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In July 2009 the FGAM pulsed Doppler lidar was resped by the Chemical Sciences division of NOAA,
Boulder USA, for a proof of concept study flight fdual ozone lidar and Doppler lidar measurement
campaign. The aim of the study was to test the slygtem’s capability to investigate pollution trpog over
the Boulder region.

FGAM Halo Doppler Lidar

The FGAM lidar was couriered over to Boulder on 268 July and measured up for fitting into a restragnin
structure for installation on the NOAA twin Ottaraaft, SN 740.

During the first week in the USA the FGAM lidar wdsployed along side the NOAA HRDL (High Resolution
Doppler Lidar) Doppler lidar for direct comparisohthe Doppler measurements. The NOAA HURDLE lidar
is mounted in a shipping container and normallyi@ygd on one of the NOAA ships. These comparisda da
were very good showing exceedingly high correlaionmeasurements of turbulent eddies. Duringvileisk

the aircraft mounting jig was made and safety fieation procedure was started.

view looking down and right from rear left side stairs.

represents rear seat rail

represents left side seat rail
Lidar mounting jig

The lidar mounting jig was designed to make use bble in the base of the aircraft that was usethéy
NOAA TOPAZ Ozone lidar. The antenna cylinder wasstket to point at a 30 degree angle from vertioal
perpendicular to the direction of travel. The lidasunting jig fixed the lidar base unit on its slikcause of



the space restrictions on the NOAA Twin Otter aftrThe safety load factors for the lidar and ntowgjig
once fixed within the aircraft for ground, flighh&noeuvre and gust) and emergency landing conditiare:
Forward: 9.0g, Downward: 6.6g, Side: 1.5g. Therlalad mounting jig passed the safety certification
procedure.

Lidar Mounted in Twin Otter

The FGAM lidar was mounted alongside the NOAA Ozbaar as shown in the figure above. The photo
below shows the view from underneath the aircratt the antenna aperture of the Ozone lidar orefteind
the FGAM lidar on the right.

TOPAZ Ozone lidar antenna aperture (left) and FGAMIidar (right).

During the second week in Boulder, 9 hours of fiigime was available in the Twin Otter. Unforturigtine
weather did not cooperate and the forecast fowtek was very bad with storm showers developingtmos
afternoons. Two early morning flights were howesenducted although ozone levels were obviously gy



Twin Otter taxi-ing before take-off.

The first flight was aimed to be purely a testled FGAM Halo lidar. The lidar had been set up aswsh
previously near the rear of the cabin and cablerestbns had to be used for the USB connections fihentidar
to the controlling laptop. Total aerosol amounthea atmosphere was expected to be quite low dtieto
persistent rainy conditions.

Flight path of the first flight showing latitude and longitude with altitude in colour.

The first flight took approximately 1 %2 hours aheé FGAM Halo lidar behaved very well with almost no
problems with lidar stability or data retrieval.lBe& are shown the first 20 minutes of the fligtg,the Twin
Otter was flying over the region of the Rockies.

Lidar Backscatter for the first 20 minutes. ‘Heigtiordinate shows distance below the aircraft. aineraft
height is at ‘Height’ zero and has not yet beemeztied for aircraft altitude. The large signal bedw 1500m —



2500m is the ground return. During the flight tldaf beam focus was adjusted to maximize the sigtatn,
so the large values of backscatter between 40@-#8% due to the focusing of the beam.

Lidar Doppler velocity for first 20 minutes of flig. The data has not yet been corrected and thendro
velocity is due to any roll, tilt or yaw of the aiaft. The positive velocities in the early partlod flight are
when the lidar beam is pointed roughly away fromrtiain wind direction. The switch at 14:55 UTC wd®en
the aircraft direction changed to due east.

Later in the first trial flight several integratidimes and range gate lengths were used to tryatamize the
available data. Problems were also found with tB8Wbiub extension cable that was used. During stenkf
hour of the flight a small number ‘drop outs’ wemcountered with the data processing. AlthougHidlae
behaviour appeared to be good, the data processerged to be missing pulses.

The second flight was again setting out early magriook approximately 3 %2 hours. The USB hub tlzat h

been creating problems with the laptop / lidar camioations had been removed and lidar settinggéaate
length/integration time) had been tweeked.

A flight path shown above was chosen to overpa#is tawntown Denver and several power plant sitethéu
to the east.

Backscatter data for entire second flight:



Velocity data from entire flight:



Data from the second flight shown above showsdtithbugh the aerosol concentrations were relatileely
(the air was clean due the constant rain) the bdhfairly very well at measuring signal to thegnd. Some
drop out of the data due to low signal was seergosve the early morning mixed layer. (Flight s#t7am
local time). The depth of the mixed layer is weldnked between 15:15 and 15:35 UTC (8:15 and 8:35 LT
with a small loss of the signal directly above.mr6:02 — 16:23 UTC the aircraft descended to appAO0OmM
agl, to make measurements over the power planteteast of the Denver region. During this timedysignal
return was seen all the way to the ground. Asenpireviously flight from approx 1 %2 hours into thight (at
approx 15:43 UTC) the data processing again staotetss short segments. This got slightly wors&Za$5 as
shown above. The reason for these drop outs isamrkmlthough the second long drop out at 16:15dugsto
the power cable being removed from the laptop.a$ wresumed at this point that some power interéeré RF
interference was causing a drop out or inconsigtenthe power supply to the lidar. This behavibas never
been seen or repeated with the lidar when basdideoground, although why it should have happendy on
after significant time in the air is unknown. Tlaar does take 240/ 50 Hz power input and was dutie
flight using a transformer although this should imotself produce a problem. Guy Pearson suspetdrical
interference is the culprit and this could be dughe other bits of kit on the aircraft. Also itoshd also be
noted that there was a big hole in the bottom efdincraft and the cabin was unpressurized. Althaane of
the hole was taped up a significant amount ofa@ine in around the lidar antenna and the lidarfitgas
blasted by this cold air. The internal cooling memkm within the lidar did not actually come onatinghout
the flights and the drop outs in the data mighspng be caused by too cold conditions. For fufilights some
time of thermal insulation would be required.

On the whole the deployment of the FGAM Halo lidarthe NOAA Twin Otter was a huge success with the
lidar surviving the vibrations of take off and lamgl and taking very good measurements in what fargom
ideal conditions.

Just to note that Mike Hardesty has put in an elddrabstract on the Twin Otter deployment to ffe 8
International symposium on Tropospheric profilimgnich will take place 18-230ctober in Delft. This paper
describes both the NOAA TOPAZ lidar and the NOAADBIRlidar and shows some data from the ground
based Doppler comparison.

I would like to thank Mike Hardesty and his reséagecoup in the Chemical Science Division at NOAAa
Brewer, Sara Tucker, Christoph Senff, Anne WeickmaRaul Alvarez Il, that all worked hard to makést
deployment a success.



