences are below or equal to 0.6 K, with the mean tem-
dient between the population and the sample are shown iperatures showing higher values in the population than in the

www.ann-geophys.net/24/2445/2006/ Ann. Geophys., 24, 2448-2006
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Table 2. Statistics for the multiple tropopause reports at Cdieggadio-sounding station (WMO number 78 355) derived from original
handwritten reports and from the current IGRA dataset.

Antuiia et al. (1998 IGRA, 78355

Pr (hPa) T{C) Pr(hPa) T{C)

Mean 112 —74.2 124 —-74,3
1st Tropopause Standard Dev. 16 3.8 73 7.7

Cases 760 314

Mean 87 —74.5 81 -73.9
2nd Tropopause Standard Dev. 15 3.2 20 6,4

Cases 218 54

Mean 83 —73.0 67 —69,8
3rd Tropopause Standard Dev. 12 33 20 10.7

Cases 25 8

sample. That is a notable result considering the amount of Although there is a noticeable difference in the percent of
missing data. multiple tropopause reports, the comparison among the mean
Figure 1b shows the differences of the mean temperaturealues of pressure and temperature for the population and the
gradient between the population and the sample. In generadample is encouraging.
the absolute value of the differences is lower than 0.1 K/km, Table 2 contains the statistics for the pressure and tem-
except at 100 hPa, where it reaches almost 0.2 K/km. Highperature of the multiple tropopauses derived both from the
est relative values of the temperature gradient differences arpopulation and the sample. The mean temperature values
located on top of the sounding as in the case of temperaturéor the first, second and third tropopauses in the sample are
differences. The reason is the same, the increase of missingside the interval defined by the mean temperature value
data from bottom to top. Both negative and positive differ- plus minus the standard deviation of the population. Some-
ences are present. In the case of the altitudes, the differenceling similar happens with the pressure, except for the third
between the population and the sample are below 20 m, witlropopause. But at least the mean pressure value for the third
both positive and negative relative values. tropopause in the IGRA dataset is inside the interval defined
The test of the statistical significance of the differencesby the mean pressure value plus minus two standard devi-
between the means showed no significant differences at alition of the population. In that particular case the very few
the levels, both for temperature and altitude. The significanceases of third tropopauses in the IGRA dataset may introduce
of the test ranged between 99.51 and 99.66% for altitude andertain bias in the mean pressure value.
between 99.50 and 99.57% for temperature. Despite the IGRA dataset contains only 60% of the sound-
The fact that there are no statistical differences betweerings conducted at the station 78 355 for the period 1981 to
the means of both datasets, although there are between @388, there are generally no significant differences between
and 80% of missing data at different mandatory levels in thethe mean values for the pressure and temperature of the mul-
sample is relevant. The explanation is likely related to thetiple tropopauses derived from the population and the sam-
normal distribution of the variables together with the fact thatple.
the main cause of the missing values (transmission difficul-
ties) has a random origin.
The former results are an indication that although the high4 Conclusions
amount of missing data in the IGRA dataset for the WMO
station 78 355, the existing dataset is statistically represenYVe have evaluated the effects of missing sounding reports
tative of the complete dataset. It is also an indicative of the@n the temperature and pressure at mandatory and multiple

high quality of the IGRA dataset for this particular station. tropopause levels using a real inhomogeneous dataset, in-
stead of a simulated one. The results of this study demon-

3.3 Tropopause means features strated that, for this station although we are in presence of

the two worse cases of missing sounding reports, they do not
The 48.6% of the soundings reported tropopauses in the pogproduce statistical significant changes neither in the mean
ulation and only 35.4% in the sample. In the same way, forvalues for temperature and altitude at mandatory levels nor
the population 28.6% and 3.2% reported double and triplein the pressure and temperature mean values at the multiple
tropopauses, while 17.1% and 2.5% reported double andropopause levels. In the present case study the only notice-
triple tropopauses in the sample. able effects of the missing soundings are the slight decrease

Ann. Geophys., 24, 2442449 2006 www.ann-geophys.net/24/2445/2006/
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