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ABSTRACT

Profiles of the latitudinal distribution of middle atmospheric density and temperature have becn
obtained from a ground based remote sensing instrument. A two color Rayleigh/Raman lidar, built
at Penn State University, was part of the LADIMAS (Latitudinal Distribution of Middle Atmospheric
Structure) campaign. The goal was to measure density, temperature, and trace constituents from the
troposphere to the thermosphere on a global scale. Measurements were taken from 707 MNorth to 65°
South latitude during a three month period between Scpiember 1921 and January 1992, The data
provides a unique opporfunity to study the latitudinal variations of the mean temperature and the
variability in the atmospheric struciure, Comparisons of the atmospheric conditions to models, such
as the CIRA atmospheric model, were made to study the deviations.

INTRODUCTION

During the past couple of decades, there has been an increasing interest in monitoring and studying
the structure and dynamics of the middle atmosphere /1,2/ using various techniques with varying
accuracies and resolutions. A Rayleigh/Raman lidar system was constructed al Penn State
University during 1990-1991. In July 1991, the lidar was installed in a standard shipping container,
which was designed to serve as a field laboratory. The Penn Stale LAMP lidar was designed as a
Rayleigh/Raman system with the goal of measuring density and temperature from altitudes of 0.3
km to 830 km, and concentrations of gases, nitrogen and water vapor from 0.5 km fo 35 km and 3
km, respectively /3/. Between September 1991 and January 1992, the LAMP lidar pariook in the
LADIMAS campaign whose goal was to measure density, temperature, and trace constiluents of the
atmosphere over the latitudinal range 70° N o 65° 5,

Satellite measurements, as well as rocket measurements from several sites, have provided the data
which are the basis for the latitudinal dependence of the CIRA Atmospheric model. It is the
intention of this paper to present temperature and density profiles from the Penn Statc LAMP (Laser
Atmospheric Measurement Program) lidar system and compare them to the CIRA: 1986 /4/ and US
Standard Atmospheric (USSAT6) madels /5/. Most measurements were taken on-board the German
research vessel RV Polarstern. A deseription of the vovage and meteorological conditions, together
with a description of the instrumcnt and signal processing techniques, are presented,

INSTRUMENTATION

The instrument consists of five principal subsyslems: transmiller, receiver, detector, data system, and
safety system. Light is emifted from a Nd:YAG laser, at a pulse repetition rate of 20 Hz with 7 ns
long pulscs, providing approximately 600 m] pulses in the visible (332 nm) and 250 mJ pulses in
the ultraviolet (355 nm). The cnergy in each pulse is measured and recorded by the data system.
The laser beam is expanded through a five power telescope and directed into the atmosphere on the
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axis of the receiving telescope.  The rcceiver consists a 16" classical Cassegrain telescope with
several beam steemng components. The detector box utilizes a unique shuttering svstem and six
separate detector channels to detect both high and low altitude Rayleigh data, and nitrogen and water
vapor Raman data. The high aftitude signal is shutlered over the first 15 km to prevent saturation
of photon counting PMT's. A high speed data acquisition system allows 15 m resolution in the
lower altiudes and 75 m resolution in the higher altitudes and Raman channels.

SIGNAL PROCESSING

Temperature calculations from Ravleigh lidar data can be achieved by integrating down relative
density profiles using the hydrostatic equation and ideal gas law. Combining these two equations
and solving for temperature /6/ vields,
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where R is the gas constanl for dry air, p(z) is the density at altiwde z, g is the acceleration of
gravity, P(z) is the pressure at altitude 2, and M is the mean molecular weight of the atmosphere.
All that is needed for the integration is a starting temperature which can be found in atmosphenc
models. By selecting the cutofl end of the signal al a point where it matches closcly with the CIRA
model, errors caused by inaccurale slarting lemperalurcs can be minimized. On average only a few
kilometers of signal were sacrificed in order to gain greater tomperature accuracies. By starting the
temperature integralion al a lower densily error, less lemperature crror is propagatcd down the curve.
This process assumes that the scattering profiles represents the pure molecular atmosphere and that
there arc no contributions from acrosols. After the Mt Pinatubo wolcano erupted, the acrosol
contamination of the molecular profile rose to heights near 35 km.

Background was climinated by subtracting the averaged high altitude end of the signal, In a few
cases where the atmospheric signal was not of insignificant value, the tail end of the signal was
fitted to the CIRA model /1/. Due to the shutter wheel configuration, there were only a few data
points on the top end of the signal for which an average background could be caleulated.
Fluctuations in this value made it difficult to pin down an exact value. Background errors, N, can
alter the temperature, AT(z,). by the equation /7/,
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As the photon count approaches the background error, larger temperature errors are incurred. The
larger photon counts in the lower altiludes are not elfected as much.

It is difficult to draw comparisons to monthly and latitudinal mean lemperatures with only a fow
hours of mcasurcd data. Significant fluctuations can be seen in 5 and 30 minute data samples from
the cffects of gravity wave propagation /8/. In order to average oul any small scale wave structures,
the data were height reduced to | km and integrated from 1 to 4.5 hours. Long inlegrations reduce
the superposition of waves which could cause larger temperature fluctuations and deviations from
the mean temperature. The raw data was then processed using a Hanning filter with a window size
that increased with increasing altitude. The window has a minimum size of 2 km at 20 km altitude
and a maximum size of 7.8 km at 70 km altitude.
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OBSERVATIONS

During the METALS campaign at the Andova Rocket Range, the LAMP lidar obtained data together
with meteorological rockets. One of these comparisons is shawn in Figure 1. The lidar data were
integrated over 30 minutes and height reduced to 150 meters in order to closely match the rocket
resolution. Both the 355 nm and 532 nm data channels follow the rocket measurements closely.
The error bars signify only the statistical error due to the number of photon counts.

Figures 2, 3, and 4, show data from the two-color measurements of the LAMP lidar during the
LADIMAS campaign. The solid lines signify the CIRA model. Figure 2 demonstrates close
correlation of the LAMP data to the CIRA model. Temperature is extended down to 25 km, since
the Pinatubo dust layer was not very prominent above the lower stralosphere in the high latitude
regions. Increases in wave activity, shown in both Figures 3 and 4, cause noticeable deviations from
the CIRA model.
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Figurc 5 provides a summary of density ratios and temperatures for the entire LADIMAS campaign
over several height intervals. The solid lines are the CIRA model ratio, while the circles are the
measured average signal ratio. Data from the LAMP lidar was selected at 107 latitude intervals,
since the CIRA model gives temperature and pressure data at 10° latitude intervals. The density
ratio plots were obtained by forming the ratio of the CIRA model and the LAMP signal to the
USSA76 model. The ratios to the USSAT76 model provide information about how well the CIRA
model and the present measurements agree in disiribution over latinde and month. At 35 km
altimude, between 40° § and the equator, the Pinatubo aerosols contaminate the signal and thus have
been removed from the plot. Above 40 km there are no effects from the stratospheric acrosol layer,
Because of heavy cloud coverage, there are a few missing points at 60 km where the data did not
achieve the limit of 4% statistical error. Seasonal changes in temperature and density are the main
cause for the structure of the CIRA model over the latitudinal range of Figure 5. We have found
that the density and temperature, measured by the LAMP lidar, follow the CIRA model closely in
these altitude regions.
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Figure 5. Temperamre and density ratios for both LAMP data and the CIRA
model as a function of latitude, season, and altitude.
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COMCLUSIONS

The LAMP Lidar provided an enormous data base, which covers 70° N ta 65° § latitude. There was
a unique opportunity to compare our lidar results with established models, such as CIRA, which
cncompass the range of our data. We have found, in this preliminary analysis, that there is a high
degree of correlation between ocur lemperatures and densities and the CIRA temperatures and
densities. The investigation has shown the impact of careful processing of data, which is absolutely
necessary when analyzing Rayleigh data for density and temperature. Small errors in the density
gradient will lead to very large errors in the temperature calculation. Great care must be taken,
therefore, when subtracting the background, since so few signal counts exist at the higher altitudes.
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