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Abstract. The Canadian Network for the Detection of Atmo- vapour measurements obtained offer the most detailed high
spheric Change and Environment Canada DIAL lidar locatedspatial-temporal resolution measurement set available for un-
at the Polar Environment Atmospheric Research Laboratornyderstanding this time of transition from the long polar night
(PEARL) in Eureka, Nunavut, has been upgraded to measuré&o polar day.
water vapour mixing ratio profiles. The lidar is capable of
measuring water vapour in the dry Arctic atmosphere up to
the tropopause region. Measurements were obtained in the
February to March polar sunrise during 2007, 2008 and 2009L  Introduction
as part of the Canadian Arctic ACE (Atmospheric Chem-
istry Experiment) Validation Campaign. Before such mea- There are many open questions with regard to water vapour’s
surements can be used to address important questions in urele in climate and weather. An area of high concern is wa-
derstanding dynamics and chemistry, the lidar measurementer vapour’s role in Earth’s radiative balance, including the
must be calibrated against an independent determination ofarious feedbacks involved, both positive (increases in long-
water vapour. Here, radiosonde measurements of relative hiwave absorption of solar radiation) and negative (increases in
midity have been used to empirically calibrate the lidar mea-water vapour leading to increases in cloud formation causing
surements. It was found that the calibration varied signifi-cooling due to albedo changes). These feedbacks give rise to
cantly between each year’s campaign. However, the calibraimportant yet unresolved questions related to water vapour
tion of the lidar during an individual polar sunrise campaign and its changes in response to a changing climate. Such ques-
agrees on average with the local radiosonde measurement®ns can be addressed with improved measurement capabil-
to better than 12 %. To independently validate the calibrationities such as those provided by the Canadian Network for the
of the lidar derived from the radiosondes, comparisons arddetection of Atmospheric Change (CANDAC) instrumen-
made between the calibrated lidar measurements and watdation situated at the Polar Environment Atmospheric Re-
vapour measurements from the ACE satellite-borne Fouriesearch Laboratory (PEARL) in Eureka, Nunavut (8O\2
Transform Spectrometer (ACE-FTS). The comparisons be86.4 W).
tween the lidar and satellite-borne spectrometer for both a The goal of this study is to determine a calibration for the
campaign average and single overpasses show favourabf@ANDAC—Environment Canada Stratospheric Differential
agreement between the two instruments and help validatébsorption Lidar (DIAL; henceforth the CEC Lidar) water
the lidar's calibration. The 39 nights of high-Arctic water vapour mixing ratio measurements by comparison to water
vapour measurements made by locally launched radiosondes.
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Details of the instrument are given in the next section. Thereflected off a flat steering mirror to ensure its vertical path
CEC Lidar must be calibrated to convert its photocount pro-to the atmosphere is aligned with the field-of-view of the
files into water vapor mixing ratio profiles. The procedure receiver.

and results of this calibration are presented in Sect. 3. In The receiver is a 1 m diameter Newtonian telescope. This
Sect. 4 comparisons are made to measurements from the Atelescope collects light backscattered from the atmosphere at
mospheric Chemistry Experiment Fourier Transform Spec-all wavelengths, including the 385 and 406 nm used for wa-
trometer (ACE-FTS). Trends in the water vapour mixing ra- ter vapour. A secondary mirror is used to direct light to the
tio during polar sunrise for 3 seasons of measurements ardetection system. Further details concerning the basic sys-
given in Sect. 5. tem and in particular its ozone measurement capabilities are

given byCarswell et al(1997).

2 The CEC Lidar 2.2 Data acquisition system

The PEARL at Eureka consists of three laboratories, two Ofpetgction of signals at th.e wavglengths of inte.rest requires
which are located near the weather station at sea level. Th Itering of the collected I|_ght. !_|ght_ in the requ_wgd wave-
third is the Ridge Laboratory, located 610 m above sea leve ength band is selected using dichroic beam-splitting mirrors,

about 18 km from the weather station. The CEC Lidar WasWh'.d.l refl_ect below a certa_ln Wavel_ength but a_IIow Fhe re-
. ; maining light to be transmitted. Using these dichroic mir-
installed there in 1992. it 1 ible t te the light into elast t

Polar sunrise occurs at Eureka in late February. Itis an ex—r?rgo'8 IS 2022'3 elo s(;—:par(lat et' € tlg |nt03§2as ch r§8térns
citing time to take measurements, as sunlight interacts witHf an M and Inelastic returns a an nm

the atmosphere for the first time after months of darkness.(from hitrogen Raman scattering), as well as 406 nm (from

Polar sunrise is a time of rapid variations in atmosphericWater vgpogr'r\"[ar?an sca’:}ﬁrlng% 'fl'he Il;ght p?sses t:lrougt]h
chemistry and dynamics resulting in significant changes jnarrow band interierence fiters betore being focussed onto
: . gne of five photomultiplier tubes. For the elastic channels a

opportunity to make coincident measurements with instru_mechamcal chopper and neutral density filters are used to

ments aboard the ACE satellite, which has good coverag@ttempt to keep the counting electronics linear over the re-

above Eureka at this time of year for its solar occultation quired count—rate.ra'nge. . :
measurements. The photomultiplier tubes are used in photon counting

The CEC Lidar was initially designed as a stratosphericmOde so they are capable of detecting the weak signals from

ozone DIAL. The lidar was then upgraded to include Raman]Ehe upp(tar atmosphlirﬁ ?S well ?.S the tfagnt Ra(ljmban signals
capabilities for measuring molecular nitrogen to help reduce rom water vapour. Fhoton counting 1S triggered by an op-
cal pickoff linked to the timing unit which gives a reference

the effect of aerosols on the ozone measurements. A diagrar?\ h outaoing | Ise. In th i it oul
of the systemis given iRal et al (1996, as well as a detailed or eac | ct)u _gokl)r_lg a??r p; je' t’? ¢ Cgliﬂ lngf unlf,_ ptéseis
description of the system. Recently, the capability of the lidar2ccumulate in bins of fixed duration (and therefore fixed al-
was enhanced again with the addition of a water vapour Raytm.je range from_ the lidar), aIIQW|ng for a vertical backscgt-
man channel. However, for useful scientific measurements O%er intensity profile to be obtained. For water vapour mix-

water vapour a calibration is necessary and will be developeén Y rI?tlo miﬁsuggr?]en:s,.thelt;est gombl?atlor: of Chan?ﬁ Is
in the next section. The CEC Lidar can only operate dyr-EsUting In the hignest signa-to-noise ratio retrns are the

ing darkness and at this time is not capable of measurement%B5 and 406 nm channels, which will be used in the subse-

when the Sun is near or above the horizon. This distinction isquent analysis.

. : ; Tests for signal-induced noise (SIN) on the Eureka system
important as night and day extend for several months durin . .
the solstice periods at Eureka. QNere performed bySteinbrech{(1994). His results showed

that at 308 nm the SIN is more important than any nonlin-
earities in the counting system. He also showed that SIN at
353 nm was small (but significant), and negligible at longer

The transmitter used for these measurements is a Lumonic¥avelengths. Since this study uses measurements at 385 and

EXCIMER-600 XeCl laser with an unstable resonator cav-4061m, SIN effects will be even smaller.

ity. The laser output is 100 mJ per pulse at 308 nm, and has a

divergence of 0.4 mrad. A second output wavelength is gen  ~gjibration from radiosonde measurements

erated by stimulated Raman Stokes scattering in a hydrogen

gas cell, converting a portion of the 308 nm beam to 353nm3.1  The water vapour retrieval

producing 10 mJ per pulse. The pulse repetition rate of the

laser is 300 Hz, with pulse lengths of 13 ns. The output bearmMelfi et al. (1969 showed that the ratio of the return from the
is expanded and re-collimated using a concave mirror reduc2 Raman channels at 385 and 406 nm is proportional to the
ing the divergence to 0.2 mrad. Finally, the output beam iswater vapour mixing ratio. The constant of proportionality

2.1 Transmitter and receiver
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in the ratio which are known. However, an external source
must be used to verify, and possibly correct, this initial value
of Cy.

which relates the water vapour mixing ratio(z), to the ratio
of the nitrogen §y,) and water vapour photocount$,o) is
given byWhiteman et al(1992 as

SH,0 3.2 Calibration

w(z) = Cy AY (20, 2) - S, 1)
2
o ) Calibration of lidar water vapour mixing ratios was per-

where the calibration constartt,,, is formed using 11 nights of measurements obtained during

kn,  onN, Mo BN, the 20_08 Canadiaq Arcti(; ACE_VaIidation_ Campaign, using
Cy = ko oo M Tiare 2 soundings from twice-daily radiosonde flights at 11:15 and

2 2 R 23:15 UT from the Eureka Weather Station.
and the ratio of atmospheric transmissions is
3.2.1 Pre-calibration considerations
AY (2o, 2) = 7 (AN, 20, 2) 3)
v K0 = T (AH, 20, 2) Measurements from the radiosondes launched at Eureka are

provided by Environment Canada. Both Vaisala RS92 and

The ratio of the transmissions is both height and wave-pggn model radiosondes were used during the campaigns.
length dependent. In order to estimate the transmission atth@o radiosonde relative humidity measurements are con-

two Raman wavelengths, the MODTRAN modéhderson  ereq to mixing ratios, using the radiosonde pressure and

et al, 1993 is used assuming clear-sky conditions. This yomnerature measurements and the empirical equation of
ratio is only weakly height dependent in clear-sky condi- jyjand and Wexle¢1983 to find the appropriate value of the
tions, particularly over the region of CEC Lidar water vapour ¢aration vapour pressure over ice. Fhdand and Wexler
measurements. (1983 model is considered a “best practice” model to use for

The calibration constant depends on several factors, iNggnyerting the radiosonde relative humidity measurements
cluding the ratio of the detector quantum efficiencigs the into mixing ratios Yomel et al, 2007).

ratio of the Raman cross sections) (and.the ratio of the Lidar measurements are generally taken from approxi-
molecular mass;f) of water vapour to nitrogen. The final 5461y 03:00 to 08:00UT, which brackets the radiosonde
term is the proportion of nitrogen in dry ainy,/ndry), @l-  flights. On some nights rapid variations in water vapour con-

lowing w(z) to be expressed as a mixing ratio by assumingient occur in the period between the 2 flights, making these
the ratio of nitrogen to oxygen in dry air is constant. The cali- yighs |ess desirable for calibration. However, it is these

bration constant is, however, not strictly constant with height,nightS with significant variations in water vapour that show

though it will be treated as such hereafter. The cross sectiorhow the lidar measurements can complement the routine ra-
term has a weak temperature dependence that, depending @fsonde flights.

the bandwidth and blocking of the water vapour interference A other important consideration for comparison with the

filter, can vary sufficiently with height to affect the retrieval
(Whiteman 2003. This height variation can be corrected for
by modelling combined with knowledge of the nightly tem-
perature profile (say from a radiosonde) or by an empirical

correction. For the CEC Lidar measurements the latter op-

tion is necessary.

sondes is that the lidar takes measurements directly overhead
at a fixed location, averaged every 10 min and 150 m in al-
titude, while the radiosonde takes measurements every few
seconds as it drifts with the winds. On a given day the balloon
may or may not remain in the same air mass as the lidar mea-
surements. This difference is taken into consideration when

The mostimportant height-dependent corrections that mayje jging which radiosonde profiles should be included in the

need to be applied to the raw photocount profiles at the loW-4ibration.

est altitudes are corrections for phototube nonlinearity (e.g.

pulse pile-up) and incomplete geometric overlap of the trans3.2.2  Determination of the system correction and

mitted and received beam. At higher altitudes SIN can be calibration constant

an issue (as discussed previously). Ideally one tries to mea-

sure these effects to correct the raw measurements. Howeverhe calibration was undertaken using nights when the

due to the limited time available on site during the observingweather was relatively stable, and the individual radioson-

campaigns (about 3 weeks per year) a careful evaluation ofles were consistent between both soundings. The calibration

these effects was not possible, so it was decided instead to usmsed on measurements from the 2008 Canadian Arctic ACE

an empirical correction using the radiosonde measurementgalidation Campaign uses 8 nights of lidar measurements,

of relative humidity, as will be discussed in detail below. with 3 nights not included in the calibration due to large
After the atmospheric transmission correction term is ap-changes in water vapour between the two radiosonde flights.

plied to the measurements, the calibration const@gt,can A least-squares procedure is used to find a calibration

be determined. An approximation of this calibration constantconstant that improves the agreement between the radioson-

is applied to the measurements by including those parameterides and the lidar measurements. The calibration constant is

www.atmos-meas-tech.net/6/741/2013/ Atmos. Meas. Tech., 6, 7249-2013
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Fig. 1. Ratio of the water vapour mixing ratio for the lidar to the o 02 o024 o6 os 20 0 20 40 60
radiosonde for the 2008 season at low altitudes. The uncorrected Mass Mixing Ratio (g/kg) Percent Difference (%)

lidar mixing ratios are 2 to 5 times larger than the radiosonde mixing ) _ _
ratios at the lowest 3 range bins. These differences are due primarilfig. 2. Comparison of the average 2008 lidar (black) and radiosonde

to detector system nonlinearities and incomplete geometric overlap(green) measurements. An exponential correction has been applied
to the lidar measurements below 1.7 km. The horizontal bars are the

RMS deviations of the measurements.
found by minimizing the sum of the square of the difference
between the radiosonde and lidar water vapour mixing ra- . -
tio from 0.94km to the height where the temperature firstOVerlap effect at the lowest altltqdes_. To emp|r|gally aCCO“.”‘
reaches—50°C. At temperatures below this threshold, the for these effects, an expongntlal fit to Fhe ratio of t.he li-
humidity sensors aboard some radiosondes are known to eflar signal to the radiosonde is used to find a correct|0n_be-
hibit significant hysteresis effectgade 1994. For this cal- fween 0.94 to 1.69km (the lowest 6 range bins). Following

ibration, such threshold temperatures typically occurred alth's correction, agreement with the radiosondes is much im-

altitudes between 5.6 and 8.0 km, where the statistical uncerproved’ now shoyving only smgll differences (less than 10 %)
tainty of the lidar measurements starts to become large. between .the radiosonde and lidar below 4 km.(E)gJ.—|ow-
The minimization to find the fitting factor is ever, a disagreement between the data sets is evident above

this altitude.
] ) A correction is also required above 4 km. The high-altitude
(Sonde — (C,, - Lidar;)) (4)  height dependence is not thought to be due to SIN (as previ-
ously discussed). Factors which can cause a height depen-
over the specified height range. The calibration constant iglence include the transmission ratios and temperature ef-
then applied to all nights available. Correcting the measurefects. Few measurements of aerosol loading at high latitude
ments with this procedure gives excellent agreement in theare incorporated into MODTRAN, though these differences
1.7 to 4.0 km region, but not outside this range where heighghould be small in clear-sky conditions. The transmission ra-
dependent differences between the lidar and the sondes b&0s assumed are thought to be good to better than a factor

min =

n

i=1

come large. of 2. Drift in the water vapour filter with time may account
for some of this height-dependent correction, as atmospheric
3.2.3 Height dependent system corrections temperature can change with height in this region. We plan

to bring the filter back south for testing at the next oppor-
For a properly calibrated lidar, the calibration constant diS'tunity. The most likely problem appears to be misalignment
cussed in the last section should be independent of heighif the transmitter and receiver and/or interference from the
over the entire range of useful measurements. Our first atmechanical chopper causing the spot size from the higher al-
tempt at findingC,, showed that the deviations from the ra- tjtudes to not be fully imaged on the phototube. To account
diosondes at the lowest and greatest altitudes have a heigldr these and possible other variations a correction is deter-
dependence; thus, system corrections are required at the lownined by fitting a straight line to the ratio of the lidar and ra-
est and greatest heights. diosonde measurements up to 6 km. The straight line fit (de-

The nitrogen channel was thought to be linear when in-termined separately for each year, see Tapteas regression

stalled. It was found after analysis of these measurementgpefficients greater than 0.98. With the high-altitude calibra-
that this was not the case. Figuteshows the ratio of the li-  tjon factor included, the lidar returns now show much better

dar water vapour mixing ratio to the radiosonde water vapouragreement with the radiosondes, with minimal bias.
mixing ratio below 1.7 km. Furthermore, there is a geometric

Atmos. Meas. Tech., 6, 741749, 2013 www.atmos-meas-tech.net/6/741/2013/
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Table 1. System corrections and calibration constants for the 2007 6r
to 2009 Canadian Arctic ACE Validation Campaign. 551
Year  Altitude (km) Instrumental correction  Calibration °
constant 45r
2007 0.94<z<1.69 0.94+200x 10~46 7.2 A
1.69<z7<5.88 No correction required eﬁE, 35¢
[0}
2008 0.94<z <169 0.95}604x 105 8.1 2 sf
1.69<z<4.53 No correction required < 251
453<7<5.88 0.65-1.92
ol
2009 094 z<1.69 1.0+24x10°3% 7.4 sl
1.69<7<3.93 No correction required '
3.93<7<5.88 0.9%-0.55 1r
05 L L L L L L L L L J
100 -80 -60 -40 -20 0 20 40 60 80 100
6 6 Percent Difference (%)
5.57 5.57 Fig. 4. Percent difference between the nightly averaged lidar mea-
5t 5t surements minus the radiosonde measurements (coloured lines).
i) . The squares show the average of the individual nights. On average
N ® the differences between the two instruments is small. On individual
— 4 — A4 nights, above 1.5 km altitude individual nights can vary as much as
g a5l g 35 40 % from the average values.
' '
e 29
< 25} < 25} conditions to change from year to year, as the instrument is

ol mothballed between the polar sunrise measurement periods.
The major factors influencing the calibration at the lowest

151 151 . . . .. . .
heights are any counting nonlinearities in the nitrogen chan-
i i nel and any geometric overlap corrections due to alignment.
05k : : : : 05 — The significant variations of the corrections at the lowest
0 02 04 06 08 -20 -10 O 10 20 30 . . .
Mass Mixing Ratio (g/kg) Percent Difference (%) heights from season to season are primarily due to changes

in the system’s alignment.
Fig. 3. Comparison of the average 2008 lidar (black) and radiosonde
(green) measurements. A linear correction has been applied to th8.3 Annual calibrations
lidar measurements above 4 km, in addition to the low altitude cor-
rection shown in Fig2. The horizontal bars are the RMS deviations Constant corrections are determined for 2007 and 2009 us-
of the measurements. The lidar calibration agrees to within 10 % ofmg the same procedures as for 2008, i.e. a subset of nights
the radiosondes with little bias evident. chosen each year which showed relatively clear-sky nights
and consistent radiosonde measurements. The system cor-
rection and calibration constant for each year are given in

The least-squares procedure is then p?rfor.m.ed on th":I'ablel. The system correction and calibration constant are
system-corrected measurements to find a final fitting factorsimilar in shape with a significant difference in magnitude
using measurements over the entire altitude range. The rey '

. : _ Trends in the water vapour mixing ratio during polar sun-
sult of th'sf procedure gives,, - 8.1 (Tablel)_. The average rise were calculated for the 3 periods available (Big.The
percent difference between lidar and radiosonde measures o Lsed in the averages are shown in TabRelow 4 km
ments is about 5.2 % with small bias (Fig). Agreement 9 g

. the largest variability in water vapour mixing ratio was in
©007. In 2009 the variability is smaller at the lowest heights

less than 10%. The nightly averaged differences between
the radiosonde and lidar for individual nights in 2008 using but larger above 4 km compared to 2007 and 2008. One can

: ) . L speculate that the large variability seen between years is re-
the systematic corrections and final calibration constant are h i the | . £1h | ;
shown in Fig4. ated to changes in the location of the polar vortex from year

L to year. We are in the process of investigating this possible
Cahpranon factors were then found for the 2007 and 2.Oogconnection, using a detailed meteorological analysis of the
campaigns in the same manner as for 2008. The calibrag 0\ oo qvno e
tion factors in 2007 and 2009 are significantly different from y y y '
2008, and from each other. This result is not unexpected

due to the potential for system parameters and atmospheric

www.atmos-meas-tech.net/6/741/2013/ Atmos. Meas. Tech., 6, 7249-2013
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6 : : : : : : : : Table 2. Lidar measurements used in this study.
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Fig. 5. Yearly variability of water vapour mixing ratio during polar 20
sunrise (February to March) for 2007 (red), 2008 (blue) and 2009 21 0 o
(green). The horizontal bars are the root mean square deviation of 22 o) o
the measurement average for the measurement period. The water 23 0 o
vapour variability was considerably larger in 2007 compared to the 24 o) o
other two years. 25 X o
26
27 o]
4 Comparisons with the ACE-FTS gg 0
0
The ACE mission aboard the Canadian SCISAT-1 satellite March 2007 2008 2009
has been in orbit since August 2003. ACE is comprised of 1 o 5 5
two principal instruments, the ACE-FTS and Measurements 5 o o
of Aerosol Extinction in the Stratosphere and Troposphere 3 o o
Retrieved by Occultation (MAESTRO), which together mea- 4 o o
sure many molecular species of interest in the atmosphere. 5 o
Both instruments make measurements using a solar occul- 6 0 )

tation method, whereby a reference measurement is taken ) —
An “o” for a given date indicates measurements

looking directly at the Sun, then a measurement is taken are included in the averages. An “x” indicates
looking at the Sun through the atmospheBernath et al. ;*;i‘OTES;.%ZEn’“tz"L}ng?;r‘.’;;?ﬁydjj‘é g;“wefe
(2005 give an overview of the ACE-FTS instrument, while deteriorating weather over the night) to use in

Boone et al(2005 give a detailed description of the analysis the average.
of the ACE-FTS measurements.

The ACE-FTS measurements have a different viewing ge- . . . . .
ometry and height resolution than the lidar measurementsthe em_pmcally determined corrections and calibration of the
For this comparison the lidar measurements have been co(—:EC Lidar.
added in height to more closely match the vertical resolution
of ACE-FTS (approximately 3 to 4 km). The best set of co- 5 gpatial-temporal coverage of the CEC Lidar
incident ACE measurements with the CEC Lidar was during
the 2008 campaign, where 4 sets of coincidences were availf the CEC Lidar could only take nightly averaged profiles,
able (Fig.6). The error bars used for the ACE-FTS and lidar it would not complement the twice-daily radiosonde flights.
profiles are the RMS deviations associated with the campaigMowever, even at high latitudes during the polar sunrise pe-
averages (which are much greater than the statistical unceriod, the tropospheric water vapour can be highly variable on
tainties). Though the region of overlap between the measurea time scale much shorter than the 12 h between radiosonde
ments is limited, the continuity between the independentlyflights. To demonstrate these differences, consider the wa-
calibrated instruments is encouraging. ter vapour mixing ratio on two nights, shown at a spatial

Figure 7 shows an example of a comparison with a sin- resolution of 150 m and a temporal resolution of 10 min in
gle ACE-FTS overpass. For the four coincidences, the lidarFigs. 8 and9. The upper altitude limit of the contours is set
mixing ratios are within 20% or less of the ACE-FTS re- at the height where statistical uncertainty for an individual
trievals. Since the ACE-FTS measurements are independemén-minute profile first reaches 10 %.
of the radiosondes, this comparison gives us confidence in

Atmos. Meas. Tech., 6, 741749, 2013 www.atmos-meas-tech.net/6/741/2013/
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Fig. 8. Contour plot at a spatial resolution of 150 m and a temporal

Fig. 6. Comparison of water vapour mixing ratio measurements resolution of 10 min for measurements on the night of 28 Febru-
made by the CEC Lidar (black) and ACE-FTS (magenta) in 2008.ary 2008. This night was chosen as an example of a period of rela-
The ACE-FTS profile is the average of all measurements withintively small changes in water vapour mixing ratio compared to most
200km (measured from the 30 km point of the ACE-FTS occul- of the other 39 nights available. However, even on this night the wa-
tation and the CEC Lidar) made during the Canadian Arctic ACE ter vapour increases 25 to 50 % above 3 km altitude.

Validation Campaign period. The lidar profile is the average of the

coincident nights. The horizontal bars indicate the RMS deviation

of the average. 4
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+ Fig. 9. Contour plot at a spatial resolution of 150 m and a temporal

0 ‘ ‘ ‘ ‘ ‘ resolution of 10 min for measurements on the night of 18 Febru-
0 100 200 300 400 500 600 . . . .

Volume Mixing Ratio (ppmv) ary 2007. This night was chosen as an example of a period with a

rapid increase in the water vapour mixing ratio after 04:00 UT.
Fig. 7. Comparison of water vapour mixing ratio measurements

made by the CEC Lidar (black) and ACE-FTS (magenta). The li-

dar profile is the average from 03:40 to 08:50 UT on the night of miss features like this. Hence, having the radiosondes and

28 February 2008. The ACE-FTS profile is for measurements takenjgar measurements agree when the changes over 12h are

at 20:40 UT near Eureka on 27 February 2008. small does not mean the lidar measurements are not of value:
rather it means the lidar measurements can be used to track
rapid changes, such as those shown in Bjghat could oc-

On 28 February 2008 there is very little change of water cyr petween radiosonde flights. Of the 39 nights available for
vapour over the nlght, so the RMS variation of the individual this study on|y about 25 % of them were similar to 28 Febru-

prOﬁleS is small relative to most of the other 39 n|ght3 of ary 2008. On most n|ghts there were signiﬁcant Changes in
measurements. However, even on this night the water vapouhe tropospheric water vapour with time.

above 3 km altitude increases 25 to 50 % over 2 h.

An example of a night with higher variability is 18 Febru-
ary 2007. On 18 February 2007 the water vapour mixing ratio
almost doubles in a period of only about 30 min in a region
less than about 1 km thickness. Note this region of enhanced
water vapour becomes narrower in vertical extent by the end
of measurements. Routine radiosonde measurements could
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