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Abstract

The aircraft-based experiment KABEG'97 (Katabatic wind and boundary layer front
experiment around Greenland) was performed in April/May 1997. The experimental
investigations comprised the katabatic wind system over Greenland and measurements of
boundary layer fronts (BLFs) over the Davis Strait. Both phenomena are important for the
understanding of the climate of the Arctic and the Antarctic.

The research aircraft POLLAR2 owned by the Alfred-Wegener-Institut (AWI) was based at
Kangerlussuaq. During the experiment, surface stations were installed at five positions on
the ice sheet and in the tundra. The GPS navigated aircraft was instrumented with the tur-
bulence measuring device "METEOPOD", allowing high-resolution measurements and the
determination of turbulent momentum, sensible and latent heat fluxes. In addition,
downward and upward solar and terrestrial radiation and surface temperature were mea-
sured; a high-resolution laser altimeter registered surface roughness structures. The GPS
dropsonde facility of the aircraft was used for the BLF program over ocean.

A total of 13 flights have been performed, three of them were BLF flights. The BLF flights
took place during cold air outbreaks over the Davies Strait under conditions of low-level
flow parallel to the sea ice edge wind speeds of about 20 m/s. The katabatic wind flights
were performed during quite different synoptic situations and surface conditions, and low-
level jets with wind speeds up to 25 m/s were measured under strong synoptic forcing of
the katabatic wind system.
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1. Introduction

1. Introduction
1.1 Goals

The aircraft-based experiment KABEG'97 (Katabatic wind and boundary layer front
experiment around Greenland) was performed in April/May 1997 in the area of southern
Greenland. The experimental investigations comprised the katabatic wind system over
Greenland and measurements of boundary layer fronts (BLFs) over the Davis Strait. Both
phenomena are important for the understanding of the climate of the Arctic and the Ant-
arctic. The main goals of KABEG are as follows:

(A) "The katabatic wind system near Greenland"

@ development of the katabatic flow under high pressure conditions;

@ channeling of the katabatic flow and synoptic forcing;

@ modification of the katabatic flow in the transition zones ice/ocean and ice/tundra.

(B) "Boundary layer studies near the sea ice edge'
@ development and structures of BLFs at the sea ice edge under conditions of a flow
parallel to the sea ice front.

1.2 Participating institutions and participants, acknowledgments

KABEG was an experiment of the Meteorologisches Institut der Universitit Bonn (MIUB)
in cooperation with the Alfred-Wegener-Institut (AWI). My thanks go to C. Kottmeier, J.
Hartmann and W. Cohrs (AWTI) for their help during the pre-experiment phase. The air-
craft POLAR?2 was operated by the Deutsches Zentrum fiir Luft- und Raumfahrt (DLR),
the logistics of the aircraft mission was organized by H. Finkenzeller (DLR). My thanks
go also to Aerodata, which was responsible for the operation of the POLAR2 measurement
systemni.

The KABEG team at Greenland consisted of R. Henrici, H. Hettinger and H. Christen (all
three from DLR), P. Wachs, E. Schmidt (both from Aerodata) and C. Drile and G.
Heinemann (both from MIUB). Without the experience and skill of all in the team the qua-
lity of the KABEG data set would have been significantly reduced. The author is also
grateful to the DMI (Copenhagen and Kangerlussuaq) and the Institute of Marine and
Atmospheric Research University Utrecht IMAU) for support. The assistance from
Greenlandair and Air Traffic Control at Kangerlussuaq is acknowledged. Thanks go also
to all people at MIUB, who helped in the preparation and organization of KABEG.

The KABEG data set is completed by various data sources. Additional AWS data useful
for KABEG has been provided by the University of Colorado and IMAU. Infrared and vi-
sible satellite imagery was acquired from the Satellite Active Archive of NOAA/NESDIS,
and high-resolution HRPT data from the Canadian Weather Service. SSM/I data were pro-
vided by the Global Hydrology Resource Center (GHRC) at the Global Hydrology and
Climate Center (Huntsville, Alabama, USA), ERS data were made available by IFREMER
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1. Introduction

(Brest, France). KABEG is supported by the German Federal Ministery of Education,
Science, Research andTechnology under grant BMBF-03PL0O20F, the aircraft program was
funded by AWL

1.3 Time schedule of KABEG

Pre-experiment phase:

8-10 October 1996: planning meeting and testflights with the POLLAR?2 at Braunschweig
28 December 1996: application for the experiment at the Danish Polar Centre

24 February 1997: planning meeting at Braunschweig

10 March 1997: test of the laseraltimeter data logging

25 March 1997: planning meeting and final testflights with the POLAR?2 at Braunschweig
until 2 April 1997: preparation and packing of material and instruments

2 April 1997: transportation of all material and instruments to Greenland

Experiment (9 April to 20 May 1997)

9 to 10 April: installation of an energy balance station with profile measurements and a
sonic anemometer near Kangerlussuaq (station S)

12 April: installation of the stations Al, A2 and A3! on the inland ice, transport by a
Hughes 500 helicopter

15 April: flight BLF1?

16 April: installation of the station A4 on the inland ice, transport by a AS350 helicopter
18 April: flight KA1

19 April: flight BLF2

21 April: flight KA2

22 April: flight KA3

24 April: flight BLF3

29 April: flight KA4

30 April: inspection and data backup at the stations Al-A4, transport by a Hughes 500
helicopter

2 May: flight KAS

11 May: flights KA6 and KA7

13 May: flight KAS8

14 May: flight KA9

15 May: dismount of the station S

17 May: dismount of the stations A1-A4, transport by a Bell UH1D helicopter

18 to 19 May: packing of material and instruments, transport to Germany

post-experimental phase:
12 June: de-briefing of KABEG at Bonn

1 see Section 3

2 BLF = boundary layer front flight mission
KA = katabatic wind flight mission
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2. Scientific background

2. Scientific background
2.1 Katabatic wind

The katabatic wind system represents a key factor for the near-surface wind field over the
large ice sheets of the Antarctic and Greenland. It is particularly essential for the exchange
of energy and momentum between atmosphere and the underlying surface. Considering
the large area of the Antarctic continent (about 14x10° km?, including ice shelf surfaces),
this topographically induced wind system plays an important role in the global energy and
momentum budget. But also over Greenland, which is much smaller than the Antarctic
continent, the katabatic-driven near-surface wind regime plays an important role in
questions of the mass balance of the ice sheet. The coastal zones of the Antarctic and
Greenland generally reveal a strong topographic gradient (Fig.2.1), and are associated with
a wind regime dominated by katabatic forcing with wind speeds up to gale force (Putnins,
1970; Ball, 1960; Wendler, 1990). The so-called “piteraq”, which is a strong synoptically
enforced katabatic wind at the Greenlandic coast, represents a well-known phenomenon to
the Inuits at Greenland (Rasmussen, 1989).

Despite the fact that the physical processes of the dynamics of the katabatic wind system
are thought to be well understood, detailed observational studies are quite rare for both
polar regions. Most of our understanding of the 3D structure of the katabatic wind relies
on numerical simulations, and there is a lack of an adequate validation data set. At this
point two main characteristics of the term “katabatic wind” used in this study should be
stressed:

1) it is a gravity-driven airflow, i.e. a stably stratified boundary layer is a necessary
condition,;

2) the Coriolis force is important, i.e. a relatively large horizontal scale of the wind
system.

Most of the past observational studies of the katabatic wind use data from surface
measurements (e.g. Oerlemans und Vugts, 1993; Wendler, 1990; Bromwich, 1989).
Measurements of the vertical structure are very rare and result from data of sounding
systems at few points. For the Antarctic, measurements of the wind speed profile of
katabatic wind events show a typical vertical extent of 100-200 m (see Schwerdtferger,
1984; Sorbjan et al., 1986). Strong winds with high temporal constancy are generally
observed to be associated with confluence zones due to topographic structures
(Schwerdtfeger, 1984). Sorbjan et al. (1986) use a tethersonde system for the investigation
of the katabatic wind structure over East Antarctica during spring (Fig.2.2). The mean
profiles show a pronounced daily cycle with the largest near-surface wind speed (about
10 m/s) during the early morning hours. A detailed investigation of the (less accurate)
profiles from Antarctic synoptic stations using wind data from radiosoundings and pilot
balloons is presented by Phillpot (1997). To the author’s knowledge, only two studies of
the katabatic wind using an instrumented aircraft exist for the Antarctic. Parish und
Bromwich (1989) investigate the channeling of the katabatic flow in the area of the Ross
Ice Shelf by flying at a constant level of about 200 m relative to the topography. No
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2. Scientific background

information about the vertical structures can be obtained from this study. The flights of
Gosink (1982) in the same area also represent single level data and gave an indication of
the presence of a hydraulic jump in the coastal area.

OO
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Fig.2.1a: Map of Antarctica with topography (isolines every 500 m), ice shelf surfaces are shaded
(data taken from Antarctic Digital Database, BAS et al., 1993),
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Fig.2.1b: Map of Greenland with topography (isolines every 500 m) from high resolution (2 km)
topography data (Ekholm, 1996). Triangles mark the radiosonde stations.
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for November/December 1985 at station D47  Fig.2.2b: As Fig.2.2a, but for the wind speed (a
(1560 m) near the Adélie Coast (from Sorbjan et total of 52 profiles).

al., 1986).

Besides the channeling effects, the modification of katabatically generated air flows near
the margin of the ice sheets is a special point of interest. This interaction with an ice or
open water surface with considerably different surface energy and momentum fluxes
compared to the continental ice regions is poorly understood.

The situation for experimental data over Greenland is problably worse than for the
Antarctic. A major effort for the investigation of the katabatic wind system over Greenland
was made during the GIMEX experiment (Oerlemans und Vugts, 1993). In addition to
data from surface stations, the katabatic wind at the ice margin was studied using a
tethered sonde for summertime

conditions (Van den Broeke et al., ~ ABT.im}
1994). For this summertime situ- 1000
ation, the measurements and also

numerical simulations of Meesters 800
(1994) show the development of a -
shallow, weak katabatic flow 600
(Fig.2.3). In contrast to the sum-

mertime situation for the Antarctic 400
(and wintertime situations for
Greenland), melting occurs at the

ice surface of the Greenland ice 200

sheet during summer. As a result,

the katabatic wind system of the 0 -

GIMEX study is not driven by the a1 05 0% 13 17 21 the

nighttime qoollng of the SI}OW Fig.2.3: Mean daily cycle of the downslope wind
surface, but instead by the daytime component from GIMEX during 5-24 July 1991 (from van

warming of the tundra boundary den Brocke et al., 1994)
layer. Because of the dominating
thermal forcing by the daily cycle of the tundra boundary layer, the maximum wind speeds
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2. Scientific background

are found to be present during the afternoon. The mean downslope wind maximum for
July 1991 has values of less than 5 m/s and lies about 100 m above the surface.

In recent years, a couple of numerical investigations of the katabatic wind system in the
Antarctic and Arctic (Greenland) have been performed using idealized simulations with
3D meso-scale models. Heinemann (1997) and Bromwich et al. (1994) show the
development of katabatic winds in the Antarctic under highly simplified boundary values
and initial atmospheric
conditions. The synoptic
forcing, the daily course of the
net radiation during summer
and the surface conditions in
the transition zone ice/ocean
are found to be important for
the katabatic wind structure. A
more realistic approach is
presented by Hines et al
(1995), who run a meso-scale
model in a nested mode with
global analyses for the period
of one month (June 1988) for
the whole Antarctic. Interes-
tingly, Hines et al. show that
the structures found by these
realistic simulations for the
near-surface wind field as a
one month mean are quite si-
milar to the wind field struc- o=

tures found by idealized simu- Fig2.4: T hy (full ol 500 m) and wind
: 1g.2.4: Topography (full lines, isolines every m) and win

lations over 1',2 days. .The vectors at the lowest sigma level for South Greenland after 24 h

conclusion of this comparison simulation starting from a state of rest (from Heinemann, 1996a)

is that the forcing of the topo-

graphy over the Antarctic continent represents the dominant forcing term for the near-sur-
face wind field, and that the influence of synoptic-scale cyclones is small in the average.
However, the synoptic forcing term can be of great importance regarding shorter periods
of a few days (Bromwich et al., 1994; Heinemann, 1995; Engels and Heinemann, 1996).

katgri 4 zn

During the planning of the katabatic wind flights of KABEG, model simulations were also
taken into account. Idealized simulations for Greenland are shown by Bromwich et al.
(1996) and Heinemann (1996a). These simulations reflect the dominant influence of the
topography structure on the near-surface wind field (Fig.2.4). While a relative homoge-
neous structure is found over the inner part of the Greenlandic ice sheet and over West
Greenland, channeling effects are present in areas of coastal fjords. Very pronounced
channeling effects occur near Angmagssalik and Kangerdlugssuaq at the coast of East
Greenland. These confluence zones can be enforced for the case of a synoptic-scale
cyclone near Iceland (Bromwich et al., 1996).

7



2. Scientific background

The katabatic wind measurements during KABEG were performed in order to address the
following questions:

(a) What are the 3D structures of the katabatic wind field over topographically structured
terrain and over relatively homogeneous terrain? In several studies for West Greenland,
2D numerical modelling was thought to be sufficient for the description of the katabatic
wind field (e.g. for the GIMEX study, Gallée and Duynkerke, 1997).

( b) How can the katabatic wind development quantitatively be described in terms of the
budgets of momentum and energy? Aircraft-based turbulence measurements (thus
representing not only point measurements or only low levels) have not yet been performed
in a katabatic wind system.

(c) How is the katabatic wind triggered by the synoptic-scale forcing?

(d) How is the performance of mesoscale numerical models in simulating the boundary
layer structure of the katabatic flow? In this respect, the KABEG data set will be the first
data set with a detailed 3D resolution covering grid points of operational mesoscale
models.

2.2 Boundary layer fronts

The sea ice edge represents an area with strong gradients of surface temperature,
roughness and albedo (the latter being of minor importance during wintertime conditions).
Due to the different energy budget of the boundary layer above the sea ice and open water,
strong horizontal temperature gradients in the atmospheric boundary layer can establish.
This "boundary layer front" (BLF) associated with the sea ice front represents a low-level
baroclinic environment where polar mesocyclones can develop (Fett, 1989). These
mesocyclones typically occur as shallow vortices with fronts (Heinemann, 1996b; Douglas
et al., 1995). A pronounced BLF forms when the flow direction in the boundary layer is
almost parallel to the sea ice front. In this case, differential heating can generate strong
low-level baroclinicity with a low-level jet (Shapiro and Fedor, 1989; Shaw et al., 1991).
Frontogenetic processes lead to the formation of a pronounced cloud band parallel to the
sea ice front in many cases, which represents the signature of the BLF on satellite images.
With the onset of substantial off-ice wind components connected with cold air outbreaks
or cyclogenesis, the BLF can be advected over the open ocean.

Aircraft-based observational studies of the Arctic boundary layer in the vicinity of the sea
ice front have been carried out during the experiments MIZEX (Johannessen, 1987;
Kellner et al., 1987; Fairall and Markson, 1987), CEAREX (Shaw et al., 1991), ACE
(Shapiro and Fedor, 1989), ARKTIS'88 (Briimmer et al., 1992) and REFLEX (Hartmann
et al., 1992; Kottmeier, 1994). While Briimmer et al. (1992) and Kellner et al. (1987)
document the air mass transformation during off-ice flow, the structures of BLFs during
flow conditions parallel to the sea ice front are investigated by Shaw et al. (1991) and
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Shapiro and Fedor (1989). The latter find a low-level jet (LLJ) of up to 30 m/s in a BLF
west of Spitzbergen. A case
study of the energy budget of
the boundary layer associ-
ated with a BLF is shown by
Shaw et al. (1991), who use
eddy correlation flux mea-
surements. Their vertical
profiles of temperature and
humidity over ice and open
water (Fig.2.5) reflect the
strong heating over the open
water in the lowest 600 m re-
sulting in gradients of about
10 K and 1 g/kg over a 2

distance of 200 km per- , ™
pendicular to the sea ice g = % S ﬁx‘

edge. Shaw et al. show for 0 "0 pecific Humidity (a/kg) o
the sen51'ble heat budget th?t Fig. 2.5: Composite profiles of vitual potential temperature and
the contributions of the hori- specific humidity over the ice (crosses and pluses) and over water

zontal advection and the ver- (squares and triangles) for the CEAREX BLF study (from Shaw et
1., 1991).
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tical divergence of the turbu- 2
lent heat flux are the domi-
nating terms. The dynamics associated with BLFs can be also relevant for the whole atmo-
sphere/ocean system, since increased wind speeds in the vicinity of a BLF influence the
mixing processes in the oceanic boundary layer as well as the drift of sea ice (Phee et al.,
1987).

The KABEG measurements for BLFs were performed in order to address the following
questions:

(a) What is the 3D structure of BLFs and how can their developments quantitatively be
described in terms of the budgets of momentum and energy and in terms of the analysis of
the frontogenesis? To the author's knowledge, the study of Shaw et al. (1991) is the only
case of a BLF budget study; thus it cannot be judged about its representativeness.

(b) Are the parameterizations of mesoscale numerical models realistic enough and do they
correctly simulate the boundary layer structure of the BLFs? In this respect, the KABEG
data set can be used for the validation on different scales, since the flight legs were
sufficiently long to extent over several grid points of operational mesoscale models.



3. Experimental setup

3. Experiment setup
3.1 Experimental area

The research aircraft POLAR?2 owned by the Alfred-Wegener-Institut (AWT) was based at
Kangerlussuaq (former Sgndre Strgmfjord, West Greenland, see Tab.3.1 for coordinates)
at a distance of about 20 km from the glaciers of the inland ice sheet. Kangerlussuaq was
selected for two reasons. Firstly, BLFs which were expected to develop over the Davis
Strait, were in the range of the aircraft taking into account the position of the sea ice front
for April/May. Secondly, this area was selected to investigate the development of the kata-
batic flow over relatively homogeneous topography under different synoptic conditions
and the modification of the katabatic flow in the transition zone ice/tundra. The regions for
the investigation of channeling effects of the katabatic wind were near Tlulissat (West
Greenland) and southwest of Angmagssalik (East Greenland), where pronounced valley
structures with steep topographic gradients are present (see Fig.3.1).

3.2 Surface stations

During the experiment, surface stations were installed at five positions (Tab.3.1). Near
Kangerlussuagq a station with direct turbulent heat flux and momentum measurements, and
a station measuring the surface layer profile, the soil temperature profile and net radiation
was built up in order to determine surface energy balance components. These stations were
built up in order to represent the tundra area. Along a line orientated parallel to the fall line
at about 50 km north of Kangerlussuaq four stations were installed: A1l over the tundra
close to the edge of the inland ice; A2 over the inland ice close to the ice edge (both being
wind recorders); and two surface energy balance stations over the ice at distances of about
30 km (A3) and 70 km (A4) from the ice edge (see Tab.3.1). In the area of Kangerlussuaq
the University of Utrecht IMAU) is also operating two automatic weather stations on the
ice sheet, but only one of them had recorded data during April and May 1997 (at
67.0764°N/49.3714°W, 1015 m). Additional data for the KABEG period is also available
from AWS of the University of Colorado at the positions “Dye2" (66.490°N/46.300°W,
2100 m) and at "Swiss Camp" (69.572°N/49.305°W, 1200 m) at the Ilulissat glacier.
Fig.3.1 shows a high-resolution digital topography with the positions of the above
mentioned AWS.

3.3 Aircraft data

The GPS navigated aircraft was instrumented with the turbulence measuring device
"METEOPOD", allowing high-resolution measurements and the determination of
turbulent momentum, sensible and latent heat fluxes. In addition, downward and upward
solar and terrestrial radiation and surface temperature were measured; a high-resolution
laser altimeter registered surface roughness structures (see Tab.3.2 and Tab.3.3). The GPS
dropsonde facility of the aircraft was used for the BLF program over ocean.

10



3. Experimental setup

Table 3.1: Surface stations operated by MIUB during KABEG

Site aslin | measured quantity | height in m Instrument
m

Al 600 wind vector 2 Mechanical windrecorder (Thies)
67°24'50"N
49°5924"W
A2 760 wind vector 2 Mechanical windrecorder (Thies)
67°27'09"N
49°36'04"W
A3 1200 | Air temperature+ | 1.0,2.2 Electrically ventilated thermistor
67°29'02"N humidity (Grant) + Humicap (Vaisala)
48°59'58"W Wind speed 1.0, 2.1 Cup anemometer (Vector Instr.)

Wind direction 2.4 Wind vane (Vector Instr.)

Pressure 0 Piezoresistive pressure sensor

(Honeywell)

Snow temperature | -0.4, -0.7 Thermistor (Grant)

Net radiation 1.0 Net pyrradiometer (Middleton)
Ad 1600 | Air temperature 0.3,0.8,1.9 Electrically ventilated PT100
67°29'51"N Wind speed 0.3,0.8,1.9 Cup anemometer (Vector Instr.)
47°59'48"W Wind direction 2.4 Wind vane (Vector Instr.)

Pressure 0 Piezoresistive pressure sensor

Snow temperature | -0.2, -0.25, (Honeywell)

-0.3,-04,-0.7 | PT100

Net radiation 1.4 Net pyrradiometer (Thies)
S 40 Air temperature+ | 3.3 3D sonic anemometer +
67°01'32"N 3D wind vector thermometer (Metek)
50°36'11"W Air temperature+ | 0.5, 0.8, 1.1, Electrically ventilated

humidity 1.7,2.7 psychrometer (PT100)
(Kanger- Wind speed 0.5,0.8, 1.1, Cup anemometer (Vector Instr.)
lussuaq) 1.7,2.6

Wind direction 3.2 Wind vane (Thies)

Pressure 0 Piezoresistive pressure sensor

(Honeywell)
Soil temperature -0.02, -0.05, PT100
-0.1,-0.2,-0.5
Net radiation 1.4 Net pyrradiometer (Thies)
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Fig.3.1: High-resolution (2 km) topography (data from Ekholm, 1996) for the KABEG area.
Triangles mark the radiosonde stations Aasiaat (Egedisminde, West Greenland) and Angmassalik
(East Greenland); the full squares mark the AWS from MIUB, IMAU and University of Colorado.
The areas for the BLF and katabatic wind programs are indicated (see text).
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Table 3.2: METEOPOD instrumentation and laser altimeter

Measured Sam- Instrument
quantity pling
in Hz
Air temperature 120 PT100 open wire (Rosemount)
Air temperature 120 PT100 open wire (AWTI)
Air humidity 120 Lyman-a (AIR)
Air humidity 12 Humicap, PT100 in Rosemount housing (Aerodata)
Air humidity 12 Dew point mirror (Gen. Eastern)
Air pressure 12 Pressure sensor (Rosemount)
3D wind vector 120 5-hole-probe (Rosemount)
METEOPOD 60 Attitude and Heading Reference System LTR81
acceleration (Litton)
Height 120 Radar altimeter (TRT)
Height 500 Laser altimeter (Ibeo)

Table 3.3: Equipment of the research aircraft "Polar2" (basic instruments and dropsonde system).

Measured Quantity Sam- | Instrument

pling

in Hz
Air temperature 12 PT100 (Rosemount)
Air humidity 12 Humicap, PT100 in Rosemount housing (Aerodata)
Air pressure 12 Pitot-static tube and absolute pressure sensor (Rosemount)
Wind vector 12 Calculated from navigation system and air pressure

measurements

Aircraft accereration 60 LaserNav Inertial Platform Navigation (Honeywell)
Position 12 GPS (SEL)
Height 12 Radar altimeter
Surface temperature 12 KT4 (Heimann), 8-14 um, 0.6° opening angle
Downward and upward | 12 Short-wave: pyranometer (Eppley PSP)
radiation fluxes 12 Long-wave: pyrgeometer (Eppley PIR)
Profiles of temperature, | 2 MARWIN dropsonde system (Vaisala RS80), naturally
humidity, wind speed ventilated thermistor, Humicap, wind from GPS
and direction

13
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3.4 Satellite data

Visible and infrared imagery

The DMI was operating a High-Resolution Picture Transmission (HRPT) data receiving
station at Kangerlussuag, but for the KABEG period most of the data was lost because of
a malfunction of the magneto-optical disk device. Fortunately, Global Area Coverage
(GAC) data with a reduced resolution of 4 km (nadir) was acquired from the Satellite
Active Archive (SAA) of NOAA/NESDIS and high-resolution HRPT data with a nadir re-
solution of 1.1 km were provided by the Canadian Weather Service for most of the flight
missions. The availability of the latter data is summarized in Tab.3.4. Except for the flight
mission on 18 April, HRPT data was archived by the Canadian Weather Service for each
KABEG flight.

Tab.3.4: HRPT data available for the KABEG flights.

Satellite Date Time Lines noaa-12 97/04/29 10:27:09 5253
noaa-12 97/04/29 12:07:23 5040
noaa-14 97/04/15 15:55:52 4072 noaa-14 97/04/29 16:42:17 4917
noaa-14 97/04/15 17:33:33 5415
noaa-14 97/04/15 19:16:05 4258 noaa-14 97/05/02 06:19:57 5487
noaa-12 97/04/15 20:20:05 3930 noaa-14 97/05/02 08:01:02 5078
noaa-12 97/04/15 21:57:06 5305 noaa-12 97/05/02 09:22:53 3484
noaa-12 97/05/02 11:01:24 5398
noaa-14 97/04/19 16:50:46 5075 noaa-12 97/05/02 12:41:54 4354
noaa-14 97/04/19 18:30:41 5158
noaa-12 97/04/19 20:31:56 4221 noaa-14 97/05/11 06:21:59 5503
noaa-12 97/04/19 22:09:32 5306 noaa-14 97/05/11 08:03:07 5046
noaa-12 97/05/11 09:25:35 3631
noaa-14 97/04/21 05:00:38 3453 noaa-12 97/05/11 11:04:16 5427
noaa-14 97/04/21 06:39:44 5568 noaa-12 97/05/11 12:44:48 4282
noaa-14 97/04/21 08:20:58 4624 noaa-14 97/05/11 16:12:17 4489
noaa-12 97/04/21 10:02:39 4781 noaa-14 97/05/11 17:50:35 5474
noaa-12 97/04/21 11:42:26 5241 noaa-14 97/05/11 19:34:05 3731

noaa-12 97/04/21 13:23:53 2776

noaa-14 97/05/13 06:02:26 5286

noaa-14 97/04/22 04:58:52 3040 noaa-14 97/05/13 07:40:59 5334
noaa-14 97/04/22 06:28:47 5534 noaa-14 97/05/13 09:23:59 2323
noaa-14 97/04/22 08:10:00 4842 noaa-12 97/05/13 10:20:32 5228
noaa-12 97/04/22 09:41:21 4168 noaa-12 97/05/13 12:00:41 5111
noaa-12 97/04/22 11:20:26 5340
noaa-12 97/04/22 13:01:12 3818 noaa-14 97/05/14 05:49:26 5113
noaa-14 97/05/14 07:29:58 5411
noaa-12 97/04/24 10:36:37 5314 noaa-14 97/05/14 09:12:21 2957
noaa-12 97/04/24 12:16:53 4893 noaa-12 97/05/14 09:58:58 4768
noaa-14 97/04/24 15:57:54 4103 noaa-12 97/05/14 11:38:39 5298
noaa-14 97/04/24 17:37.05 4694 noaa-12 97/05/14 13:20:11 2921

Microwave data
Two kinds of microwave data can be used for the KABEG period. Firstly, scatterometer
(ERS-SCAT) data of the Active Microwave Instrument on board the polar orbiting ERS-2
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3. Experimental setup

satellite is available. This type of data allows the determinination of near-surface wind
vectors over ice-free ocean from the backscattered microwave radiation. The ERS-SCAT
data is available as ERS off-line scatterometer wind products, which were generated at the
Institut Frangais de Recherche pour 'Exploitation de la Mer (IFREMER) using the Centre
ERS d'Archivage et de Traitement (CERSAT) algorithms. The spatial resolution is about
50 km with a pixel spacing of 25 km and a 500 km swath width. Due to the large gaps
between the swaths of two subsequent orbits, the area of the Davis Strait is only covered
once or twice per day.

Secondly, multi-frequency, dual polarisation data of the SSM/I sensor is available. This
type of data allows the retrieval of several atmospheric parameters over the ice-free ocean
with a resolution of 30-70 km, particularly the sea ice extent, near-surface wind speed,
cloud liquid water and integrated water vapour. This data was obtained from the Global
Hydrology Resource Center (GHRC) at the Global Hydrology and Climate Center
(Huntsville, Alabama, USA). Using two satellites, a coverage of four times daily is typical
polewards of 60° latitude. For KABEG SSM/I data of the following three satellites are
available: DMSP F10 (1 April-31 May), DMSP F13 (31 March-31 May) and DMSP F14
(8 May-31 May). Thus, even three satellites can be used during May.
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4. First results of the surface stations

In order to give an overview over the whole measurement period, Fig.4.1 shows selected
data from station "S" near Kangerlussuaq (see Tab.3.1) being representative for the tundra
area. Using the mean daily temperature (upper panel) and the surface pressure (lowest
panel), the KABEG period can be devided into four main phases. The first days of the
period (phase 1, until Julian day 107) were characterized by low temperatures (around
-10°C) and high pressure. This phase was followed by almost one week of mean
temperatures around 0°C, in which the first three katabatic wind flights were made (phase
2, Julian day 107-113). After 8 days with relatively cold mean temperatures and relatively
low pressure (phase 3), a considerable warming occurred and the mean temperatures were
around +5°C. While at the beginning of KABEG the tundra was snow covered and the soil
was frozen, the snow melted during phase 2 and a transition to almost summertime
conditions took place in phase 4, when maximum temperatures at 2 m were around +15°C.
The net radiation reveals a pronounced daily cycle with typical maximum values of about
450 W/m®. Only low wind speeds (less than 5 m/s) were recorded throughout the period,
on a few days signals of a valley wind in the Kangerlussuaq fjord were observed.

Over the inland ice, quite different conditions were observed. Fig.4.2 shows the same data
as Fig.4.1, but for the station A4 at the line about 50 km north of Kangerlussuaq at a
distance of about 70 km from the ice edge. At this station (height about 1600 m) phase 3
is associated with mean temperatures of less than -25°C, while temperatures are about
10°C higher during phase 4. The net radiation also reveals a clear daily cycle, but is
negative in the daily mean and maximum values are around +40 W/m” only. In contrast to
the tundra station, a clear forcing of the net radiation on the daily course of the wind speed
can be seen: for most of the days the maximum wind speed is present during the early
morning hours. It should be noted that the UTC times are about 3 hours later than the local
solar time at Kangerlussuaq. Thus the nighttime katabatic wind regime is well established
nearly for all days. The wind increase caused by the katabatic wind is about 5 m/s and is
associated with a marked change in wind direction towards a more downslope direction.

The daily cycle of the katabatic wind system near the surface can also be found in the data
of other surface stations. As an example, the measurements at the AWS "Dye2" (Fig.4.3)
show a similar amplitude in wind speed and also the daily course of the wind direction.
"Dye2" lies in an area with a topography gradient comparable to that at A4, but farer
inland (see Fig.3.1). The above mentioned coupling between nighttime cooling and
katabatic wind can be seen quite well in a close-up for a few days with weak synoptic
forcing (Fig.4.4). The data of the shortwave radiation (Kdown) show undisturbed (cloud-
free) conditions between Julian day 116 and 122 (the daily course of the net radiation
seems to be not reliable; probably this sensor is disturbed by the mast of the AWS or ice
on the sensor). The minimum of the wind speed is measured shortly after local noon,
during the cooling phase the wind turns from 180-210 deg to 150 deg and highest wind
speeds are observed during the early morning hours. This daily cycle of the katabatic wind
system is also present in the data of other AWS on the ice (not shown).
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temperature and daily minimum and maximum; wind speed at 2.6 m; wind direction at 3.3 m; net
radiation and pressure. The triangles and squares indicate days with BLF and katabatic wind flights
flights, respectively.
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5. Overview over the flight missions

5. Overview over the flight missions
5.1 Flight strategy

Katabatic wind flights over homogeneous terrain
This part of the katabatic wind program (K1) was flown in the area of Kangerlussuag, ta-
king the KABEG surface sta- ;

tion line north of Kangerlus-
suaq as a ground reference
(marked P in Fig.5.1). Al-
A4 and S are the AWS de- ¥
scribed in Tab.3.1, Ul and 3
U2 are the two stations ope-
rated by IMAU. The flight
strategy for a cross-section
along line P was to fly air-
craft temps and constant le-
vel legs at different heights
above the surface. The data
of this pattern should allow
to produce a 2D cross-sec- . < ol b
tion of mean quantities along Fig.5.1: Basic flight pattern for the katabatic wind flights near
to the slope and in the tran- Kangerlussuaq (see text).

sition zone to the tundra, to

resolve small-scale horizontal structures and to obtain turbulent fluxes at different heights.
In the presence of a low-level jet, the plan was to have one flight level beneath the wind
maximum, one in the maximum itself and one above. Information about the 3D structure
and advection terms should be derived from the cross legs Q1 and Q2 in form of aircraft
temps and a low-level flight leg. As an alternative flight pattern, a box was flown inclu-
ding the legs Q1 and Q2. During the first flights it turned out that the low-level leg at Q2
was too difficult to fly; therefore, only aircraft temps were flown during the later flight
missions. In order to obtain the development in time, cross-section P was flown two times.

3 o)

Katabatic wind flights in confluence zones

This part of the katabatic wind program was flown in two different areas. One area for the
investigation of channeling effects of the katabatic wind was in a valley west of Angmag-
ssalik (East Greenland, K2, see Fig.5.2). Kulusuk (marked KUL in Fig.5.2) is the nearest
airport and it was initially planned to use it as an temporarily base for a few days for this
part of the program. But, during the KABEG period, this airport turned out to have such
bad conditions for most of the time (fog or bad weather) that it would not be suitable as a
base for the aircraft missions. As a consequence, the program K2 was only flown once
starting at Kangerlussuaq. Several pronounced valley structures with steep topographic
gradients are present west and southwest of KUL. Taking into account the limited range of
POLARZ2, the valley closest to KUL was selected for K2.
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5. Overview over the flight missions

The flight strategy for K2 was to fly aircraft temps and a constant level leg along the line
Pa-Pe (Fig.5.2). The data of
this pattern should allow to
produce a 2D cross-section
of mean quantities along to
the slope and in the transiti-
on zone to the sea ice, to re-
solve small-scale horizontal
structures and to obtain
low-level turbulent fluxes.
Information about the con-
fluence and the possible ex-
tent of the channeled kata-
batic flow over the sea ice
should be derived from the
cross legs over the ice (Ql,
Q2) and over the sea ice and
open water (Q3, Q4) in
form of aircraft temps and a
low-level leg. No surface

data as ground reference is %, o
available for this area. Fig.5.2: Flight pattern for the katabatic wind flight in the
confluence zone near Angmassalik (see Text).

The program K3 was flown

near Ilulissat (West Greenland) over the area of the Ilulissat glacier, which is the fastest
flowing glacier of the world and is also associated with a pronounced valley structure and
steep topographic gradients. In this area, the AWS “Swiss Camp” could be used as a
ground reference for the aircraft data. The flight strategy for K3 was similar to K2, but
only cross profiles over the ice were planned.

BLF flights

2-3
The strategy for the BLF BLF | | | fam
flights was to fly an U-form Dropsondes
pattern at during cold air out- _

breaks over the Davis Strait
under conditions of low-level
flow parallel to the sea ice
edge (Fig.5.3). With the infor-
mation from AVHRR satellite
images and sea ice maps pro-
duced by DMI, the first flight
leg was used o find tl}e actual Fig. 5.3: Schematic flight pattern for the BLF missions over the
position of the sea ice edge Davis Strait.

and to define the position of

the flight pattern. The U-form pattern consisted of a 80 km long profile perpendicular to
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5. Overview over the flight missions

the sea ice edge and two 40 km legs over the sea ice and the open water, repectively.
While the GPS dropsondes should yield a 2D cross-section of mean quantities, constant
level legs at different heights above the surface should allow to resolve small-scale hori-
zontal structures and to measure turbulent fluxes at different heights. In order to get the
development in time, one level in the middle of the boundary layer was flown two times
(or alternatively a second cross-section by aircraft temps). Taking the advection terms
from the data of the 40 km legs this data should allow a complete budget study of the BLF.

5.2 Summary of the flight missions

A total of 13 flights (duration of each flight 5 to 6 h) have been performed, three of them
were BLF flights. The BLF flights took place during cold air outbreaks over the Davies
Strait under conditions of low-level flow parallel to the sea ice edge wind speeds of up to
20 m/s. A summary of the BLF flights is given in Tab.5.1. The synoptic environment was
different for each BLF flight, and only during April temperatures were low enough for the
formation of a BLF due to differential heating of the sea ice and ocean.

The katabatic wind flights for K1 were flown under different synoptic situations and
surface conditions (Tab.5.2). As discussed in Section 4, the surface conditions over the
tundra area were typical of wintertime conditions during the first part of the KABEG
period and changed to conditions typical to summertime conditions in May. With the
exception of the flights in the dissipating katabatic wind system, a well-developed low-
level jet was found in all flight missions at different heights and intensities. The strength
of the surface inversion over the ice showed also a large range for the different flights.

Tab.5.1: Aircraft flights for the BLF program (8T/0x is the horizontal temperature gradient)

Date flight characteristics
program
time in general inversion upper air
UTC flow in m/s
(dl'lrahtion height | strength (direction)

in h) inm in K
15.4.97 BLF, at 66°N, | flow parallel to the sea 500 5 6 (NO)
16.00-21.40 | dropsondes ice edge, 20 m/s (N),
(5h40) and aircraft 0T/0x=2.5K/20km

temps
19.4.97 BLF, at flow parallel to the sea 400 9 16 (NNO)
15.35-21.00 | 67°N, aircraft | ice edge, 20 m/s (N),
(5h25) temps 0T/0x=1K/20km
24.4.97 BLF, at flow parallel to the sea 700 5 20 (N)
11.30-16.30 | 66°N, aircraft | ice edge, 16 m/s (N),
(5h00) temps 0T/0x=1K/20km, cloud
streets
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Tab. 5.2: Aircraft flights for the katabatic wind programs K1-K3 (ATs are the temperature
differences between the temperature at the top of the surface inversion and at the lowest flight
height (MFH) and the radiometrically measured surface temperature, respectively).

Date flight characteristics
program
time in general inversion LLJ upper
UTC air
(duration flow in
inh) height | strength [ height | max. (dliI:-/: -
inm in K inm in tion)
AT(MFH) m/s
/AT(0)
18.4.97 K1 advection of | 150 6/9 80 16 2-3
7.00-11.45 |P,Q1 clouds over S)
(4h45) the tundra
21.4.97 K1 clouds over |70 3/8 60 17 6
6.30-11.50 |P,Q1,Q2 the tundra, (ESE)
(5h20) snow drift
22.4.97 K1 cloud-free, 150 10/ 12 100 22 13
7.05-12.10 |P, aircraft snow drift )
(5h05) temps in box
Q1/Q2
29.4.97 K1 decaying du- | 100 517 80 12 0-5
10.20-15.40 { P, Q1 ring the )
(5h20) flight
2.5.97 K1 snow drift 180 10/15 60 18 5
6.05-11.50 | P, aircraft (SE)
(5h45) temps in box
Q1/Q2
11.5.97 K2 flow channe- | 100 10/ 14 60 22 12
6.35-11.30 | (“Kulusuk™) | ling, dissi- ™N)
(4h55) , KQ pation over
the ice slope
11.5.97 K2 decaying 200 6/6 100 15 6
13.00-17.40 | (“Kulusuk™) ™)
(4h40) ,
13.5.97 K1 snow drift, 200 16 /20 90 24 10
6.00-12.05 | P, aircraft severe tur- (SE)
(6h05) temps in box | bulence at
Q1/Q2 the ice edge
14.5.97 K3 flow chan- 200 9/13 70 15 3
6.00-11.35 | (“Ilulissat™) | neling, snow (E)
(5h35) 1P, 1Q1, IQ2 | drift, dissipa-
tion over the
ice slope
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5.3 A brief description of the katabatic wind flight missions

In the following, the synoptic situation is described using forecasts of the DMI operational
model HIRLAM and satellite imagery. AVHRR channel 4 (infrared) data are shown as an
overview over a larger area (GAC data) as well as for the subarea of the aircraft flights
(HRPT data, except for 18 April). For each flight, a table with the flight legs, a schematic
plot of the flight pattern, a table with the geographic coordinates of the way points and 2D
and 3D plots of the flight path superimposed on a high-resolution topography is shown.

The synoptic situation is described by HIRLLAM forecasts of mean sea level pressure
(MSLP, isolines every 5 hPa) and 10 m wind vectors (full barb: 5 m/s; half barb: 2.5 m/s),
which were operationally received at the DMI office at Kangerlussuaq. The initial times of
the forecasts are 00 and 12 UTC. The maps are taken for the time being closest to the
mean time of the flights. The flight pattern was flown in different ways. “Profile” means
a flight leg at a constant height, either in terms of barometric height (BH) or in terms of
radar height relative to the surface (SH).“Temp” means aircraft temps (ascents or
descents). The flight path is shown superimposed on a high-resolution topography
(Ekholm, 1996) as a 2D plot (upper panel, isolines every 100 m, areas lower than 800 m
shaded) as well as a 3D plot. The advantage of the latter plot is that it demonstrates the
spatial data distribution of the aircraft temps and legs flown at different heights. For the
K1 plots the triangles mark the positions of the surface stations A1-A4 and S.
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5.3.1 KA1 18 April 1997

The synoptic situation was characterized by high pressure systems over southeastern
Greenland and over Baffin Island. The satellite image shows these areas as being almost
cloud-free. Most of the ice sheet of southwest Greenland was cloud-free, but north of
Kangerlussuaq and over southeast Greenland significant cloudiness can be found. Over the
area of K1 only weak pressure gradients were present. Forecasted 10 m winds were around
3 m/s in the K1 area. The katabatic wind system was disturbed by stratus clouds (St),
which were advected from the tundra over the ice. The St can be seen in the satellite image
as a warm signature, because cloud top temperatures are higher compared to the surface as
a result of the inversion. No snow drift was observed during the flight.
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Fig.5.4a: HIRLAM forecasts of mean sea level pressure (MSLP, isolines every 5 hPa) and 10 m
wind vectors (full barb: 5 m/s; half barb: 2.5 m/s), valid for 12 UTC 18 April 1997.
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5. Overview over the flight m

Fig.5.4b: GAC infrared image for 07 UTC 18 April 1997 (reduced resolution).
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Way point coordinates
K1 Qlb Long. Lat.

-50.708 67.013 Kan
-50.090 67.420 Pa

EK -47.800 67.485 Pb
P me—— -48.500 67.200 Qla
Pb -48.500 67.730 Q1b

-49.500 67.170 Q2a
-49.500 67.710 Q2b
Qla -49.700 67.435 EK

Fig.5.5a: Schematic plot of the flight pattern and a table with the geographic coordinates of the way
points for KA1 on 18 April 1997.

The measurement flight startet with a P cross-section with temps, then four profiles along
P were flown (one well above the LLJ, three in the vicinity of the LLJ). One Q1 cross-
section (temps and low-level profile) was flown, and again a second P cross-section with
two profiles Pa-Pb and temps between Pb and EK. At that time stratus clouds (St) were
advected from the tundra over the ice and the flight program was stopped.

52°W
M08
M BP

MLO¥

2
3

68°N

67°N-

275
270
- 265
260
255
e 750

66°N-TE

Fig.5.5b: GAC infrared image for 18 April 1997, 07 UTC with the flight path superimposed.
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Fig.5.5 (continued): Flight path superimposed on a high-resolution topography as a 2D plot (upper
panel, isolines every 100 m, areas lower than 800 m shaded) as well as a 3D plot. The triangles
mark the positions of KABEG surface stations.
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5.3.2 KA2 21 April 1997

An intense high pressure system lay over central Greenland and strong pressure gradients
were present over the area of north of K1. Over the area of K1 forecasted 10 m winds were
around 5 m/s. Greenland was almost cloud-free at both coasts. The satellite image near the
beginning of the flight (Fig.7.7b) shows an area of low clouds or surface fog southeast of
the flight pattern. Intense winds and snow drift were observed during the flight.
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Fig.5.6a: As Fig.5.4a, but valid for 06 UTC 21 April 1997.
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5. Overview over the flight

GAC infrared image for 06 UTC 21 April 1997 (reduced resolution).

Fig.5.6b
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5. Overview over the flight missions

Way point coordinates
K1 Q2b Qlb Long. Lat.

-50.708 67.013 Kan
-50.090 67.420 Pa

-47.800 67.485Pb
EK

O S-S I -48.500 67.200 Qla
Pb -48.500 67.730 Qb
-49.500 67.170 Q2a
-49.500 67.710 Q2b
-49.700 67.435 EK

Q2a Qla

Fig.5.7a: Schematic plot of the flight pattern and a table with the geographic coordinates of the way
points for KA2 on 21 April 1997.

During the first part of the flight the tundra was covered by a low St, but no clouds were
observed over the ice. First, temps were performed along P, then four profiles were flown
between Pb and EK in order to measure the ABL structure in, below and above the LLJ.
One Q1 cross-section (temps and low-level profile) was flown, and again a second P cross-
section with two profiles and temps between Pb and EK. The flight ended with a Q2 cross-
section (temps and low-level profile).
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Fig.5.7b: HRPT infrared image for 21 April 1997, 06 UTC with the flight path superimposed.

32



5. Overview over the flight missions
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Fig.5.7 (continued): As Fig.5.5, but for the flight path KA2.
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5. Overview over the flight missions

5.3.3 KA3 22 April 1997

As the day before, an intense high pressure system lay over central Greenland and strong
pressure gradients were now present also over the area of of K1. Forecasted 10 m winds
were around 5-10 m/s. No clouds were present, neither over the tundra nor over the ice.
Intense winds and snow drift were observed during the flight.
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Fig.5.8a: As Fig.5.4a, but valid for 06 UTC 22 April 1997.
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5. Overview over the flight missions

Way point coordinates
K1 Q2b Qlb Long. Lat.

-50.708 67.013 Kan
-50.090 67.420 Pa
-47.800 67.485 Pb
P — — -48.500 67.200 Qla
Pb -48.500 67.730 Q1b
-49.500 67.170 Q2a
-49.500 67.710 Q2b

Q2a Qla -49.700 67.435 EK

Fig.5.9a: Schematic plot of the flight pattern and a table with the geographic coordinates of the way
points for KA3 on 22 April 1997.

Two P cross-sections and aircraft temps in a box including Q1 and Q2 were flown. First,
temps were performed along P, then four profiles were flown between Pb and EK in order
to measure the ABL structure in, below and above the LLJ. Cross-sections with temps
were flown along Qla-Q1b-Q2b-Q2a-Qla, and a second P cross-section with temps
between Pb and Pa. Then two profiles were performed at constant SH over the ice and
constant BH over the tundra in order to investigate the transition zone at the ice edge.
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Fig.5.9b: HRPT infrared image for 22 April 1997, 06 UTC with the flight path superimposed.
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5. Overview over the flight missions
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Fig.5.9 (continued): As Fig.5.5, but for the flight path KA3.
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5. Overview over the flight missions

5.3.4 KA4 29 April 1997

While a synoptic cyclone lay at the coast of East Greenland, a weak high pressure system
lay over West Greenland. Only weak pressure gradients were present over the area of of
K1. Forecasted 10 m winds were 0-2.5 m/s. The flight was started at a relatively late time
(see Tab.5.2) and captures the decaying katabatic wind system. A few Sc over the tundra

and high As over the ice were present.
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Fig.5.10a: As Fig.5.4a, but valid for 12 UTC 29 April 1997.
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3. Overview over the flight

Fig.5.10b: GAC infrared image for 10 UTC 29 April 1997 (reduced resolution).
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5. Overview over the flight missions

Way point coordinates
Qlb Long. Lat.

K1 -50.708 67.013 Kan
-50.090 67.420 Pa
-47.800 67.485Pb
D — o -48.500 67.200 Qla
Pb -48.500 67.730 Q1b
-49,700 67.435 EK

Qla

Fig.5.11a: Schematic plot of the flight pattern and a table with the geographic coordinates of the
way points for KA4 on 29 April 1997.

Three P cross-sections and two Q1 cross-sections were flown. First, temps along P and
two profiles were performed between Pb and EK. Cross-section Q1 was flown with temps
and a low-level profile, then a second P cross-section with temps and a low-level profile
between Pb and EK. Cross-section Q1 was flown a second time (temps and a low-level
profile). A third P cross-section with temps, one low-level profile between Pb and EK and
one profile between Pb and Pa (constant SH over the ice and constant BH over the tundra)
were performed at the end of the flight.
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Fig.5.11b: HRPT infrared image for 29 April 1997, 10 UTC with the flight path superimposed.
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5. Overview over the flight missions
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Fig.5.11 (continued): As Fig.5.5, but for the flight path KA4.
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5. Overview over the flight missions

5.3.5 KAS 2 May 1997

The synoptic situation was characterized by a moderate high pressure system over
southeast Greenland and a low over Baffin Island and the Davis Strait. Over the area of K1
forecasted 10 m winds were around 3-5 m/s. At the beginning of the flight, the conditions
were cloud-free, later the tundra and the ice were covered by 4/8 Ci/As. Intense winds and
snow drift were observed during the flight.
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Fig.5.12a: As Fig.5.4a, but valid for 12 UTC 2 May 1997.
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5. Overview over the flight

=
.

for 06 UTC 2 May 1997 (reduced resolution).

image

GAC infrared i

Fig.5.12b

43



5. Overview over the flight missions

Way point coordinates
Long. Lat.
K1 Q2b Qlb -50.708 67.013 Kan
-50.860 67.416 Pa'
-50.090 67.420 Pa
EK | X -47.800 67.485Pb
M b -48.500 67.200 Qla
-48.500 67.730 Q1b
-49.500 67.170 Q2a
-49.500 67.710 Q2b
-49.700 67.435 EK
-49.077 67.458 X

Q2a Qla

Fig.5.13a: Schematic plot of the flight pattern and a table with the geographic coordinates of the
way points for KA5 on 2 May 1997.

Two P cross-sections and aircraft temps in a box including Q1 and Q2 were flown. In
addition, flight legs at constant pressure levels and additional temps were flown near the
ice edge in order to investigate the dissipation of the katabatic wind in the transition zone
ice/tundra. The cross-section P was extended to Pa’ with temps and four profiles. This
flight pattern was followed by temps along Q1a-Q1b-Q2b-Q2a-Qla, and a second P cross-
section with temps and two profiles between Pb and Pa. At the end of the flight, the area
near the ice edge between EK and X was investigated by two profiles and temps.
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Fig.5.13b: HRPT infrared image for 2 May 1997, 06 UTC with the flight path superimposed.
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5. Overview over the flight missions
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Fig.5.13 (continued): As Fig.5.5, but for the flight path KAS.
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5. Overview over the flight missions

5.3.6 KA6 and KA7 11 May 1997

KA6 was the first flight over the valley region west of Kulusuk. A high pressure system
extended over central Greenland and an area of relatively high pressure gradients was
present near the coast of southeast Greenland. Over the area of K2 forecasted 10 m winds
were around 10 m/s. One P cross-section and the cross-sections Q1, Q2 and Q3 were
flown (see Fig.5.2 and Fig.515.a). Q4 was dropped, since the katabatic wind system was
completely dissipated even at Q3. During the transfer flight from Kangerlussuaq to the
measurement area K2 low-level Sc was observed over the ice, but except a few aircraft
contrails no clouds were present during the flight at the east coast. The program K2 was
flown a second time after refueling at Kulusuk. One P cross-section and aircraft temps in
abox including Q1 and Q2 as well as low-level legs for Q1 and Q2 were flown in the KA7
flight. This flight took place in the dissipating katabatic wind system.
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Fig.5.14a: As Fig.5.4a, but valid for 06 UTC 11 May 1997.
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5. Overview over the flight
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GAC infrared image for 06 UTC 11 May 1997 (reduced resolut

Fig.5.14b

47



5. Overview over the flight missions

Way point coordinates
Long. Lat.
K2 Qib -50.708 67.013 Kan
Q2b -41.998 66.082 Pa’
-41.153 65.947 Pa
-40.387 65.673 Pb
-39.838 65.477 Pc
-39.265 65.268 Pd
-41.302 65.635 Qla
-40.383 66.060 Q1b
-40.493 65.445 Q2a
Q2a -39.900 65.793 Q2b
Qla -39.945 65.427 Q3a

Fig.5.15a: Schematic plot of the flight pattern and a -39.602 65.590 Q3b
table with the geographic coordinates of the way points -37.134 65.574 Kul
for KA6 on 11 May 1997.

A detailed description will only be given for KA6. During KA6 temps were flown down-
slope between Pa’ and Pd, and then cross-section Q3 two times with temps. This flight
pattern was followed by a low-level profile along Pc-Pa. Q1 was flown with temps and a
low-level profile, and Q2 was flown in the same way.
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Fig.5.15b: HRPT infrared image for 11 May 1997, 06 UTC with the flight path superimposed.
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5. Overview over the flight missions
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Fig.5.15 (continued): As Fig.5.5, but for the flight path KAG6.
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5. Overview over the flight missions

5.3.7 KAS 13 May 1997

The synoptic situation was characterized by a strong high pressure system over central
Greenland leading to almost cloud-free conditions for the whole ice sheet, Over the area of
of K1 forecasted 10 m winds were around 10 m/s. Intense winds and snow drift were
observed during the flight; the cloud coverage was 3/8 Cs. Severe turbulence was
encountered in the transition zone between the ice and the almost ice-free tundra. Two P
cross-sections and aircraft temps in a box including Q1 and Q2 were flown. Flight legs at
constant pressure levels were flown near the ice edge in order to investigate the dissipation
of the katabatic wind in the transition zone ice/tundra. In addition, a third cross-section
parallel to the ice edge was flown over the tundra (Q3).
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Fig.5.16a: As Fig.5.4a, but valid for 12 UTC 13 May 1997.
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5. Overview over the flight

GAC infrared image for 07 UTC 13 May 1997 (reduced resolution).

Fig.5.16b
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5. Overview over the flight missions

Way point coordinates

Kl Long. Lat.
-50.708 67.013 Kan
Q3b Q2b Q1b -50.090 67.420 Pa

-47.800 67.485 Pb

-48.500 67.200 Qla
-48.500 67.730 Qlb
Pb -49.500 67.710 Q2b
-50.100 67.140 Q3a
-50.100 67.710 Q3b
-49.200 67.450 X

Q3a Q2a Qla -49.700 67.435 EK

Fig.5.17a: Schematic plot of the flight pattern and a table with the geographic coordinates of the
way points for KAS on 13 May 1997.

Cross-section P was flown with temps and four profiles, three of the latter were at constant
SH over the ice and constant BH over the tundra. This flight pattern was followed by a se-
cond P cross-section with temps, then cross-section Q3 was flown by temps and a BH pro-
file. After Q3, the box Q2a-Q2b-Q1b-Qla-Q2a was flown by temps. At the end of the
flight, the area near the ice edge between Pa and X was investigated by temps and four
SH/BH profiles.
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Fig.5.17b: HRPT infrared image for 13 May 1997, 07 UTC with the flight path superimposed.
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5. Overview over the flight missions

ABEG flight pattern 130597 K1
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Fig.5.17 (continued): As Fig.5.5, but for the flight path KAS.
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5. Overview over the flight missions

5.3.8 KAY 14 May 1997

This was the only flight for the program K3 over the valley region east of llulissat. A high
pressure system lay over central Greenland, a weak cyclone was situated west of Disco
Island. Over the area of K3 forecasted 10 m winds were only around 2.5 m/s. High-level
clouds (3/8 Ci) were present over the ice, in some areas also low-level clouds (1/8 Sc)
were observed.
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Fig.5.18a: As Fig.5.4a, but valid for 06 UTC 14 May 1997.
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5. Overview over the flight missions

Fig.5.18b: GAC infrared image for 07 UTC 14 May 1997 (reduced resolution).

55



5. Overview over the flight missions

Way point coordinates
Qlb Long. Lat.

K3 -50.708 67.013 Kan
Q% -50.167 69.183 Pa

-49.583 69.225 Pb

Pa Pb Pc Pd -48.833 69.293 Pc

-48.000 69.367 Pd
-48.833 69.031 Qla
-48.305 69.572 Q1b
Q2a -49.567 69.115 Q2a
Qla -49.867 69.353 Q2b

-51.062 69.245 Tlu

Fig.5.19a: Schematic plot of the fli%ht pattern and a table with the geographic coordinates of the
way points for KA9 on 14 May 1997.

One P cross-section and a box including Q1 and Q2 were flown as aircraft temps and
constant level legs. The cross-section Pa-Pd was flown with temps and three profiles, then
the box Q2a-Q2b-Q1b-Q1a-Q2a was flown by temps and two SH profiles.
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Fig.5.19b: HRPT infrared image for 14 May 1997, 07 UTC with the flight path superimposed.
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5. Overview over the flight missions
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Fig.5.19 (continued): As Fig.5.5, but for the flight path KA9.
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5. Overview over the flight missions

5.4 A brief description of the BLF flight missions

As for the katabatic wind flights, the synoptic situation is described using forecasts of the
DMI operational model HIRLAM and AVHRR imagery. The sea ice analysis maps being
closest to the BLF flights and plots of the ERS-derived wind vectors are also presented.

5.4.1 BLF1 15 April 1997
The synoptic situation was characterized by a high pressure system over Disco Island and
a low over the southern Labrador Sea. Over the Davis Strait moderate pressure gradients

were present, Forecasted 10 m winds were around 10 m/s from the north in that area.
High-level clouds associated with the low can be seen over southern Greenland (Fig5.20b).
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Fig.5.20a: As Fig.5.4a, but valid for 00 UTC 16 April 1997.
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5. Overview over the flight

benssnjiabue)

GAC infrared image for 16 UTC 15 April 1997 (reduced resolution).

Fig.5.20b
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5. Overview over the flight missions

Way point coordinates
Long. Lat.

-50.708 67.013 Kan
-54,117 65.415 B!
-54.117 65.775 B2
-55.872 65.775 B3
-55.872 65.415 B4
-54.067 65.954 B2'
-54.824 65.777 X

Fig.5.21a: Schematic plot of the flight pattern and a table with the geographic coordinates of the
way points for BLF1 on 15 April 1997.

After the transfer flight a temp was made at B2', then the ice edge was searched and the
points B1-B4 were defined. After a temp at B4, five GPS dropsondes were deployed
successfully from a height of about 2000 m. Altogether five constant level legs along B1-
B4 were flown (one above the ABL, one at the ABL height and three within the ABL). A
cross-section with aircraft temps (B3-X) was performed at the end of the flight. Observed
high-level cloud coverage was about 5/8 As, low-level cloud coverage was variing and
consisted of Sc near the sea ice front. The observed sea ice coverage was up to 9/10.

Fig.5.21b: HRPT infrared image for 15 April 1997, 16 UTC with the flight path superimposed.
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5. Overview over the flight missions
KABEG flight pattern 150497 BLF
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Fig.5.21 (continued): Flight path superimposed on a high-resolution topography as a 2D plot (upper
panel, isolines every 100 m, areas lower than 1000 m shaded) as well as a 3D plot. The ice
concentration from NOAA weekly ice maps is indicated (dark gray: 3-5/10, medium gray: 7-9/10,
and light gray: 8-10/10). The diamond in the upper panel marks the observed ice margin during the
flight; the circles in the lower panel mark the positions of dropsondes.
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5. Overview over the flight missions
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Fig.5.22: Sea ice map for the Davis Strait area from the NOAA National Ice Center valid for
the week of 14 April 1997.

62



5. Overview over the flight missions
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Fig.5.23: ERS-2 scatterometer wind vectors for the Davis Strait area for 0140 UTC 16 April 1997.
A scaling vector is shown in the lower right corner. No wind retrievals are possible over the sea ice

and near the sea ice margin. The strong cold air outbreak paralle! to the sea ice edge at about 54°W
is evident.
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5. Overview over the flight missions

5.4.2 BLF2 19 April 1997

The synoptic situation was characterized by a high pressure system over Baffin Island,
which caused the outflow of cold air at its eastern side. Forecasted 10 m winds were
around 10 m/s from the north over the Davis Strait. The measuring area was northward of
that of BLF1.
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Fig.5.24a: As Fig.5.4a, but valid for 00 UTC 20 April 1997.
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5. Overview over the flight missions

60N

Fig.5.24b: GAC infrared image for 16 UTC 19 April 1997 (reduced resolution).
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5. Overview over the flight missions

Long.

-50.708
-54.003
-56.954
-54.520
-54.558
-56.412
-56.436
-54.224

Fig.5.25a: As Fig.5.21a, but for BLF2 on 19 April 1997.

After the transfer flight a temp was made at B2', then the ice edge was searched on the leg
B2'-B3' and the points B1-B4 were defined. The full pattern was flown in temps, followed
by three constant level legs along B1-B4 within the ABL. A cross-section with aircraft
temps (B3-X) was performed at the end of the flight. Only low-level cloud coverage with
Sc roll clouds were found near the sea ice front. The observed sea ice coverage was up to

9/10, which agrees with the sea ice map.

Fig.5.25b: HRPT infrared image for 19 April 1997, 16 UTC with the flight path superimposed.
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5. Overview over the flight missions
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Fig.5.25 (continued): As Fig.5.21, but for BLF2. The ice concentration from NOAA weekly ice
maps is indicated (dark gray: 1-3/10, medium gray: 5-7/10, and light gray: 9-10/10).
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5. Overview over the flight missions
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Fig.5.26: Sea ice map for the Davis Strait area from the NOA A National Ice Center valid for
the week of 21 April 1997.
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5. Overview over the flight missions
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Fig.5.27: As Fig.5.23, but for ERS-2 scatterometer wind vectors for the Davis Strait area for

0140 UTC 19 April 1997. As on 16 April, a strong cold air outbreak parallel to the sea ice edge at
about 54°W is present.
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5. Overview over the flight missions

5.4.3 BLF3 24 April 1997

The synoptic situation was similar to that of BLF2. Again a high pressure system over
Baffin Island and eastern Canada caused the outflow of cold air from the north over the
Davis Strait. Forecasted 10 m winds were around 10 m/s. The measuring area was
westward of that of BLF1. An extended area of low-level Sc clouds over the Davis Strait
can be seen on the satellite image.
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Fig.5.28a: As Fig.5.4a, but valid for 00 UTC 25 April 1997.
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5. Overview over the flight missions

Fig.5.28b: GAC infrared image for 16 UTC 24 April 1997 (reduced resolution).
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5. Overview over the flight missions

Way point coordinates
Long. Lat.

-50.708 67.013 Kan
-54.008 65.980 B2'
-57.006 65.637 B4
-57.016 66.000 B3
-55.179 66.001 B2
-55.141 65.636 B1

Fig.5.29a: As Fig.5.21a, but for BLF3 on 24 April 1997.

After the transfer flight a temp was made at B2', then the ice edge was searched and the
points B1-B4 were defined. Because low-level Sc clouds streets with snow showers were
encountered near the sea ice front, there was a risk of icing of the sensors when flying
temps. Therefore, two constant level legs were first flown along B1-B4 within the ABL.
Then a cross-section with aircraft temps (B2-B3) was performed without icing conditions.
Three additional constant level legs were flown, one above and two within the ABL. The
observed sea ice coverage was up to 8/10.

Fig.5.29b: HRPT infrared image for 24 April 1997, 16 UTC with the flight path superimposed.
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5. Overview over the flight missions
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Fig.5.29 (continued): As Fig.5.21, but for BLF3. The ice concentration from NOAA weekly ice
maps is indicated (dark gray: 1-3/10, medium gray: 7-9/10, and light gray: 9-10/10).
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5. Overview over the flight missions

DAVIS STRAIT ICE ANALYSIS 40
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. WEEK OF
ANALYSIS DATE: 28 APR 97
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RECONHNAISSANCE. ... 0o

27-28 APR 87

Fig.5.30: Sea ice map for the Davis Strait area from the NOAA National Ice Center valid for
the week of 28 April 1997. North of 65°N the ice margin is found further westwards
compared to two weeks before..
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5. Overview over the flight missions
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Fig.5.31: As Fig.5.23, but for ERS-2 scatterometer wind vectors for the Davis Strait area for
0140 UTC 25 April 1997. A scaling vector is shown in the lower right corner.
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6. First results of the katabatic wind flight missions

6. First results of the katabatic wind flight missions
6.1 18 April 1997 m in g/kg

This was the first of the KABEG kata- ° 723 PT118.4.97
batic wind flights. The case represents
an example of the katabatic wind sys-
tem under weak synoptic forcing.
Fig.6.1 shows vertical profiles for two
aircraft temps over the ice at distances
of about 25 km (Tpm) and 70 km (Tpo)
from the edge of the inland ice (flown
along the line Pa-Pb, see Section 5).
The profiles are plotted against the ME-
TEOPOD radar height (i.e. above the 5 10
surface). The lowest points for the pro- 8 indeg C

files correspond to barometric heights dd in deg

of about 1300 and 1600 m, respec- 120 180 240 300
tively. The profiles were flown between
0730 and 0745 UTC, which is about
3 hours later than the local solar time
(LST) and just before suntise. A pro-
nounced surface inversion of about
8K/150m is present in the lowest
200 m. A low-level jet (LLJ) at a height
of 60-90 m with wind speeds of about
15 m/s is found in both profiles. The
wind direction changes from 135° near
the surface (i.e. 45° relative to the
SlOp?) to 1807 above the LLJ (i.c. per- Fig.6.1: Aircraft temps on 18 April over the ice
pendicular to the slope) for the Tpo aiong the line P. Upper panels show mixing ratio (m)
profile. For the lower Tpm profile the and potential temperature (8), lower panels display
LLJ is shallower and wind speeds wmg s?eed (ff) and wind direction (dd). For details
decrease to 2 m/s at heights of 200- e text

400 m above the surface. The wind direction in this weak wind layer turns to westerly and
northwesterly directions. Therefore, the wind speed anomaly associated with the katabatic
wind is about 10 m/s.

- ==— Tpm ‘

—~@— Tpe

Radar heightinm

Radar height in m

ftin m/s
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6. First results of the katabatic wind flight missions

m In g/kg 6.2 22 April 1997

0123 PT122.4.97 This case represents an example of the
katabatic wind system under strong syn-
optic forcing. At that time most of the
tundra area was snow covered and near-
surface temperatures were relatively low
(see Section 4). Fig.6.2 shows vertical
profiles for three aircraft temps over the
ice at distances of about 10 km (Tpu),
25 km (Tpm) and 75 km (Tpo) from the
edge of the inland ice. The lowest points
for the three profiles correspond to baro
metric heights of 1100, 1300 and
0 in deg C 1500 m, respectively. The profiles were
dd In deg flown between 0725 and 0745 UTC. A
90 120 150 180 Wwell-developed katabatic wind system
can be seen in the wind speed profile. A
LLJ with more than 22 m/s is found at a
height of about 100 m. Compared to the
case of 18 April the wind speed at
heights above 200 m is much higher
(13 m/s), which reflects the strong
synoptic wind from southerly directions.
The profiles of the potential temperature
show a strong surface inversion of more
than 10K/100m. In contrast to 18 April,
0 T 7 7717 71T7] the boundary layer structure is also
10 15 20 25 obvious in the humidity profiles, since
Fig.6.2: As Fig.6.1, but for 22 April. the real temperatures in the lowest layers
are -11°C and -16°C for the Tpu and the
Tpo profiles, respectively (being about 7°C cooler compared to 18 April). The three
profiles show only little variation with respect to the wind speed profile along the flight leg
Pa-Pb.

Tpu

-—=-- Tpm

Radar height in m

Radar heightinm

One of the scientific goals of KABEG is to investigate the 3D structure of the katabatic
wind system. Therefore, studies of the variation of the katabatic wind system
perpendicular to the gradient of the topography (i.e. approximately north-south) along the
lines Q1 and Q2 (Fig.5.1) are of particular interest. Fig.6.3 shows three profiles along Q1,
which were flown around 0930 UTC, i.e. about 2 h later than the temps shown in Fig.6.2.
Temp Ta is the southernmost point of Q1, temp Tm lies over the line P and temp Te is the
northernmost point of Q1. The lowest points for the three profiles correspond to
barometric heights of about 1500 m. The surface inversion and the low-level jet are again
well developed, but significant differences are present. An increase in wind speed of
several m/s is found with the northernmost profile revealing the highest values. These
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6. First results of the katabatic wind flight missions

m in g/kg m In g/kg
0123 Q122497 0123  (02224.97
300 — 300 —
Ta
£ E
£ 200 £ 200 —
) m 5
-] T r] -
= = m 1
3 100 — g 100 —
3] 3
e [+
0 - 0 —
6 Indeg C 6 indeg C
dd In deg dd in deg
80 120 150 180 90 120 150 180
<
dd 5
£ E
£ =
5 5
2 2
5 s
b=l ke
P «
] O T T
10 15 20 25 10 15 20 25
ttin m/s ft In m/s
Fig.6.3: As Fig.6.2, but along the line Q1. Fig.6.4: As Fig.6.2, but along the line Q2.

gradients (particularly in the wind speed) are also present along the line Q2 (Fig.6.3, see
Fig.5.1 for the position of Q2). While for temp Ta at the southernmost point of Q2 wind
speeds of 8 m/s are found at the lowest levels, the wind increases along Q2 and reaches va-
lues of up to 18 m/s at the northernmost point of Q2. This effect is also discussed in the

next section.
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6. First results of the katabatic wind flight missions

6.3 13 May 1997 m In g/kg

0.0 1.0
a0 PT113.5.97

This case represents again an example of
the katabatic wind system under strong
synoptic forcing. But, in contrast to 22
April most of the tundra area was snow-
free and near-surface temperatures were
relatively high (cf. Section 4). Fig.6.5
shows vertical profiles for three aircraft
temps over the ice at approximately the
same locations as for 22 April. The
profiles were flown between 0625 and
0645 UTC, which is again around local 0 —
sunrise. Like on 22 April the profiles show 5 10 15 20
a strong surface inversion of more than 6 Indeg C
10K/100m, but temperatures are consi- dd in deg
derably higher (real temperatures near the 90 120 150 180
surface were -4°C and -9°C for the Tpu
and Tpo temps, respectively). The LLJ is i
even more pronounced than on 22 April
and wind speeds reach almost 25 m/s. The
three profiles show a distinct variation
along the flight leg. An acceleration of the
wind close to the ice edge is found in the
lower layers, which leads to a sharper
wind maximum closer to the ice edge.
Like on 22 April, the boundary layer e I I

structure is also present in the humidity 10 15 20 25

profiles, but in this case the humidities it in m/s

above the stable boundary layer are Fig.6.5: As Fig.6.2, but for the flight 13 May.
extremely low (around 0.3 g/kg), while the

evaporation at the surface and in the drifting snow leads to values around 1.0 g/kg at low
levels.

Tpu

Radar heightin m

Radar heightin m

Again, the variation of the katabatic wind system perpendicular to the gradient of the
topography is studied along the lines Q1 and Q2 (see Fig.5.1). Fig.6.6 shows three profiles
Ta, Tm and Te along Q1, which were flown around 1010 UTC, i.e. about 3 h later than the
temps shown in Fig.6.5. The surface inversion and the low-level jet are again well
developed and the katabatic wind system can be regarded to be homogeneous
perpendicular to the gradient of the topography for this situation. In contrast, the profiles
along Q2 (flown around 950 UTC) show significant differences perpendicular to the
gradient of the topography. While for temp Ta at the southernmost point of Q2 wind
speeds of 15 m/s were found at the lowest levels, the wind increases along Q2 and reaches
values of up to 25 m/s at the northernmost point of Q2.
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6. First results of the katabatic wind flight missions

A cross-section of the wind speed and the potential temperature interpolated from the
aircraft temps and constant level flights along the line P is shown in Fig.6.8. Unlike the

m In g/kg m in grkg

Q1 00 10 13.5.97 Q2

300

Ta
e E
E £ 200
= =
2 =2
@ (]
o3 £
8 S 100
& Q@
= 24
| 0 I
10 15 20 10 15 20
0 indeg C 0 In deg C
dd in deg dd in deg
90 120 150 180 90 120 150 180
300 — 300 —
E E |
£ 200 — £ 200
5 ) )
2 £ i
= N -
3 100 § 100 —
o a [+
O T T 0
10 15 20 25 10 5 20 25
{f iIn m/s f In m/s
Fig.6.6: As Fig.6.5, but along Q1 Fig.6.7: As Fig.6.6, but along Q2.

profiles shown before, the vertical coordinate is the barometric height. The topography
calculated as the difference between barometric height and radar height from the lowest
constant level flight is displayed in black (the variations over the ice do not correspond to
real topography structures, since deviations of the aircraft position from the horizontal
cause a variation in the radar height when flying over the sloped terrain). The shallow
stable layer over the ice sheet is evident, which is associated with high downslope wind
speeds. At the ice edge (horizontal coordinate +20 km) a strong wind convergence is
present. Strong up- and downdrafts and severe turbulence were encountered at this
convergence zone during the flight.
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6. First results of the katabatic wind flight missions

‘QP113.5.97 thinC

1500]
=
=
£ 1000
=}
-
500
10 0 10 20 30 40 50 60 70 80 90
km
QP113,5.97 ffinm/s
1500
E
=
o
£ 1000
=}
e
500

-0 0 10 20 30 40 50 60 70 80 90

Fig.6.8: Cross-section along P for 13 May 1997, 630 UTC. Upper panel:
potential temperature (in °C); lower panel: wind speed (in m/s).
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6. First results of the katabatic wind flight missions

6.4 Concluding remarks

A total of 9 katabatic wind flights were performed during KABEG. While the three flights
for the programs K2 and K3 took place on two days, the flights for K1 were made under
quite different synoptic situations and surface conditions (see Tab.5.2). The first results
presented in the previous sections rely on the quicklook data (1 Hz data sampled from the
120 Hz raw data) of the aircraft data set. This data gives a first insight into the structures
of the katabatic wind system, but a detailed investigation using the full data set for the
computation of turbulent fluxes, boundary layer budget etc. will remain a challeging task
for the future.

The dependance of the 3D structure of the katabatic wind system on synoptic forcing and
boundary conditions over the ice and the tundra seems to be quite complex. The fact that
profiles perpendicular to the gradient of the topography yielded significant differences may
be surprising, since previous studies using data from the GIMEX experiment (Van den
Broeke et al., 1994), which was performed in the same area, have argued that the katabatic
wind system can be regarded as being two-dimensional for the interpretation of
measurements as well as for numerical simulations (e.g. Gallée and Duynkerke, 1997).
However, a closer inspection of the topography reveals a slight valley-like structure in the
area of the aircraft measurements of K1. This may explain in part the observed variations
of the boundary layer structure in an area, which - at a first view- seems to be a region of
almost homogeneous topography in the north-south direction.
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7. First results of the BLF flight missions

7. First results of the BLF flight missions
7.1 15 April 1997

This was the first of the KABEG BLF
flights and it took place during an coid
air outbreak over the Davis Strait under 0.
conditions of low-level flow parallel to

0 1.0
the sea ice edge wind speeds of about 800 —
20 m/s. The different structure of the _
boundary layer over the open water and 600 —
over the sea ice is illustrated by the two . i
aircraft temps shown in Fig.7.1 (1 Hz 400 —
data sampled from the 120 Hz raw data). ' 4

m

m in g/kg

Height in m

The solid line without symbols repre- 200 —
sents the METEOPOD data on 15 April -
over the ocean (1630 UTC), the line with 0 — LA DL
triangles the METEOPOD over the sea -15 (;1:"] dog C -5

ice (1715 UTC). Over the open water the 9

profile of the potential temperature 0 dd i;odeg 20
shows values of about -9°C in the well-

mixed lowest 400 m and a well pro- 800 _—

nounced inversion being coincident with |

a marked decrease in specific humidity. dd
T

600 —

The wind vector reflects the turbulent
structure of the boundary layer with
mean values of about 20 m/s and norther-
ly directions. Above the inversion, the 200 —
wind speed decreases and the wind turns i
to a direction of 20°. The profiles over 0 . ' .
the sea ice reflect the marked tempera- ! l '

. . 5 10 15 20 25
ture contrast associated with the BLF. #in m/s
Thq boundary layer height over the sea Fig.7.1. Vertical profiles of mixing ratio (m),
ice is about 100 m lower than over the potential temperature (8), wind speed (ff) and
open water, and the temperatures are direction (dd) over the Davis Strait for 1630UTC and

. . 17.15 UTC 15 April (lines without symbols: open
about 5 K lower, corresponding to a hori- yater; lines with triangles: sea ice). P

zontal temperature gradient of about

10K/100km, which is almost twice as

large as that observed by Shaw et al. (1991). A large difference in the wind speed profile
can also be noticed.

400 —

Height in m

The aircraft temp over the sea ice at 1715 UTC allows a comparison with the GPS
dropsonde deployed a few minutes later at about the same location. Fig.7.2 displays the
same aircraft data as Fig.7.1, but for the comparison with the dropsonde pressure was
chosen as the vertical coordinate, since this is the primary height information from the
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7. First results of the BLF flight missions

dropsonde (1 Hz data). The potential temperature profiles agree very well and indicate the
strong stability of the inversion above

the shallow boundary layer. Larger m in g/kg
differences occur for the humidity pro-

shows high specific humidities in the 850 —
boundary layer and a marked decrease
at the capping inversion, the humidity

profile from the Lyman-a sensor (line 900 —
with triangles) shows a different beha- § .
viour. The Lyman-a profile reveals an g

= 950 —

unexpected peak at the top of the boun-
dary layer and lower humidity values in
the mixed layer. The latter can be attri- 1990 — m
buted to the coupling of the fast Lyman-

U L B

a data with the data of the slow 15 -10 -5 0
humicap humidity sensor, which is ne- 6 in deg C
cessary due to the drift of the Lyman-a dd in deg
sensor, but results in often too low 0 20 40 60
values of the coupled data. This is illu- 850 —
strated by the profile of the A
METEOPOD dew point mirror data dd
(line with circles), with are significantly 900 —
higher than the coupled Lyman-o data. & - ff
The peak at the inversion is also £ gz0 |
present, but is smeared out due to the o
slower response of the dew point mirror .
during the ascent of the aircraft. There-~ 1000 —]
fore, a re-evaluation of the aircraft , I ,
humidity data seems to be necessary. 5 10
ffin m/s

files. While the dropsonde profile 00 1.0

An interest%ng question was the quality Fig.7.2. Comparison of the vertical profiles of mixing
of the wind data from the GPS ratio (m), potential temperature (0), wind speed (ff) and
dropsonde. The comparison of the direction (dd) from METEOPOD and dropsonde data

. . . over the sea ice (lines without symbols: dropsonde; lines
curves in Fig.7.2 shows relative good with symbols: METEOPOD, see text).

agreement between the dropsonde and

the METEOPOD data both for the wind

speed and the wind direction. A comparison of details is difficult, because turbulent
fluctuations are included in the aircraft data on the one hand, while errors due to the
parachute oscillations are present in the dropsonde data on the other hand. The tests prior
to KABEG showed that the latter errors were around 1 m/s, which is larger than the error
expected from the GPS. In summary, the comparison shows that the dropsonde profiles of
all parameters are able to represent the mean boundary layer structure in the same way as
the aircraft temps with respect to mean quantities.
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7. First results of the BLF flight missions

The gradients in the boundary layer structure normal to the sea ice front are shown in

Fig.7.3, where the GPS dropsonde pro-
files for the sondes 3 (over the sea ice),
sonde 5 (at the sea ice idge) and sonde 6
over the ocean are displayed. The BLF

m in g/kg

0.0 1.0

structure can be seen as a pronounced L b
increase in inversion height from the 1400 z:z:
sea ice to the open water, which is 1200 — —h— Drops
associated with a marked increase inthe g 1000 —
wind speed. Relatively weak winds are £ 800 |
present at heights above 800 m. Apart 5 600
from the baroclinicity in the boundary £ -
layer a superimposed baroclinicity is 400 —
also present for layers above the 200— M 0
capping inversion (cf. also Fig.7.1). It 0 — UL I
should be noted that the length of the 15 10 - 0
cross-section is about 80 km. 9 indegC
dd in deg
0 20 40 60
7.2 Concluding remarks 1400
1200 ft dd
A total of 3 BLF flights were performed 1000
during KABEG. Only during April the E
conditions were favourate for the BLF o 800
program, while temperatures were too 2 600
high during May for establishing a T 44
strong air-sea temperature contrast. The
three flights were made during similar 200
low-level flow conditions, but under L e e N
different synoptic situations with 5 10 15 20
ffinm/s

respect to the flow above the boundary

layer (see Tab.5.1). As for the katabatic Fig.7.3. As Fig.7.1, but for the dropsonde data of sonde

wind flights, the quicklook data gives a 3 over the sea ice (thick lines), sonde 5 at the sea ice
first insight into the main structures, but edge (thin lines) and sonde 6 over the open water (lines

i with symbols).
a detailed investigation with the goal of
obtaining a full boundary layer budget will be left for future work.
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Abbreviations and References

8. Abbreviations

Al-A4
ACE
AVHRR
AWI
AWS
BAS

BH

BLF
BLF1-3
CEAREX
DLR

DMI
ECMWE
ERS
ERS-SCAT
GAC
GIMEX
GHRC
GPS
HRPT
IFREMER
IMAU

IR

WV
K1,2,3
KAL-9
KABEG
KUL
LAM25 (50)
LLJ

MFH
MIUB
MIZEX
MSFC
MW
NESDIS
NOAA
NORLAM
REFLEX
S

SH

SSM/I
Ul-U2
VIS

MIUB AWS on the ice sheet during KABEG

Arctic Cyclone Experiment

Advanced Very High Resolution Radiometer
Alfred-Wegener-Institut fiir Polar- und Meeresforschung

automatic weather station

British Antarctic Survey

barometric flight height

boundary layer front

BLF flight missions during KABEG

Coordinated Eastern Arctic Experiment

Deutsches Zentrum fiir Luft- und Raumfahrt

Danish Meteorological Institute

European Centre for Medium Range Weather Forecasts

European Remote Sensing Satellite

ERS scatterometer

Global Area Coverage AVHRR data

Greenland Ice Margin Experiment

Global Hydrology Resource Center

global positioning system

High Resolution Picture Transmission

Institut Francais de Recherche pour I'Exploitation de la Mer (Brest, France)
Institute for Marine and Atmospheric Research (Universitit Utrecht)
infrared

Integrated Water Vapour

katabatic wind flight programs near Kangerlussuaq, Angmassalik, Ilulissat
katabatic wind flight missions during KABEG

Katabatic wind and Boundary layer front Experiment around Greenland
Kulusuk

Limited-area model with horizontal resolution of 25 km (50 km)
low-level jet

minimum flight height

Meteorologisches Institut der Universitit Bonn

Marginal Ice Zone Experiment

Marshall Space Flight Center (Alabama, USA)

Microwave

National Environmental Satellite and Data Information Services (NOAA)
National Oceanic and Atmospheric Administration

NORwegian Limited Area Model

Radiation and Eddy Flux Experiment

tundra AWS near Kangerlussuaq

flight height relative to the surface

Special Sensor Microwave/Imager

IMAU AWS on the ice sheet near Kangerlussuag

visible
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Appendix

Appendix: Pictures of KABEG (made by C. Driie and G. Heinemann)

Fig.A2: Turbulence measuring device METEOPOD. Some sensors are indicated.
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Appendix

Fig.A3: Surface station S near Kangerlussuaq in April

Fig.A4: Surface station S near Kangerlussuaq in May
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Appendix

Fig.A5: AWS Al in May on the tundra
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Appendix

Fig.A7: AWS A3 on the inland ice

fo 5 % o

Fig.A8: AWS A4 on the inland ice
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