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AND RFAULTS

Lidtrr temperotnre record
Plate 1 shows a summary of all of the lidar temperature
profiles recorded at MLO between January 1994 and July
1997.
Climatological temperatures
Each individual lidar temperature profile was interpolated
to obtain data points every one kilometer. The lops of the
profiles were truncated about 10 km lower than the initial tieon altitudes so that the results containing a non negligible
part of a priori information and/or noise were not used. High
confidence levels are expected up to 75 km altitude. The
profiles were then merged into a composite single year of
data. A weighted running average with a triangular 33-day
width filtering scheme was applied to each day of the
composite year that a profile was available. The remaining
days with no profile were filled with an interpolated profile
obtained using a two-dimensional minimum curvature spline
method. Although these interpolated profiles were plotted
they were not retained in the numerical database in order to
avoid inaccuracies in the different analyses described later.
No removal of tidal structures was performed even though
the role of the diurnal and scmidiurnal tides may not be
negligible above 80 km at MLO
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Plate 1. Lldar temperature record at MlX).
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DATA ANALYSIS

‘llw JPL Lidar at Mauna L.oa Observatory (M[D) ccmtinues to make regular measurements of ozone, temperature and
aerosol profiles for the Network for the L>etection of Stratospheric Change (ND.SC) program. This report describes the
dcvclopmcnt of a tcmpcraturc climatologyy from onc aspect
of the lidar results.
The temperature structure of the middle atmosphere has
been studied for several decades using a variety of techniques. Temperature profiles derived from lidar measurements currently provide improved vertical resolution and
accuracy making lidar one of the most suitable. instruments
for looking at local variations of the middle atmosphere temperature. Lidars can also provide long-term data series relative]y absent of instrumental drift, and integration of the
measurements over several hours removes most of the gravity wave-like short scale disturbances.
Here we describe a seasonal climatology of the middle
atmosphere temperature derived from lidar measurements
obtained at MLO (19.S”N). The JPL l?ayleigh/Raman Iidar
[McDermid et al., 1995] has obtained temperature measurements between -15 and -90 km since 1993. Most of the routine measurements comprise a 1.5 hour integration experirm.xrt,usually at the beginning of the night 4-5 nights a week,
insuring a good survey of stratospheric ozone and temperature as required b y the NDSC program.
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The mean annual temperature climatology is presented in
Plate 2 which clearly shows a semiannual cycle at the
stratopause, maximum temperature 266 K at 47 km, and an
annual cycle in the lower stratosphere with a very cold
minimum of 190 K at 17 km identified as the tropical
tropopause. As expected at these latitudes, the amplitude of
the seasonal variations is weak. At the top (80-85 km), where
the effect

of the

mesospheric

tides

is the

largest,

the

consequence of a stronger dynamical forcing in the northern
hemisphere. However, due to the relatively northward
location of M LO, the late winter maxima and early summer
minima of the mid-latitude annual cycle and the equatorial
SAO are in phase and may also cause the frrs( oscillation

of

the semi-annual cycle to be of larger magnitude than the
second, Finally, in Plate 3 an annual cycle is observed below
25 km and a cold spot can be noted in November at 64 km.

measured cold temperatures are more representative of early
night temperatures
tcmpcratu rcs.

than nightly

(or even a 24-hour)
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Plate 2. Mean annual temperature clirnatolog y at MID.
Temperature deviationsfiom

the annual mean

TM! annual mean temperature profrlc was then subtracted
from each available daily composite profile to obtain the
daily deviation from the annual mean. Plate 3 shows this
deviation. MLO exhibits a dominant semi-annual cycle
between 25 and 80 km ahitudc. This is not surprising since
MLO is located at 19.5”N and is influenced by the equatorial
dynamical patteril which in turn is affected by both northern
and southcril hemispheres. The semi-annual cycle observed
here is almost a continuous downward propagating
oscillation with an approximate vertical speed of 12
krnhnonth and can be identified as the thermal semi-annual
oscillation (SAO). The so-called mcsopause and stratopause
SAOS appear here as a combined single SAO propagating
downward from the mesopause to 30 km with minimum
amplitude at 45 km. A pha$c inversion is observed near 82
km similar to that observed by SME at 83 krn [Garcia and
Ckmcy, 1990]. The oscillation is strongly modulated with the
first cycle being stronger than the second. The seasonal
asymmetry of the wind and tcrnpcraturc SAO has been
wide] y reported (SW for example, Garcia ef al. [1997]). One
explanation of this [Delisi and Durkerton, 1988] is that it is a
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Plate 3. Mean temperature seasonal variations at MLO.
DISCUSS1ON

AND CONC1,USION

As has been observed in all previous middle atmospheric
tcmpcrahrrc clirnatologics [Ckmcy and Rusch, 1989; Garcia

md Clmcy, 1990, Hauclrecornc et al., 1991; Rills cmd
Gardner, 1993; Clancy et al., 1994; Yu and She, 1995,
Garcia et al., 1997] a semiannual cycle is dominant at lower
latitudes, Below 60 krn the annual cycle is in phase with the
solar flu x leading to a warm summer and cold winter
stratosphere and lower mesosphcrc, as expected. Above 65
km, the annual cycle is in opposite phase to the solar flux, as
a consequence of a dynarnicall y driven rnesosphcrc, and is
character 71xI
by a warm
winter and cold surnmcr
mesosphcre.
‘fhe
observed
downward
propagating
temperature behavior in the mcsosphcre points out the
dominant wave driven pattern, in contrast with the verticality
stationary behavior observed below 50-55 km. At MLO the
dominant semi-annual cycle is modulated by the northern
mid-latitude annual cycle thus contributing, together with the
well known seasonally asymmetric equatorial SAO, to the
first warm-cold cycle (winter and spring) being stronger than
the second (summer and fall).
Systcrnatic departures from the CIRA-86 model were
observed, Plate 4, which confirms the similar resuhs of
previous comparisons [Hauchecorne et al., 1991; Clancy et
al., 1994]. In particular, too cold temperatures in the CIRA-

3
86 model lead to a large differences (> 15 K) around 90-95
km

compared

to lidar results, possibly due to an
overestimationof non-LTE effects in the computation of the
CIRA-86 temperatures [Zfiwrertce and Randel, 1996]. On an
annual basis CIRA-86 seems to be too warm around 55-60
km, too cold between 60 and 75 km, too warm between 75
and 85 km, and much too cold around 90-95 km. Using too
cold CIRA-86 temperatures at 90-95 km for initialization can
lead to some dramatic temperature errors at the very top of
the Rayleigh lidar profiles. For this reason the JPL. lidar
group is currently investigating the use of a different a priori
temperature information to avoid such uncertainty.

crucial for many purposes such as providing a reference
atmosphere for models and instruments, a background
atmosphere
for smaller
scales studies,
an overall
comprehension of the strongly coupled lower-middle-upper
atmosphere, and more. To this date, only a few instruments
can provide such long-term data series. With the recent and
future development of many ground based lidars within the
NDSC at many latitudes, a more complete climatology of the
middle attnospheric temperature should be available within
few years.
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climatologies
The chaotic nature of the seasonal variations of the middle
atmospheric temperature allows most of the discrepancies
observed between the lidar and CJRA-86 climatologics, to be
explained. Above MLO, it is likcl y that most of the observed
departure in the middle and upper mesosphere is related to
tidal effects and/or the mcsopausc thermal SAO. Ike
amplitudes of 1-S K predicted by tidal models [Hagan et al.,
1995; Hagan, 1996] may bc underestimated [Keckhuf et al.,
1996] and this will bc investigated in more detail in the
future.
The climatology presented in this paper was obtained
using composite temperature profiles from several years of
measurements. Of course, a non-negligible intcrannttal
variability may disturb the temperature field from year to
year. However, the trends already observed in previous
climatologies [Hauctworne el al., 1991; Hood et al., 1993]
remain small compared to the seasonal variations. Also, the
effect of volcanic eruptions, such Pinatubo in 1991 [Keckhw
el al., 1995], may have non-negligible disturbing effects. All
trends, 11-year solar cycle, Quasi Biennial Oscillation
(QBO), and volcanic eruption effects are currently being
investigated. The use of such a complete climatology is

of the
Bills, R. 11., rmd C. S. Gardner, I.idar observations
rnesopause
region temperature
structure at Urbana, J. Geophys.
kX.,
98, 1011-1021, 1993.
Clancy, R. T., and D. W. Rush, Climatology and trends of
mcsospheric
(58-90 km) temperature based upon 1982-1986 SM}l
limb scattering profiles, J. Geophys. Res., 94,3377-3393,
1989.
Clancy, R. T., D. W. Rush, and M. T. CalIan, Temperature
minima in the average thermal structure of the middle atmosphere
(70-80 km) from analysis of 40- to 92-kn] SMli global temperature
profiles, J. Gcophys. Res., 99, 19,031-19,020, 1994.
Delisi, I). P., and T. J. Dunkerton,
Seasonal variation of the
semiannual oscillation, J. Atmos. Sci., 45, 2772-2787, 1988.
Garcia, R. R., and R. 1. Clancy, SCasonal Variation in equatorial
mesospheric
temperatures
observed by SM[i, J. Atmos. Sci., 47,
1666-1673, 1990.
Garcia, R. IL, 1. J. Dunkerton,
R. S. I,iebennan.
and R. A.
Vincent, Clintatok~gy of the semiannual oscillation of the tropical
middle atmosphere, J. Geophys. Res., 102,26,019-26,032,
1997.
Hagan, M. IL, J. M. l~orbcs and 1’. Vial, On rnorfeling rnigrat ing
solar tides, Gcophys. Res. I,ett., 22, 893-896, 1995.
Hagan, M. Ii., Comparative effects of migrating solar sources on
tidaf signatures in the middle and upper-atmosphere,
J. Geophys
Res., 101,21,213-21,222,1996.
Hauchecorne,
A., M. 1.. Chanin, and P. Keckhut, Climatology
and trends of the middle atmospheric
temperature
(33-87 km) as
seen by Rayleigh lidar over the south of Prance, J. Geophys. Res.,
96, 15,297-15,309,1991.

Hood, 1.. l.., J. 1.. Jirikowic, and J. P. McCornlack, Quasidccadal variribilit y of the stratosphere: Influence of long-term solar
ultraviolet variations, J. Atmos. Sci., 50, 3941-3958, 1993.
Keckhut, P., A. Hauchecorne, and M. 1,. Chanin, Midlatitude
long-term variability y of the middle atmosphere: l’rends and cyclic
and episodic changes, J. Gcophys. Res., 100, 18,887-18,897, 1995.
Keckhul, P., et al, Semi-diurnal
and diurnal tides (30-55 km):
Climatology
and effect on UARS-1 .lDAR data comparisons, J.

Geophys. Res., 101, 10299-10310,1996.
Imvrence, B. N., and W. J. Rmdel, Variability in the rnesosphere
observed by the Ni rnhus 6 pressure modulator radiometer, J.
Geophys. Res., 101,23,475-23,489,1996.
McDcrn~id, 1. S., T. D. Walsh, A. Dcslis and M. I.. White,
Optical systems design for a stnitosphcnc lidar system, Appl. Opt..,

34,6201-6210, 1995.
Yu, J. R., and C. Y. She, Climatology
of a rnidlatitude
mesopause region observul by a lidar at Fort Collins, Colorado
(40.6”N, 105W), J. Gcophys. Res., 100,7441-7452,1995.

