AFLUX Flight 04 – Polar 5 – 23 03 2019
Mission PI: Dmitry Chechin
Objectives:
1) to sample cloud microphysics and fluxes in the boundary layer and/or in the low-level
clouds over sea ice;
2) to study cold air-mass and boundary layer evolution and cloud structure over open
water during an off-ice flow by means of remote sensing and dropsondes.
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Overview
The main goal was to perform two staircase patterns over the sea ice with legs below, in and
above the low-level clouds. We expected to sample the airmass which was originally warm
and moist when it entered the Arctic several days before the flight. We expected that this
airmass was experiencing a transformation process: cooling and losing moisture. To that aim,
two staircase patterns were planned over sea ice: I) the eastern pattern at 81.2N 8.5E and II)
the western pattern at 81.2N 2.5E. For each pattern, 6 horizontal legs were planned starting
from the height 200ft, with two legs below clouds, three legs in clouds and one leg above
clouds. Each leg was planned to be 10NM long and to be flown at 100kn. The transition leg
between the two staircase patterns was planned at 200ft (which did not work out).
The second goal was to investigate the evolution of this airmass and cloud structure over
the marginal sea ice zone and open water over the Fram Strait during the off-ice flow
(northerly wind) using the downward looking remote sensing instruments and dropsondes.
This task was scheduled for the second north-south part of the flight. The height of the flight
for this mission was 10,000ft. This north-south part of the flight was along the wind with two

cross-wind legs, 10NM each. Six dropsondes were planned along the north-south direction
with about 30NM distance between each.
In general, the flight was executed as planned with minor modifications.
During the first (eastern) staircase pattern the sensors got a lot of icing. Licor was the first
one who stopped working (no steady flow through the tubes). Then the cloud probes had
problems (CIP and 2DS). Thus, after the staircase pattern we spent some time above the
low-level clouds in the sun to get rid of icing. This is also why we did not do the transition leg
between the two staircases at 200 ft as we planned. Instead, we flew it at 4000ft above the
clouds and then descended to 200 ft shortly before the second staircase.
Weather (predicted and observed during the flight)
The measurement region was in the northerly air flow in the western sector of a cyclone,
whose center was located to the east of Svalbard. So, the off-ice flow was taking place over
the Fram Strait. However, this cold-air outbreak was not advecting a cold and dry Arctic
airmass, but a warmer and moister airmass which was advected in the Arctic from the southwest several days earlier. We observed a cold boundary layer over sea ice with temperatures
of about -17oC, over which was a warmer (-10oC) and moister air. Thus, both temperature
and humidity inversions capping the boundary layer were present.
The low-level clouds were present both over sea ice and open water. Over sea ice there
were some visible patches of thin mid-level clouds, but they were not present directly over
the measurement region. The low-level clouds over sea ice had a complex structure. In some
regions, across the flight track at 81.2oN the low-level clouds consisted of two layers. The
lowest layer was almost touching the ground. At 200ft we measured some round particles
and it was foggy with reduced visibility. The top of the lowest layer was at about 1500ft-2000ft
altitude. The second layer was located roughly at about 2400-3000 ft.
Over the open water there was a single low-level stratocumulus layer located in the upper
portion of the convective boundary layer. The cloud top height was increasing with distance
from the ice edge according to the radar. The cloud top morphology was clearly different than
over the sea ice. It reflected stronger convective motions. Contrary to expectations, cloud
streets or rolls were hard to identify. They were better visible over the marginal sea ice zone
than over the open water.
Flight pattern

Figure 1. The actual flight track overlaid over the MODIS true-color image.

Figure 2. The planned flight track. S1e-S1w and S2e-S2w are the staircase pattern legs. D1D6 are the planned dropsondes.

Fig.3 Schematic representation of the planned staircase pattern.

Sea ice conditions

Fig.4. Broken sea ice at the staircase S1e-S1w (eastern) position. Photo from 200ft height,
below clouds.

Fig. 5. More transparent clouds and a lead, as we approach to the second staircase (S2eS2w, western) at 200ft.

Fig. 6. Convective stratocumulus over open water on the way south. Photo taken from
10,000ft altitude.

Detailed Flight Logs
11:28UTC take-off. Noticeable turbulence over the fjord. Ascent to 10,000ft. Patchy clouds
over the fjord with the cloud bottom height at about 1000ft.
LYR → W0: On the way to Ny Alesund at 10000ft, to the west over open water one can
clearly see the single layer stratocumulus.
W0: no clouds right below us, open water, but there is a solid stratocumuls layer around us,
at 12:01 we don't see any rolls around us
W0 → W1: The low-level stratocumulus below us, with cloud top at about 1km, rather thick,
with showers; there are no mid-level clouds across the track, but one can see them to the
north-east.
12:25 One can see the ice floes through the holes in the cloud deck. We are crossing the
marginal sea ice zone.
12:28 We start the descent to 200ft. At 5000ft there is either a pollution layer or some
remains of the mid-level clouds. At 1800ft we cross the cloud top. As we do this, the pilots
notice a change in the wind speed and direction. 450 ft is the cloud bottom but at 200ft the
visibility is low.

On the approach to W1 the sea ice is broken and consists of small floes and open leads of
different size. One can clearly feel more turbulence over leads. The air temperature is about
-17oC.
Staircase pattern 1 (eastern)
This staircase pattern was flown between the waypoints S1W and S1E with W1 in the
middle.
Before the pattern started we flew W1 to S1W at 200ft in the opposite direction to the first leg
S1W – W1 – S1E. This was done for the 5-hole probe beta calibration.
Level 1 at 200ft: it is foggy, there is a large lead downwind (unfortunately) from us; there are
many small open leads across the track; large ridges are seen on small ice floes.
Level 2 at 400ft: it seems that this is the cloud-bottom height, but it was already foggy below.
At the location of W1 the sea ice consists of small floes and small leads;
Level 3 at 800ft: in the cloud, but there is some diffuse sun light penetrating to this height (it
is less grey and gloomy); it is turbulent; we get more icing and at 13:16 the steady flow
through the tubing of Licor is down.
Level 4 at 1200ft: We are in the cloud, but there is more sunlight and one can see the blue
sky above, however, this is not along the whole track; the direction and speed of wind are
more variable, as the pilots report.
Level 5 at 1500ft: in the cloud
Level 6 at 2000ft: flying half-leg in between cloud layers, then, due to accumulated icing we
ascended to 4000ft above the clouds, where the leg was finished
After the staircase we did some maneuvers at 4000 ft in the sun to get rid of icing and then
set to S2E at 4000ft. We descended at 200ft only already close to S1E, so that we coould
spend more time in the sun above the clouds on the transition way to the second staircase.
The cloud probes started working again. During the descent the cloud top was at 2000ft and
the cloud base – at 1000ft.
Staircase pattern 2 (western)
Level 1 at 200ft: The whole leg is over one thick multilayer ice floe (see Fig 1). The cloud
bottom is hard to identify because it is foggy already at 200ft. But the cloud seems more
transparent and optically thin, as compared to the eastern staircase.
Level 2 at 400ft: in the cloud, nothing special
Level 3 at 800ft: a turn at S2E is over a lead, one can feel turbulence. This leg seems to be
close to the cloud top of the lower-level cloud, but there is another layer above
Level 4 at 1200ft: the leg is in the cloud. CIP starts to have problems due to icing, so it is
decided to skip the next “cloud” leg and go to the “above cloud” leg.
Level 5 at 2400ft: half leg is flown below the mid-level cloud, which high above us. Half of
leg 5 is repeated in the opposite direction for the beta calibration of the 5-hole probe. From
above the clouds one can see leads through the clouds, so they are optically thin.

On the way from W2 to W3 we fly in the north-south direction, ascent to 10000ft and release
two dropsondes over the marginal sea ice zone. Some rolls are visible over the marginal sea
ice zone.
The west-east leg W3-W4 is right above the transition between the clouds over the MIZ,
where the rolls were visible, to a more convective and thick deck of stratocumulus over the
open water. However, no rolls are visible over the open water.
We try release dropsondes on the way W4-W5 but not all of them work.
The east-west leg W5-W6 we fly in both directions for the beta calibration of the five hole
probe.
At W7 the dropsonde did notwork, so we did two temps reaching 200ft altitude while flying in
the direction of LYR. The cloud top was at about 4000ft and the cloud base was at about
2000ft but we only penetrated through one small cloud.
Sea ice conditions
Small broken floes below the eastern staircase and one large thick floe below the western
staircase.

Instrument Status:
Polar 5
Basis data acquisition
Nose Boom
MiRAC
AMALi
SMART
Eagle/Hawk
Cloud probes
Drop Sondes

Three of eight dropsondes didn't work. The signal from them was quickly lost.
CIP and 2DS had some problems due to icing in the upper legs of the eastern staircase
(S1E-S1W), but it was for a short time and deicing maneuvers helped.
Licor quickly stopped working during the eastern staircase (S1E-S1W), but later recovered
and probably worked well during the second staircase.

Quicklooks:

Q1. Noseboom and basic meteorology

Q2. 2D-S Quicklook from LAMP

Q3. PN Quicklook from LAMP.

Q4. Dropsonde quicklook

Q5. Amali quicklook

Q6. DLR cloud probes quicklook

