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Abstract. The Department of Meteorology at Stockholm aerosols extinction in the troposphere and lower stratosphere
University operates the Esrange Rayleigh/Raman lidar at Eswith daylight capability.
range (68N, 21° E) near the Swedish city of Kiruna. This
paper describes the design and first measurements of the new
pure rotational-Raman channel of the Esrange lidar. The Es-
range lidar uses a pulsed Nd:YAG solid-state laser operatd Introduction
ing at 532 nm as light source with a repetition rate of 20 Hz
and a pulse energy of 350 mJ. The minimum vertical resolu-Temperature is a key parameter of the state of the atmo-
tion is 150 m and the integration time for one profile is 5000 sphere. Knowledge of atmospheric temperature helps to
shots. The newly implemented channel allows for measureidentify and understand climatological, meteorological, and
ments of atmospheric temperature at altitudes below 35 kntlynamical processes. A variety of techniques can be ap-
and is currently optimized for temperature measurements beplied to obtain temperature profiles from lidar measurements.
tween 180 and 200 K. This corresponds to conditions in theEach of these techniques covers a certain height range:
lower Arctic stratosphere during winter. In addition to the rotational-Raman and high spectral resolution lidar (from the
temperature measurements, the aerosol extinction coefficierground to the upper stratosphere), vibrational-Raman lidar
and the aerosol backscatter coefficient at 532 nm can be megfrom the upper troposphere and lower stratosphere), the in-
sured independently. Our filter-based design minimizes théegration technique (from the middle stratosphere up to the
systematic error in the obtained temperature profile to lesgnesopause), and the resonance-fluorescence technique (from
than 0.51 K. By combining rotational-Raman measurementghe mesopause region to the lower thermosphere). Detailed
(5-35km height) and the integration technique (30-80 kminformation about the different techniques can be found in
height), the Esrange lidar is now capable of measuring atBehrendi(20035. The rotational-Raman technique in combi-
mospheric temperature profiles from the upper tropospher@ation with the integration technique can be used to cover an
up to the mesosphere. With the improved setup, the systeraltitude range from the ground to the mesopause and allows
can be used to validate current lidar-based polar stratospheriior the observation of diurnal and wave-related variations as
cloud classification schemes. The new capability of the in-well as small-scale vertical structures of atmospheric temper-
strument measuring temperature and aerosol extinction furature. Such information is necessary to understand meteoro-
thermore enables studies of the thermal structure and varilogical processes, e.g. the propagation of gravity waves and
ability of the upper troposphere/lower stratosphere. Althoughthe formation of tropospheric and stratospheric clouds.
several lidars are operated at polar latitudes, there are few in- In the winter stratosphere polar stratospheric clouds
struments that are capable of measuring temperature profild®SCs) provide the surface for heterogeneous reactions
in the troposphere, stratosphere, and mesosphere, as well aich transform stable chlorine and bromine species into
their highly reactive ozone-destroying states. PSCs are
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classified into three types (PSC la: nitric acid di- or trihy- Table 1.Emitter properties and characteristics such as central wave-
drate crystals, NAD or NAT; PSC Ib: supercooled liquid length (CWL), full width at half maximum (FWHM) of the receiver
ternary solutions, STS; PSC II: ice) according to their par-branches.

ticle composition and to their physical phasécCormick

et al, 1982 Poole and McCormick1988. The formation of emitter 1997 t0 2012 since 2012
PSCs (in particular that of ice PSCs) is strongly controlled  wavelength, nm 532 532

by the detailed structure of the temperature profile. In the polarization linear linear
Arctic stratosphere gravity-wave-induced temperature modi- beam diameter, mm 90 90
fications play an important role, since synoptic processes are beam divergence, urad 50 45

not as sufficient for producing the temperatures necessary Pulse energy , mJ 350 900

for PSC formation as in the AntarctiCérslaw et aJ.1998 receiver properties

Dornbrack et al.200Q Hopfner et al. 200% Blum et al, channel nm y 532] 608
2005 Juarez et a).2009. However,Wang et al(2008 and CWL, mm 53213 53213  608.36

Achtert et al.(2012 showed that the formation of PSCs can
also be associated with underlying deep-tropospheric clouds.
These cloud systems affect PSC formation because they can
cause adiabatic cooling in the lower stratosphere. This cool-

ing effect can affect both PSC formation and microphysical_d in f ble | h diti . . ith bal
properties, i.e. PSC typadhikari et al, 2010). identify favorable launch conditions in connection with bal-

For a comprehensive understanding of such temperaturépon ar_1d rocket campaigns at Esran@elmbel, 2007. The
dependent processes in the stratosphere, the rotationa‘?-XtenS'on of the system with a rotational-Raman channel al-
Raman technique is most suitable. In contrast to the integra—OWS for accurate h|gh-resqlutlpn.temperature megsurements
tion technique, it allows for temperature measurements als etween 5 a!"d 35km which is important for an improved
in the presence of aerosol layers and clou@sdney et al. characterlzatlon of clouds (such as P$Cs) and aerosol layers.

It will furthermore be useful for studying the thermal struc-

1972. The integration technique can only be applied if the L . .
hydrostatic equilibrium equation and the ideal gas law are'ure and variability of the high-latitude upper froposphere

valid. It involves integrating the relative density profile in an and stratosphere.
aerosol-free atmosphere downward using a starting temperaz 1 Emitter side
ture at an upper altitude. Another method to extend the tem-"—

perature retrieval to heights below 30km is the vibrational-The emitter side of the lidar consists of a pulsed solid state
Raman techniquegckhut et al. 1990 Hauchecorne et al.  Ng:yAG laser with a repetition rate of 20 Hz. Currently, only
1992. However, detall_ed |_nforma_t|0n on aer(_)sols, clouds, the frequency-doubled light (532nm) is emitted. A beam
and_ozong concentration is req.uwed to obtain temperaturg;igening telescope expands the beam diameter from 9 mm
profiles with reasonable uncertainfygduilhe et al.2009. to 9 cm before a steerable mirror directs the beam vertically
This paper is structured as follows: first we will give a de- intg the atmosphere. The beam expansion leads to a reduced

scription of the design and operation of the new channel ingjyergence from 500 to 50 prad. More information about the
Sects.2 and 3, respectively. First measurement results aréoptical setup of the emitter side can be foundBiam and

presented in Sectl. The paper closes with conclusion and Fricke (2009. The emitter properties are given in Talile
outlook in Sect5.

FWHM, nm 0 0.13 3.00
altitude range, km 4-60 4-100 4-50

2.2 Receiver side

2 The Esrange lidar The Esrange lidar uses three Newtonian telescopes with in-
dividual mirror diameters of 50.8cm and a focal length of
The Department of Meteorology of the Stockholm Univer- 254.0cm. The backscattered light collected by each tele-
sity operates the Esrange lidar at Esrangé [6&1° E) near  scope is collected into one focal box where it is separated
the Swedish city of Kiruna. It was originally installed in 1997 according to wavelength and state of polarization (for more
by the University of BonnBlum and Fricke2005. The Es-  information, seeBlum and Fricke 2005. From there opti-
range lidar uses a pulsed Nd:YAG solid-state laser operateal fibers are used to guide the light to the detector. The use
ing at 532 nm as light source. The Rayleigh/Raman lidar haf three individual telescopes increases the flexibility of the
so far provided stratospheric and mesospheric measurementigar. In standard configuration, identical focal boxes (sep-
of clouds, aerosols, and temperatures (integration techniquerating 532 nm parallel, 532 nm perpendicular, and 608 nm)
from the middle stratosphere up to the mesopause). Recemrtre used for all three telescopes. In this way, the total sig-
scientific studies applying measurements from the Esrange@al is maximized and allows for measurements of atmo-
lidar have been presented Bghtert et al.(2011) andKhos- spheric signals that cover 7 to 8 orders of magnitude. It
rawi et al.(2011). In addition the Esrange lidar is used to is also possible to attach different focal boxes optimized
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Fig. 1. Schematic setup of the pick-up and the rotational-Raman (RR) bémchhe pick-up of the rotational-Raman signal in the main
Rayleigh bench is based on the reflected light from the interference filters (A-IF1, B-IF1). This is shown for both Eanatipe( branch)

and perpendiculai( lower branch) channelfb) Setup of the rotational Raman bench. IF: interference filter (blue: rotational-Raman filter),
L: lenses, BS: beam splitter. The parameter for the interference filters of the rotational-Raman channel are give@.in Table

for different wavelengths to the individual telescopes. In scattering from the total elastic backscatter signal. Both
January/February 1999 the focal box of one of the tele-interference filters have a central wavelength (CWL) of
scopes was optimized for receiving rotational-Raman signal$32.13 nm and a full width at half maximum (FWHM) of
(Behrendt et a).2000. However, this approach of altering 0.13nm (Tablel). The reflected light from both interfer-
only one focal box affects the overall signal strength. ence filters is guided through a prism (not shown in Eagj.

For high resolution temperature measurements withininto one optical fiber each and transported simultaneously
aerosol layers and clouds, the elastic-backscatter signal hae the rotational-Raman bench (Fitg). The optical setup
to be blocked sufficiently. Besides the blocking efficiency, of the rotational-Raman channel is shown in Fif. This
the center wavelength and channel passband of the apdesign enables the adjustment of the CWL by varying the
plied filters are important to yield minimum statistical errors tilting angles of the filters. Due to the sequential mount of
within the height region of interest. The parameters for thethe two rotational-Raman channels a high suppression of at
rotational-Raman channel of the Esrange lidar were choseteast 10 orders of magnitude of the elastic signal is achieved.
to optimize temperature measurements in the lower ArcticSuch suppression is necessary because the transmission band
winter stratosphere. of R-IF2 is very close to the laser wavelength. The char-

In the new setup presented here a reflection from the inacteristics of the filters is listed in Tab® The values are
terference filters in both parallel and perpendicular opticaltaken from the manufacturer’'s data sheet (Barr Associates,
branches is used to extract rotational-Raman signals from th&A, USA). Figure2 shows the extracted anti-Stokes branch
combined light detected with all three telescopes (E&). and the transmission curves of the manufactured filters. The
Note that the rotational-Raman lines show a depolarizatiorrotational-Raman spectrum for,@nd N> for a temperature
of 75 % for linearly polarized incident light. The approach of of 71 =180 K and7> =200 K was calculated as described in
combining both parallel and perpendicular optical branchedNedeljkovic et al.(1993, Behrendt and Reichard{2000
maximizes the detected rotational-Raman signal and furandRadlach et al(2008. These values correspond to min-
thermore improves the separation of the rotational-Ramanmum and maximum temperatures in the wintertime Arctic
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Table 2. Filter parameters (angle of incidence (AOI), central wave- 1 100 1

T=180K ] —RJFq TF200K 1
length (CWL), full width at half maximum (FWHM)) used in the &0} ~O2 oo 08l _p. 180 =f
_ _ = -N . R-IF2 3
new rotational-Raman receiver branch. The values are taken from=3 ? ' 60 06 Voo @
the manufacturer’s data sheet (Barr Associates, MA, USA). 2 i 1] %-
>o4 Il %740 04 1l W40 .
D IS i S
zzm N 1 i
T 0 e T LMo o asalth] Ul Mg
AOI, deg 4.5 1 526 528 530 532 526 528 530 532
CWL. nm 52045 531.55 wavelength [nm] wavelength [nm]
FWHM, nm 1.2 0.5

Fig. 2. The line-by-line pure rotational-Raman spectrum (only anti-
Stokes) of @ (blue) and N (red) calculated forf =180K (left
panel) and’ =200 K (right panel) and the transmission curve of the
two interference filters (R-1F1 with a central wavelength line (CWL)
at 531.55nm and R-IF2 with a CWL at 529.45nm) produced by
Barr Associates, Inc. The CWL of the laser is 532.13 nm.

peak transmission, % > 80 >70
band blocking a 532 nm,
orders of magnitude >8 >8

stratosphere, respectively. The filter specification was se-

lected according to the method describeddrend(2009 signal (weighted sum of both signals) and one elastic sig-

andRadlach et al(2008 with nal Behrendt et a).2002 Ansmann and Nller, 2005. The
8T Li-To , [PRrut2Psy | PRrot2Ps2 () aerosol backscatter coefficient can be calculated as
AT = — AQ ~ —0 \/ 3 3 . (1
e me Frrz Free Baer(ho. R) = —Pmoi(%. R) + (Baer(*0. Ro)
Here, Q is the ratio between the two background corrected o Ry L RR. Ro) P (o, R) N(R) 3
. . . + Bmol (20, Ro)) . (3
rotational-Raman signalBrr1 and Prr2 With P (ARR, R) P (20, Ro) N (Ro)
PrroAT, 7) and the aerosol extinction coefficient as
0T, 2) = 5————- (2)
Prr1U(T, 2)

)= 5o (NG

= 5 dz —P (*rr. Ro) R2> — amol(R). (4)

LT
Q1 and Q> are the corresponding ratios for both rotational-
Raman signals at a different temperatufgs and Py are -, P(.rr, R) is the weighted sum of both rotational-

the total background signals of each chann®f’ has a : . .
o ) . Raman signals. Before processing, all detected signals are
minimum for a certain temperature range depending on the
. : . . . corrected for background and rang®) effects. The molec-
signal intensities. These in turn depend on ambient tem- :
. . . ular number concentratioN, the molecular backscatter co-
perature and background intensity. The CWLs of the in-__. . o e
: . ._efficient Bmol, and the molecular extinction coefficiemto
terference filters were chosen in a way that the transmis- X
. . can be calculated from standard atmosphere or radiosonde
sion curve of the filter close to the central wavelength (Bucholtz 1995. A value for the backscatter coefficient at
(with all possible manufactured uncertainties from CWL and % ’

FWHM) only includes the first three rotational-Raman lines garg:ggzgcgmhe'gfo i(r:]:IT tﬁeb(ﬁ ?lessgmwr;?;%l E[geRzerlgisor:
of O and No. There are two advantages to this design. g 1s typically hegig P yielg

First, the statistical temperature uncertainty is smaller Whenscattermg. The lidar ratio is the ratio of aerosol extinction

more than one rotational-Raman line is includBetrendt and aerosol backscatter coefficient.

2005 Radlach et a).2008. Second, the statistical temper-

ature uncertainty for7;=180K and7>=200K is higher 3 Data analysis

when the fourth rotational-Raman line would be included.

For PSCs the optimum central wavelength (CWL) lines For a standard measurement we use a detection range gate

are CWLlgr1=531.55nm and CWkr2=529.45nm. The of 1 us which results in a vertical resolution of 150 m. Typi-

temperature sensitivity for these two lines is 0.51 K. Both cally, 5000 laser shots are integrated which results in an tem-

chosen CWLs in our system are in the same region agporal resolution of about 5min. Measurements of backscat-

the CWLs (CWIgr1=531.7nm and CWkr2=529.35nm tered signals polarized parallel and perpendicular to the plane

same, FWHMSs as our system) suggested for measurements polarization of the emitted laser light are used to derive the

within PSCs byBehrend(2005 and references therein. The backscatter ratidk, the aerosol backscatter coefficigdyk,

optimum filter parameters for CWL2 are very close to the and the linear aerosol depolarization ratig. The molecular

elastic backscatter line and require a high suppression. Th&action of the received signal is determined either from the

manufactured filters by Barr Associated Inc. have an suppressignal above the clouds or by use of a concurrent temperature

sion of at least 10 orders of magnitude. and pressure reanalysis. The molecular signal has to be nor-
The aerosol backscatter coefficigiatrand the aerosol ex- malized to the Rayleigh signal in the aerosol-free part of the

tinction coefficientager can be determined using a Raman atmosphere to calculate the absolute value of the backscatter
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Fig. 3. Temperature measurements at Esrange between 03:17 and 07:58 UT on 20 Januday R@¥icounts of the two rotational-Raman
channels(b) Atmospheric temperature profile calculated from the rotational-Raman signal (black, gray area shows the error) in comparison
to the temperature profile from a radiosonde launched at 05:00 UT from Esrange (green) and the ECMWF-reanalysis temperature profile
(red) from 06:00 UT(c) Deviation between the lidar profile and the radiosonde (blue) as well as the statistical temperature uncertainties of
the lidar measurements (black).

ratio. For the spectral bandpass of the detector, the value 0} @ _2A @)
the molecular depolarization ratiodgo = 0.0036 Blum and z) =
Fricke 2009, B+ /B2 — 4A(C — In[Q(T, R)])

The ratio Q of the pure rotational-Raman backscatter which is applied to our atmospheric measurements. Large ex-
signals at 529.45 and 531.55nm has to be calibrated withrapolation errors can be avoided by using a least square fit-
temperature profiles measured with radiosondes or from reéting function.
analysis data to obtain accurate atmospheric temperature The raw counts of the two rotational-Raman channels and
profiles from the lidar measurements. During a measurethe temperature profile derived between 03:17 and 07:58 UT
ment campaign in January/February 2011 eight radiosondegn 20 January 2011 are shown in FRa and b, respec-
(VAISALA RS92-SGP) for the comparison were launched tively. A radiosonde was launched from Esrange at 05:32 UT.
from Esrange and reached altitudes between 15 and 30knthe calibration of the rotational-Raman backscatter signal
ACCOfding to the data sheet the total Uncertainty is 0.5 Kwas done for measurements averaged between 04:23 and
for a measurement range from +60+®0°C (VAISALA,  05:53 UT. Figure3c shows the deviation between the lidar
2012. However, the 2010 WMO intercomparison of differ- profile and the radiosonde and the statistical temperature un-
ent radiosonde systems reported a total uncertainty of only.ertainties of the lidar measurements. The calibration can
0.2K for the VAISALA RS92 radiosondé{MO, 2010. In  only be performed when the radiosonde and the lidar mea-
total 13 temperature measurements were conducted duringyrements are close in space and time. In the case presented
this campaign. The functional relation between temperatureyere the reference data for the calibration were taken below
T and the ratioQ can be described with a linear or quadratic an altitude of 15km to ensure a negligible influence of ra-

fitas diosonde drift-off. The horizontal distance of the radiosonde
A to the launch site at Esrange was 38.5km at an altitude of
O(T, R) = exp (m + B) , (5) 15 km. Note that the total uncertainty of the radiosonde tem-
perature data below that altitude lie between 0.2 and 0.3 K for
or the height range 1080 to 100 hPa and 100 to 20 hPa, respec-
tively (VAISALA , 2012). The derived temperature profile is
O(T, R) = exp( + _B + C) , (6) in agreement with the ECMW(F-reanalysis from 06:00 UT up
T(R)?  T(R) to an altitude of 25 km (Fig3b). The statistical uncertainty

of the derived temperature profile (gray area in Hp) is

respectivelyA, B, andC are calibration constants. The con- :
ducted calibrations showed that the quadratic relationshippGIOW 1_K.up toan alt!IUQe of 15km. Between 15 and 30 km
he statistical uncertainties reaches values up to 2 K.

agrees better than the simple linear fit for our measurementé.
As described iBehrendt(2005 Eq. ) yields better results

for a wider range of temperature-60 K). Inverting Eqg. )
leads to an equation for the temperature
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Fig. 4. Temperature profile between 5 and 75km measured at Eslidar between 19:48 and 01:23 UT on 6 February 2@jLTemper-
range between 13:39UT on 14 January 2011 and 08:36 UT orgture profile (black) and the error in the temperature (gray area) de-
15 January 2011. Profile were obtained using the integration techtived over the entire measurement period in comparison to ECMWF
nique (blue) and the rotational-Raman technique (black). The grayfrom 00:00 UT on 7 February 2011. Gray lines indicate the forma-
shaded area shows the error range. For comparison the tempertion and existing temperatures for PSC of type: ice (dashed), STS
ture profiles measured with radiosonde (green) and given by thdsolid), and NAT (intermittent).

ECMWEF re-analysis (red) are shown as well.

by a pure NAT layer between 22.5 and 23.5km. Between
4 Application to PSC and cirrus measurements 21:30 and 01:00 UT a mixed-phase layer that descended from
18.5km down to 16 km was observed.

Figure4 shows that combining the findings of the measure-  Further, Fig.5b shows the lidar-derived temperature pro-
ments of the new rotational-Raman channels (black) with thefile collected over the entire measurement period together
integration technique (blue) allows for a retrieval of temper- with formation and existing temperatures for the different
ature profiles between 5 and 80 km. The temperature profileypes of PSCs. The temperature was calculated with the cali-
was measured between 13:39 UT on 14 January 2011 andration constants derived from the measurements on 20 Jan-
08:36 UT on 15 January 2011. Very good agreement is founduary 2011, discussed in Se8t.PSCs of type Ib (STS) form
in the overlap region of the two techniques between altitudesat temperatures below 193 K which were reached between
of 28 and 32 km. However, below 28 km the temperature pro-19 and 21.5km. In contrast, PSCs of type la (NAT) and Il
file derived by using the integration technique gives lower (ice) are initiated at temperatures 3—4 K below the ice frost
values (more than 5K difference). The reason for this tem-point. This threshold was not reached during the measure-
perature difference is that the integration technique is onlyment period. However, the temperature was below the NAT
reliable within an aerosol-free atmosphere above 30 km. Foexistence temperature of 195 K between 17.5 and 24 km. The
comparison temperature profiles measured by a radiosondetter two facts suggest that the NAT layers observed in the
launched at 13:30UT the same day (green) and derivedlassification presented in Fi§a were not formed over the
from ECMWF reanalysis (red) are shown in Figas well. measurement site.
The temperature profiles obtained with lidar, radiosonde, and A development of a cirrus cloud is shown as change in the
from the model output are in very good agreement. Temperparticle depolarization signal over time in Fa. The cirrus
ature differences of 1 and 2 K are found below and above theloud was observed between 9.5 and 10.2 km from 14:31 to
tropopause, respectively. 17:45UTC on 25 January 2012. The corresponding profiles

We will give two examples of how the new rotational- of the extinction coefficient, the lidar ratio, and temperature
Raman channels improve the measurement capabilities adre shown in Fig6éb, ¢, and d, respectively. The extinction
the Esrange lidar. The first is an application to PSC mea<oefficient reached a value of 60 Mrhin the cirrus cloud.
surements while the second deals with the observation of &he corresponding lidar ratio of around 2% sr is typical
sub-visual cirrus cloud. for sub-visual cirrus observationdgsset et al2012).

Figure5a shows the development of a PSC observed be-
tween 19:48 and 01:23 UT on 6/7 February 2011 above Es-
range. The PSC-types were routinely classified depending
on their perpendicular and parallel backscatter ratios as de-
scribed byBlum et al.(2009. According to this classification
the observed PSC consisted of a layer with a mixture of solid
and liquid STS particles between 19 and 22.5km topped

Atmos. Meas. Tech., 6, 9198, 2013 www.atmos-meas-tech.net/6/91/2013/
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Fig. 6. (a) Development of a cirrus cloud above Esrange between 14:31 and 17:45UT on 25 January 2012 in terms of the patrticle depolar-
ization ratio and profiles of the extinction coefficien{b), the lidar ratioS (c), and temperatur® (d).

5 Conclusions and outlook have presented temperature observations in a PSC in combi-
nation with its classification from polarization-sensitive elas-
We have described the design of a pure rotational-Ramaric backscatter signals according to an established method.
channel for atmospheric temperature and aerosol extinctiohe temperature measurements support the classification of
measurements and its application to the Esrange lidar neahe different layers of the observed PSC. With the new de-
Kiruna, Sweden. The new detection channel was optimizedection system in place, a growing number of measurements,
for temperature measurements between 180 and 200 K. Thiwith combined PSC classification and temperature profiles
corresponds to the conditions in the lower Arctic stratospherewithin the PSC will now be used to validate the current un-
during winter. Using light reflected at the interference filter of derstanding of PSC formation and to improve common lidar-
the 532-nm elastic backscatter channel in combination withbased PSC classification schemes. These studies will take ad-
narrow-bandwidth interference filter in the rotational-Ramanvantage of the geographical location of Esrange where moun-
channels leads to a strong attenuation (more than 10 ordetsin wave activity in the lee of the Scandinavian mountain
of magnitude) of the elastic backscatter signal and allows forange gives rise to a wide range of PSC growth conditions.
the use of rotational-Raman lines close to the wavelength oflhis is expected to lead to a better understanding of PSC for-
the emitted laser light. This design minimizes the system-mation, microphysics, and interactions.
atic error in the obtained temperature profile to less than
0.51K. A reference profile from a radiosonde or meteoro-
logical reanalysis data are needed for an initial calibrationAcknowledgementsiVe thank the MISU lidar team for operating
of the lidar-derived temperature profile. No further calibra- he Esrange lidar and the Esrange personnel for their support
tion is necessary in case of a stable performance of the Iigurlng the measurement campaign. The rotational-Raman setup

L . was financed by Esrange. The participation of M. Khaplanov was
dar system. By combining rotational-Raman measurement‘?unded by SNSB. Further we thank U. Blum and K. H. Fricke for

(5-35km height) and the integration technique (30-80 I(mthe fruitful discussions and ideas of how to improve the Esrange

height), the Esrange lidar is now capable of measuring atyigar system. We thank ECMWF for providing us with the model
mospheric temperature profiles from the upper tropospher@ata used in this study.

to the mesosphere. The new capability of the instrument fur-
thermore enables the study of temperature variations, aeros@dited by: G. Pappalardo
extinction, lidar ratio, and small-scale structures in the upper
troposphere/lower stratosphere region.

We have presented temperature profiles obtained wit
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will become part of the measurement routine to ensure a high

quality of temperature profiling with the Esrange lidar. We
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