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1. Introduction
Summary from NERC grant proposal


Greenland has a major influence on the atmospheric circulation of the North Atlantic-Western Europe region; dictating the location and strength of mesoscale weather systems around the coastal seas of Greenland and directly influencing synoptic-scale weather systems both locally and downstream over Europe. High winds associated with the local weather systems can induce large air-sea fluxes of heat, moisture and momentum in a region that is critical to the overturning of the thermohaline circulation and so play a key role in controlling the coupled atmosphere-ocean climate system.


This project will investigate the role of Greenland in defining the structure and the predictability of both local and downstream weather systems, through a programme of aircraft-based observation and numerical modelling. The Greenland Flow Distortion Experiment (GFDex) will provide some of the first detailed in situ observations of the intense atmospheric forcing events that are thought to be important in modifying the ocean in this area (but are presently poorly understood): namely tip jets, barrier winds and mesoscale cyclones. It will also investigate Greenland’s role in atmospheric flow predictability by carrying out upstream observations that are “targeted” at investigating the sensitivity of the downstream flow to the details of the upstream flow and at improving subsequent forecasts over Europe. Numerical modelling case studies of the high-impact weather systems will be evaluated and refined using the observations, thus increasing our understanding of these systems and providing accurate fields of air-sea heat and moisture fluxes. Further numerical modelling will be used to assess any improvements in predictability from the additional observations. 

Objectives from NERC proposal

· Improve our understanding and ability to predict interactions between the atmospheric circulation and the topography of Greenland, both locally and downstream over Western Europe.

· Obtain hitherto rare in situ observations of high-impact weather systems and their associated air-sea fluxes in the coastal seas of Greenland.

· Improve the numerical modelling of these weather systems, testing (for example) the boundary-layer and turbulence parameterisations, and thus improving the quality of the atmospheric forcing fields that are essential for accurate atmosphere-ocean coupling and the thermohaline circulation.  

· Increase knowledge of the sensitivity of the large-scale downstream flow to the flow distortion caused by Greenland; thereby investigate the prediction of high-impact weather systems over Europe through the use of targeted observations upstream in sensitive areas of the flow.

Further details may be found on the project website:

http://lgmacweb.env.uea.ac.uk/e046/research/gfdex/index.htm
If that doesn’t work try Ian Renfrew’s website (and click on Research > GFD): 
http://www.uea.ac.uk/env/people/renfrew-i/
2. Logistics
GFDex is scheduled for 16 February to 13 March 2007, with the main detached location Keflavík in Iceland. The FAAM is scheduled to be in Iceland from 19 February to 12 March 2007.  

2.1  GFDex Science Personnel

	Name
	Role
	Institute
	Availability
	Team
	Hotel

	Ian Renfrew
	PI & mission scientist
	UEA
	All
	A
	S

	G. Nína Petersen
	Mission scientist
	UEA
	All
	   B
	

	Stephen Outten
	PhD student
	UEA
	19th to 4th  
	A
	

	Dave Sproson
	PhD student
	UEA
	1st to 12th
	A
	

	Sue Gray
	Targeted obs PI
	Reading
	
	A
	

	Emma Irvine
	PhD student – Target obs
	Reading
	
	A
	

	Kent Moore
	PI & mission scientist
	Toronto
	19th to 4th 
	   B
	Twin

	Tadayasu Oghiushi
	Postdoc
	Toronto
	All
	   B
	Twin

	Shunli Zhang
	Postdoc
	Toronto
	All
	   B
	

	Carling Hay
	PhD student
	Toronto
	All
	   B
	

	Jón Egill Kristjánsson
	EUFAR PI
	Oslo
	All
	   B
	

	Ivar Føre
	PhD student
	Oslo
	All
	   B
	

	PhD student?
	PhD student
	Oslo
	
	   B
	

	Haraldur Ólafsson
	EUFAR CoI
	Rey/Bergen
	All
	A
	yes

	Dave Kindred
	EUFAR liason
	Met Office
	All
	
	

	Erik Kolstad
	Norwegian-THORPEX observer
	Bergen
	19th to 25th 
	
	

	Idar Barstad
	Norwegian-THORPEX observer
	Bergen
	24th to 3rd 
	
	

	Mel Shapiro
	THORPEX observer
	UCAR
	
	
	

	Alan Thorpe
	VIP
	NERC
	None
	
	

	Bob Pickard
	Project Partner – Ocean obs
	WHOI
	None
	
	

	Tom Haine
	PP – Ocean modelling
	JHU
	3rd – 10th  
	
	


Project Partners:

Met Office (THORPEX team) – Contacts: Richard Swinbank, Keir Bovis, Richard Dumelow
ECMWF – Contacts: Andy Lawrence
2.2 GFDex Details

2.2.1 GFDex Schedule – February to March 2007
· There are 18 potential flying days. 
· Flight restrictions will require 2 consecutive days off, plus at least 1 other day off during the detachment
	Day
	Date
	Month
	Activity
	Comment

	Friday
	16
	February
	Pack up at Cranfield
	

	Saturday
	17
	
	off
	

	Sunday
	18
	
	off
	

	
	19
	
	Transit to Keflavík
	

	
	20
	
	Set up
	

	
	21
	
	1 - Potential Flying Days
	

	
	22
	
	2
	

	
	23
	
	3
	

	Sat
	24
	
	4
	

	Sun
	25
	
	5
	

	
	26
	
	6
	

	
	27
	
	7
	

	
	28
	
	8
	

	
	1
	March
	9
	

	
	2
	
	10
	

	Sat
	3
	
	11
	

	Sun
	4
	
	12
	

	
	5
	
	13
	

	
	6
	
	14
	

	
	7
	
	15
	

	
	8
	
	16
	

	
	9
	
	17
	

	Sat
	10
	
	18
	

	Sun
	11
	
	Pack up at Keflavík
	

	
	12
	
	Transit to Cranfield
	


2.2.2 GFDex resources
· 71 flying hours (including transits between the UK and Iceland): 62 flying hours (NERC) plus 9 hours (EUFAR). 

· 141 dropsondes: 50 (NERC), 40 (CFCAS, Canada), 16 (EUFAR) and 25 (EUCOS).
2.2.3 GFDex preliminary campaign plan
	Mission aim
	No. missions
	Flight plans
	Flight hours
	Mission sondes
	Transit

sondes
	Total sondes

	Tip jet
	1
	1+2
	9
	15+4
	4
	23

	Reverse tip jet
	1
	10
	6
	12
	3
	15

	Barrier wind south
	2
	21
	2x5.5 = 11
	11
	1
	24

	Barrier wind north
	2
	31
	2x5 = 10
	13
	0
	26

	Mesoscale cyclone
	2
	40
	2x5.5 = 11
	12
	1
	26

	Targeted observations
	4
	100
	4x5 = 40
	12
	0
	48

	Totals
	12
	-
	67
	
	
	162


Note: this is an example, it is likely some aims will not be realised and other aims will have more missions.
2.2.4 Detachment information
Keflavík, Iceland (63o 59.1’ N, 22o 36.3’ W); Main alternate: Reykjavík (64o 07.8’, 21o56.4’) 

Basic METAR weather statistics using METAR 30 &60 min observations: 
· K: Visibility ≤ 2000 m 1.6% of the time, usually due to PPN, e.g. snow showers. 

· K: Visibility < 2000 m 1% of the time. 

· R: Visibility ≤ 2000 m 4.1% of the time

· R: Visibility < 2000 m 2.6% of the time.

· K: Freezing fog or precipitation events: 5 in 10 years, i.e. very rare.

· R: Freezing fog or precipitation events: 4 in 10 years, i.e. very rare.
“Basically I think we are looking at on average few events of visibility<2000 m and/or cloud base<500 ft, and as these events are mainly due to precipitation, not fog, they don't last long.” – Nina Petersen.

Kangerlussuaq, Greenland (67o 01.0’, 50o, 41.4’)

No detailed meteorological analysis has been carried out.

Narsarsuaq, Greenland (61o 09.6’, 45o 25.5’)

Narsarsuaq is proposed as an alternate and as a refueling stop during a two-flight tip jet mission. Hence we have examined weather conditions at Narsarsuaq when there are tip jets taking place off Cape Farewell. Tip Jets were identified for January-March 2004-2006 via the QuikSCAT satellite data base. We then obtained METARS for Narsarsuaq for these days. Using the criteria that we cannot land at Narsarsuaq if the visibility < 3km or the ceiling is lower than 4000 feet, the relevant results are:

	Year
	No. days
	No. observations
	Obs per day
	Vis<3 km
	Ceiling<4000 ft

	2004
	20
	261
	13
	6 (2%)
	70 (27%)

	2005
	7
	46
	7
	1 (2%)
	3 (7%)

	2006
	15
	294
	20
	20 (7%)
	58 (20%)



There are relatively few days with low visibility and they all, except for one foggy day, also have a ceiling less than 4000ft. In other words, the ceiling criteria is the potential show-stopper. The tables shows that, on average, Narsarsuaq would be unsuitable for refuelling 20-27% of the time during tip jet events. The implication is that it will be suitable 70-80% of the time.

To be more detailed:

· In 2004 the 70 low ceiling observations are mainly from 8 days, 2 of them having low ceiling during most of the day.

· In 2006 the 58 observations of low ceiling are basically from 5 days with continuous low cloud cover, 2 of them for with low ceiling during most of the day.
· Hence in total 29/42 days appear to be suitable for landing at Narsarsuaq.

· In 62% of the tip-jet observations from 2006 the ceiling is high or the skies clear.
In summary: During westerly tip jets, Narsarsuaq appears to be suitable as a refuelling stop approximately 70% of the time. Note: during the FAAM flight to Narsarsuaq Alan Roberts reported that ground handling agents had strong reservations about stopovers, due to the possibility of high winds and there not being a hangar.
2.2.5 Almanac

	17.02.2007
	Sunrise/Sunset (h:min) UTC
	Civil twilight (h:min) UTC
	Length of visible light (h:min)
	Length of day     

  (h:min)

	Keflavík
	  9:20 / 18:10
	  8:29 / 19:01
	     10:32
	     8:50

	Narsarsuaq
	10:39 / 19:53
	  9:54 / 20:39
	     10:45
	     9:14

	Kangerlussuaq
	10:49 / 19:09
	  9:51 / 20:07
	     10:16
	     8:20


	13.03.2007
	Sunrise/Sunset (h:min) UTC
	Civil twilight (h:min) UTC
	Length of visible light (h:min)
	Length of day     

  (h:min)

	Keflavík
	  7:57 / 19:24
	  7:10 / 20:11
	     13:01
	    11:27

	Narsarsuaq
	  9:26 / 20:58
	  8:43 / 21:41
	     12:58
	    11:32

	Kangerlussuaq
	  9:14 / 20:36
	  8:21 / 21:29
	     13:08
	    11:22


Data retrieved from U.S. Naval Observatory:  http://aa.usno.navy.mil/data/docs/RS_OneDay.html
2.3 FAAM information
FAAM, the Facility for Airborne Atmospheric Measurement, is a BAe 146 jointly owned and operated by the UK’s Natural Environment Research Council (NERC) and the UK Met Office. Details of the facility can be found at http://www.faam.ac.uk/
2.3.1 Capabilities

For GFDex the aircraft will be operating with quite a “striped down” instrument suite, to allow the maximum possible range. This amounts to “core” instruments only, i.e. basic meteorology, turbulence, basic cloud physics and basic radiation instruments at flight level; GPS dropsondes, etc (see details below). This set up should allow ranges of up to 1800 nm and 6 hours duration. Note that the FAAM is calibrated to fly at a science speed of 200 knots, but can cruise at speeds up to around 300 knots. At 300 knots most met. instruments will still provide reliable data, but not the turbulence probe or cloud physics instruments.  
2.3.2 Instrumentation
Table taken from FAAM website. All instruments are “core”, except the CPI.

	Name
	Instrument
	Measures
	Provider 
	Comment

	AVAPS 
	Airborne Vertical Atmospheric Profiler System (Dropsonde). 
	Profiles of pressure, temperature, relative humidity, wind speed and direction 
	FAAM 
	

	BBR 
	Broad Band (pyranometers and pyrgeometers) Radiometers 
	0.3 - 3µm hemispheric irradiance
0.7 - 3µm hemispheric irradiance
4 - 50µm hemispheric irradiance 
	FAAM 
	

	Cloud Physics 
	Console 
	Signal processing for wing canister pylon instruments 
	FAAM 
	

	FFSSP 
	Fast Forward Scattering Spectrometer Probe (PMS canister instrument) 
	1-second averaged values of: droplet number concentration, liquid water content, mean volume radius, effective radius and droplet size spectrum (1 - 47µm) 
	FAAM 
	

	PCASP 
	Aerosol Size Spectrum optical probe (PMS canister instrument) 
	Aerosol partcle concentration, mean volume radius and size spectrum (0.1 - 3µm) 
	FAAM 
	

	2D-C 
	Two Dimension Cloud particle imaging probe (PMS canister instrument) 
	Particle number concentration, condensed water content, mean volume radius, precipitation rate and size spectrum (25 - 800µm) 
	FAAM 
	

	2D-P 
	Two Dimension Precipitation particle imaging probe (PMS canister instrument) 0.2 Hz averages 
	Particle number concentration, condensed water content, mean volume radius, precipitation rate and size spectrum (200 - 6400µm) 
	FAAM 
	

	CO 
	AL5002 Carbon Monoxide instrument on Core Chemistry rack (Air sample pipe instrument) 
	Carbon monoxide (CO) 
	FAAM 
	

	CPC 
	TSI 3025A Condensation Particle Counter. Formerly known as CNC. 
	Condensation Particles 
	FAAM 
	

	Core Consoles 
	Data recording and communication systems. Inertial Navigation Unit. 
	
	FAAM 
	

	Filters 
	Millipore 47 and 90mm membrane filters. 
	Sample collection provision only 
	FAAM 
	

	General Eastern 
	Hygrometer 
	Water Vapour (damp atmosphere) 
	FAAM 
	Response time of secs

	GPS 
	Patch (ex MRF) 
	Aircraft position, velocity and time standard 
	FAAM 
	

	Heimann 
	Downward facing radiometer 
	Brightness Temperature (8 - 14µm.) 
	FAAM 
	

	INU 
	Inertial Navigation Unit 
	Aircraft velocity components, Attitude, Attitude Rates, Ground Speed and Drift angle. Position and Acceleration 
	FAAM 
	

	Johnson Williams 
	Liquid Water Content Probe 
	Concentration of liquid water in clouds 
	FAAM 
	

	Nephelometer 
	(Rosemount pair inlet instrument). 
	Total scattering and hemispheric backscattering`coefficient at three visible wavelengths (450, 550 and 700nm) 
	FAAM 
	

	Nevzorov 
	Liquid and Total Water Content Probe 
	Liquid and total water in clouds 
	FAAM 
	

	PSAP 
	Particle Soot Absorption Photometer (Rosemount pair inlet instrument) 
	Black carbon 
	FAAM 
	

	NOx 
	TECO 42 chemiluminescence instrument to measure NO, NO2 and NOX on Core Chemistry rack (Air sample pipe instrument) 
	NO, NO2 and NOX 
	FAAM 
	

	OZONE 
	TECO 49 UV photometric instrument on Core Chemistry rack (Air sample pipe instrument) 
	Ozone (O3) 
	FAAM 
	

	RadAlt 
	Radar Altimeter
	Altitude 
	FAAM/
BAe 
	

	RVSM 
	Reduced Vertical Separation Minimum system used by the Turbulence Probe. 
	Static and pitot-static pressures, pressure altitude and Indicated Air Speed. 
	FAAM/
BAE 
	

	Rosemount 
	Temperature Sensors 
	Temperatures (De-iced and non-de-iced) 
	FAAM 
	32 Hz

	SATCOM C 
	communication equipment 
	- 
	FAAM 
	

	SID1
	Small Ice Detectors (PMS canister)
	Spherical equivalent size spectrum (1-50 μm)
	Met Office
	Probably?

	TWC 
	Total Water Content Probe 
	Water (H2O) 
	FAAM 
	32 Hz

 broken  06/06 

	Turbulence Probe. 
	(See also RVSM). 
	Air speed and incidence angle 
	FAAM 
	32 Hz

	Video Cameras 
	Upward, Downward, Forward and Rear view cameras 
	Video Recordings 
	FAAM
	

	CPI
	Stratton Park Engineering Company (SPEC) Cloud Particle Imager 
	Images, counts and sizes of ice crystals
5 - 2300µm diameter
	Manchester
/UFAM
	Contingent on funding


2.3.3 Derived variables
· Variables are generally recorded at their maximum observation frequency. I think core instruments are time-stamped every 1 second. 
· Turbulent fluxes can be calculated from the turbulence probe, the Rosemount temperature probes and the TWC (total water content) probe. Fluxes are not calculated by the FAAM.

· The turbulence probe gives (u,v,w) at 32 Hz and recent experiments have shown w’ has the expected frequency response. However, due to physical constraints (a bias in the angle of attack) there is a permanent non-zero w component.

· The Rosemount may need “corrections” to improved the response time of the instrument – software may be available (contact: Phil Brown, UKMO) – see McCarthy (1973), Nicholls (1978).
· The TWC works by evaporating condensate and then using a Lyman-alpha spectrometer. It is currently not working and needs development and maintenance. It needs to be calibrated during an ascent/descent against the General Eastern instrument; this calibration is currently not automatic and requires flagging cloud. It should give a high response rate. 

· Note flying at science speed (200 knots ~ 100 m s-1) means a 1 minute time average will cover approximately 6 km.

2.3.4 Flight restrictions
Details in the FAAM handbook – see http://www.faam.ac.uk/ and “Using FAAM”. Briefly: 

· To fly on the FAAM you need a DirectFlight security pass 
If you don’t have one, please apply for one in good advance of the campaign. 
· The minimum rest period between each flying duty period (FDP) is 12 hours or the length of the previous FDP, whichever is greater.

· Crew will not be on duty more than 7 consecutive days between days off

· Crew need to have 2 days off in any consecutive 14 days

· FDP lengths are determined by local start time and sector (sector being number of flights per FDP):
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2.3.5 Mission timelines
Typical mission timeline for one 5 hour flight in a FDP. Total FDP is about 8.5 to 9 hours.

	Time (h)
	Activity
	Comment

	T-3
	Crew and Scientists assemble
	

	T-2
	Mission briefing
	All on mission must attend

	T
	Take off Keflavík
	

	T to T+5
	Mission
	

	T+5
	Landing Keflavík
	

	T+5.5
	Post-flight debrief
	


Typical mission timeline for two flights in a FDP, e.g. refueling in Narsarsuaq. Total FDP 13.25 h.
	Time (h)
	Activity
	Comment

	T-3
	Crew and Scientists assemble
	

	T-2
	Mission briefing
	All on mission must attend

	T
	Take off Keflavik
	

	T to T+4.5
	Mission – flight 1
	e.g. tip jet plan 3 or plan 5

	T+4.5
	Landing Narsarsuaq
	

	T+4.5 to T+6
	Refuel
	

	T+6
	Take off Narsarsuaq
	

	T+6 to T+10.25
	Mission – flight 2
	e.g. tip jet plan 4

	T+10.25
	Landing Keflavik
	

	T+10.5
	Post-flight debrief
	


2.4 Activity Roster
Below is a provisional activity roster, based on two teams. Activities will need to be reset to account for days off, double flights, etc.

	
	
	
	Team A
	Team B

	Day
	UTC
	Information
	Time
	Activity
	Time
	Activity

	Day 1
	0300
	00Z forecast
	T-31
	
	
	

	FDP starts
	0700
	
	
	
	
	

	
	0800
	
	
	
	
	

	
	0900
	
	T-25
	Flight planning,

Decide mission scientists
	
	

	
	1000
	
	
	
	
	

	
	1500
	12Z forecast
	T-21
	Revise flight plans
	
	

	FDP ends
	1800
	
	T-18
	Decision point
	
	

	Day 2
	0300
	00Z forecast
	T-7
	
	T-31
	

	FDP starts
	0700
	
	T-3
	Revise flight plans
	
	

	
	0800
	
	T-2
	Mission briefing

File flight plans
	
	

	
	0900
	
	
	
	T-25
	Flight planning,

Decide mission scientists

	
	1000
	
	T
	Take off Keflavík
	
	

	
	1500
	12Z forecast
	
	
	
	Revise flight plans

	
	1700
	
	T+5
	Land Keflavík
	
	

	
	1730
	
	T+5.5 
	Debrief
	
	

	FDP ends
	1800
	
	
	
	T-18
	Decision point

	Day 3
	0300
	00Zforecast
	T-31
	
	T-7
	

	FDP starts
	0700
	
	
	
	T-3
	Revise flight plans

	
	0800
	
	
	
	T-2
	Mission briefing

File flight plans

	
	0900
	
	T-25
	Flight planning,

Decide mission scientists
	
	

	
	1000
	
	
	
	T
	Take off Keflavík

	
	1500
	12Z forecast
	T-21
	Revise flight plans
	
	

	
	1700
	
	
	
	T+5
	Land Keflavík

	
	1730
	
	
	
	T+5.5 
	Debrief

	FDP ends
	1800
	
	T-18
	Decision point
	
	


3. Weather Forecasting Support

We aim to have a project website, set up and maintained by the THORPEX group at the UK Met Office. UK Met Office forecast model graphics and dedicated sensitive area prediction graphics will be posted to the website. Hopefully ECMWF products will also be posted there. Icelandic Met Service products (HIRLAM 15 km regional simulations) will be made available via a website too.
3.1 Model Products
Met Office products

· Graphics at 3 hour resolution and for a 5 day forecast.

· High priority: msl pressure, 500-mb height, surface winds, high/medium/low cloud amounts

· Medium priority: surface temperature, 925-mb winds, PV on tropopause or a θ level.
· ETKF sensitive area predictions for several regions. The 12z forecast SAPS will be available first thing, e.g. 08 UTC, and the 00z SAPS will be available as updates, later in the working day around 12 UTC. 
For 00z forecast: SAPS available at ~12UTC.  
Targeting time of T+36 and T+60 (for possible flights during following day or day after). 
Targeting to Verification times of 24, 36 and 48 hours? 
For 12z forecast: SAPS available at ~24UTC 
Targeting time of T+48 and T+72 (for possible flights during following day or day after). 
Targeting to Verification times of 24, 36 and 48 hours? 

ECMWF  products

· Singular vector sensitive area predictions: for several regions and 36-72 hours verification times.

Icelandic Met Service

· Standard forecast products will be made available to us via a website or something.
The following are publicly available:

	Model Products
	Website
	

	CMC Global maps
	http://weatheroffice.ec.gc.ca/charts/index_e.html
	

	
	
	


3.2 Satellite Products
The following are publicly available:
	Satellite Products
	website
	website

	AVHRR
	http://www.sat.dundee.ac.uk/auth.html
	

	MODIS
	http://www.sat.dundee.ac.uk/auth.html
	http://modis.gsfc.nasa.gov/index.php

	Quikscat
	http://www.ssmi.com/qscat/qscat_browse.html
	

	Meteosat
	http://www.sat.dundee.ac.uk/pdus.html
	http://www.eumetsat.int/

	AVHRR & GOES via CMC
	http://weatheroffice.ec.gc.ca/satellite/
	

	GOES
	http://www.goes.noaa.gov/
	

	Passive microwave sea ice
	http://science.natice.noaa.gov/products.htm
	http://www.dcrs.dtu.dk/DCRS/

	Sea ice charts
	http://www.dmi.dk/dmi/index/gronland/iskort.htm
	

	
	
	


4. Flight Plans
Flight plans described here should be regarded as templates, rather than geographically fixed, especially for the more “weather-dependent” phenomena, such as mesoscale cyclones and targeted observations. For the more “geographically-tied” objectives, such as tip jets and barrier winds, these plans should be close to what we hope to fly. 
In general the missions to investigate the local weather systems will include a high-level dropsonde component, to map out the general structure of the system, and a low-level boundary-layer component, to measure the boundary-layer structure and associated air-sea turbulent fluxes. In some missions it should be possible to combine the high-level flight component with a set of targeted observations for that time; in other missions the aircraft will be used exclusively for mesoscale weather system aims. For periods of the field campaign when there are no high-impact weather system goals, missions for exclusively targeted observations will be planned. 
In terms of climatology, an analysis of synoptic meteorological stations around the coast of Greenland by Pickart et al. (2003b) showed that in December-March, tip-jet events occur roughly every 10 days and last around 3 days. An analysis of wintertime QuikSCAT surface winds over the ocean by Moore and Renfrew (2004), using a high threshold (wind speeds > 25 m s-1), found the probability of occurrence of tip jets or reverse tip jets was around 15% and barrier winds around 12%. Harold et al. (1999), using infra-red satellite observations to find cyclonic cloud structures, found the region between Greenland and Iceland to be one of relatively high mesoscale-cyclogenesis and relatively high cyclone density; while Klein and Heinemann (2002) cite anecdotal evidence for the high frequency of mesoscale cyclones forming and affecting the SE coast of Greenland, around 65oN. Thus there is evidence that during a 3-week wintertime field campaign, between 5-10 high-impact weather systems will occur and, even though some may not be well-forecast, there should be ample opportunities for research flights into some of these events.

Notes
· In the following flight plans distances are accurate (rhumb line) distances. Times for “on task” parts of missions should be reasonably accurate as generally Science speed (200 knots) is assumed. Times for transits are estimates, based on distances and the draft flight plans Alan Foster (Pilot) drew up in May 2006 at the Cranfield meeting.

· Cape Farewell is at the limit of the FAAM’s range, so for tip jet flights, we are likely to try two flights in one FDP and refuel in Greenland at Narsarsuaq. Note the need to have 1 hour 16 min fuel (to cover 375 nm) to enable Kangerlussuaq as an alternate for Narsarsuaq.
· Optimising range: “Normally the best range height for the aircraft is FL270 at 220KIAS in still air.  In a head wind it is better to fly slightly faster (up to 240KIAS) and slightly slower in a tail wind (210KIAS).  The latter is better for endurance i.e. staying in the air as long as possible when you are not interested in how far you go.  Further, Ian if you remember when I did those flight plans it is better to initially climb to a lower level, say FL200, to save the engines being at high power and burning fuel at high aircraft weight.  As the aircraft gets lighter the climb to height is quicker and less fuel is used” – Alan Foster (Pilot).
· Another factor in optimising range will be keeping the aircraft’s weight as low as possible, hence the stripped down instrument fit. This also means the number of mission scientists on board each sortie will have to be kept reasonably small, especially for the longer flights. Perhaps only 2 or 3 for longer flights, 3 or 4 for shorter flights. 
4.1 Tip Jets

These are strong low-level jets that occur in the Cape Farewell area and are caused by flow being forced over and around the topographic barrier.  Low-level wind speeds can be up to 50 m s-1. They tend to occur with a low-pressure system located between Cape Farewell and Iceland (see Figs. 1 & 2). It should be straightforward to forecast them 2-3 days in advance. The synoptic situation suggests Narsarsuaq is likely to be relatively cloud free. 
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Figure 2 Composite of 10 m winds and msl pressure for westerly tip jet events, from NCEP reanalysis data (from Moore, GRL, 2004).
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Figures 3 and 4 Two cases of tip jet events, as seen by QuikSCAT surface winds (every 2nd plotted), with sample flight plans overlaid.
Aims

· Map out 3D structure of tip jet using a mixture of high-level and low-level legs

· High-level legs between 15-25 kft, straight and level, some perpendicular to jet axis
· Dropsonde sampling every 20-30 nm (30-50 km) 
· Low-level legs ~100 ft (or lowest workable level), straight and level, generally across jet.
· To cover Cape Farewell area, both over sea and land, to enable assessment of flow splitting
· Planned as a two flight mission with a refueling stop at Narsarsuaq (need clear skies there)
· On passage, dropsondes (outside sensitive areas?) every 100-150 nm 
Tip Jet – Flight Plan 1
[image: image12.emf]
	GFD1
	Time
	Manoeuvre
	Distance (nm)
	Duration 

(min)
	Total time 

(min)

	1
	
	Take off Keflavík, transit to 61N,42W. 
Dropsonde releases on transit every 150 nm – 3 on this run.
	568
	~120
	~120

	2
	
	Straight level run at 20-25 kft, approximately south, perpendicular to tip jet axis, for about 150 nm. 
Science speed.
Dropsonde releases every 30 nm (every 9 minutes) – 6 on this run.
	150
	45
	165

	3
	
	Westerly run to 58.5N, 46W.
Science speed or maximum-range speed.
	126
	~38
	~203

	4
	
	Straight level northerly run, parallel to previous dropsonde leg, for about 150 nm. Science speed.
Dropsonde releases every 30 nm (9 minutes) – 6 on this run.
	150
	45
	248

	5
	
	Transit and descent to Narsarsuaq.
	10
	~12
	~260


Tip Jet – Flight Plan 2
[image: image13.jpg]



	GFD2
	Time
	Manoeuvre
	Distance (nm)
	Duration 

(min)
	Total time 

(min)

	1
	
	Take off Narsarsuaq, transit to 59.8N, 44W.
	143
	~45
	~45

	2
	
	Straight low-level run at 100 ft (or lowest-workable level).  Approximately south, perpendicular to tip jet axis, for about 80 nm (to 58.5N, 44W). 
Science speed.
	80
	24
	69

	3
	
	Short run at low-levels to about 58.5N 43W.
	30
	9
	78

	4
	
	Straight low-level run at 100 ft (or lowest-workable level).  Approximately north, perpendicular to tip jet axis, for about 80 nm. 
Parallel to run 2. 

Science speed.
	80
	24
	102

	5
	
	Short run at low-levels to about 58.8N 42W.
	30
	9
	111

	6
	
	Straight low-level run at 100 ft (or lowest-workable level).  Approximately south, perpendicular to tip jet axis, for about 80 nm. 

Parallel to run 2. 

Science speed.
	80
	24
	135

	7
	
	Profile ascent and 180o turn at 58.5N 42W. 
	5
	5
	140

	8
	
	Straight level run at 15-20 kft, approximately north, perpendicular to tip jet axis. Overlying run 6. 

Science speed.
Dropsonde releases every 30 nm (every 9 minutes) – 4 on this run.
	90
	27
	167

	9
	
	Transit to Keflavík.
	597
	~130
	297


4.2 Reverse tip jets
These are strong easterly low-level jets that occur in the Cape Farewell area. Low-level wind speeds can be up to 50 m s-1. The tend to occur with a low-pressure system located south of Cape Farewell (see Figs. 5 & 6). It should be straightforward to forecast them 2-3 days in advance. Synoptic situation suggests that Narsarsuaq is likely to be cloudy, hence cannot be used as a refueling stop. 
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Figure 7 A case of a reverse tip jet event, as seen by QuikSCAT surface winds (every 2nd plotted), with sample flight plans overlaid.
Aims
· Map out 3D structure of reverse tip jet using high-level and low-level legs
· Map out near-surface winds and associated air-sea turbulent fluxes

· High-level legs between 15-25 kft, straight and level, generally perpendicular to jet axis

· Dropsonde sampling every 20-30 nm (30-50 km)

· On passage dropsondes (outside sensitive areas?) every 100-150 nm 

Reverse Tip Jet – Flight Plan 10
[image: image19.emf]
	GFD10
	Time
	Manoeuvre
	Distance (nm)
	Duration 

(min)
	Total time 

(min)

	1
	
	Take off Keflavík, transit to 61.5N,42W .
Dropsonde releases on transit every 150 nm – 3 on this run.
	554
	~120
	~120

	2
	
	Straight level run at 20-25 kft, at approx 120o from N, perpendicular to jet axis. 
Ideally Science speed, but most efficient speed for long range is also possible.
Dropsonde releases every 25-30 nm (4 in total).
	65
	~20
	~140

	3
	
	Straight level run at 20-25 kft to approximately 59.5N, 41W.
	95
	~30
	~170

	4
	
	Straight level run at 20-25 kft, at approx 300o from N, perpendicular to jet axis. Parallel to run 2.
Dropsonde releases every 25-30 nm (4 in total).
	67
	~20
	~190

	5
	
	Straight level run at 20-25 kft, approx South, perpendicular to jet axis, to about 58.5N, 43W.
Dropsonde releases every 25-30 nm (4 in total).
	90
	~27
	~217

	6
	
	Transit to Keflavík.
	675
	~140
	~357


Note: Can be replanned to include only the 2 parallel dropsonde legs to reduce the range. In other words, missing leg 5.
4.3 Barrier Winds (Denmark Strait South)
Barrier winds are thought to be geostrophically balanced jets running parallel to the barrier, in this case the high topography of Greenland, in a north-westerly direction. They tend to occur in the Denmark Strait south location when there is a low-pressure system located between Cape Farewell and Iceland (see Fig. 8). Hence they can occur concurrently with westerly tip jet events (Figs. 2 & 9). It should be straightforward to forecast them 2-3 days in advance.
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Figure 9 (Below) A case of a barrier wind event, as seen by QuikSCAT surface winds (every 2nd plotted), with sample flight plans overlaid. Note there is a westerly tip jet event at this time too.
Aims
· Map out 3D structure of barrier winds using a mixture of high-level and low-level legs
· Map out near-surface winds and associated air-sea turbulent fluxes

· Measure contrast across sea-ice edge, if possible

· High-level legs between 20-25 kft, straight and level, generally perpendicular to jet axis

· Dropsonde sampling every 20-30 nm (30-50 km)

· Low-level legs ~100 ft (or lowest workable), straight & level, generally across the jet axis
· On passage, dropsondes (outside sensitive areas?) every 100-150 nm 
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Barrier Winds south – Flight Plan 21
	GFD21
	Time
	Manoeuvre
	Distance (nm)
	Duration 

(min)
	Total time 

(min)

	1
	
	Take off Keflavík, transit to 64.5N, 34W. 
Dropsonde releases on transit every 150 nm – 1 on this run.
	~300
	~75
	~75

	2
	
	Straight level run at 20-25 kft, at approx 300o from N, perpendicular to jet axis. 
Science speed.
Dropsonde releases every 30 nm (6 in total).
	150
	45
	120

	3
	
	High-level leg to 64.5N, 40.5W.
	86
	26
	146

	4
	
	Straight level run at 20-25 kft, at approx 120o from N, parallel to dropsonde leg (manoeuvre 2).
Dropsonde releases every 25 nm (5 in total).
	100
	30
	176

	5
	
	Profile descent (at 2000 fpm ?).
	
	10
	186

	6
	
	Straight low-level run, underneath run 4, at 300o from N.  Science speed.
	90
	27
	213

	7
	
	Straight low-level run, at approx 30o from N, into barrier wind jet.
	50
	15
	228

	8 
	
	Straight low-level run, at approx 120o from N, across barrier wind jet, perpendicular to 6.
	90
	27
	255

	9
	
	Transit to Keflavík.
	350
	~75
	~330


Note: Estimates of “on task” time provided by Alan Foster in May 2006 were around 2 hour 36 minutes for missions in this area. The above has an on task time of 2.84 hours, so may need trimmed a little. Perhaps leg 3 shortened so parallel dropsonde legs are closer.

4.4 Barrier Winds (Denmark Strait North)
[image: image24.emf]Barrier winds are thought to be geostrophically balanced jets running parallel to the barrier, in this case the high topography of Greenland, in a north-westerly direction. They also occur in the Denmark Strait north location when there is a low-pressure system located over Iceland (see Fig. 10). It should be straightforward to forecast them 2-3 days in advance.
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Figures 11 and 12 Two cases of a barrier wind event at Denmark Strait North, as seen by QuikSCAT surface winds (every 2nd plotted), with sample flight plans overlaid.
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Aims
· Map out 3D structure of barrier winds using a mixture of high-level and low-level legs

· Map out near-surface winds and associated air-sea turbulent fluxes

· Measure contrast across sea-ice edge, if possible

· High-level legs between 20-25 kft, straight and level, generally perpendicular to jet axis

· Dropsonde sampling every 20-30 nm (30-50 km)

· Low-level legs ~100 ft (or lowest workable), straight & level, generally across the jet axis.

Barrier Winds north – Flight Plan 31
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	GFD31
	Time
	Manoeuvre
	Distance (nm)
	Duration 

(min)
	Total time 

(min)

	1
	
	Take off Keflavík, transit to 67N, 22W. 
	180
	~40
	~40

	2
	
	Straight level run at 20-25 kft, at approx 320o from N, perpendicular to jet axis. 
Science speed ideally.
Dropsonde releases every 30 nm (6 in total).
	150
	45
	85

	3
	
	High-level leg to 68N, 32W.
	145
	40
	125

	4
	
	Straight level run at 20-25 kft, at approx 140o from N, parallel to earlier dropsonde leg (manoeuvre 2).
Dropsonde releases every 30 nm (7 in total).
	200
	60
	185

	5
	
	Profile descent to ~100 ft at approx 65N, 25W.
	30
	10
	195

	
	
	Low-level at approx 320o from N, underneath previous dropsonde leg (4) for approx 150 nm.
Science speed.
	150
	45
	240

	6
	
	Short low-level run, parallel to coast, at approx 230o from N.
	30
	10
	250

	7
	
	Low-level run at 140o from N, parallel to earlier low-level run (to about 66N, 24.8W).
Science speed.
	100
	30
	280

	8 
	
	Transit to Keflavík.
	140
	30
	310


4.5 Mesoscale cyclones
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Mesoscale cyclones (or polar lows) are sub-synoptic scale cyclones found poleward of the main baroclinic zone. They are typically 100-500 km in scale, and short-lived lasting only 1-2 days. This makes them difficult to forecast and observe. Iceland is relatively close to two areas that are climatologically prevalent to mesoscale cyclones (Fig. 13). 
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Synoptic-scale situation & forecasting
· Westerly flow off SE Greenland coast i.e. low pressure system around NE coast of Iceland (Fig. 14)

· Northerly flow in Denmark Strait, off the sea ice, i.e. low pressure system to north of Iceland (Fig. 15)

 Figures 14 and 15 MSL pressure maps of two different cases of mesoscale cyclone development, taken from Klein and Heinemann, Met Apps. (2002), their Fig 7 and 13.
[image: image32.png]EUF y
Europeen Feet

for A
Recearen



[image: image33.png]G=




Figure 16  Infra red satellite images of various types of mesoscale cyclone in the region between SE Greenland and Iceland, from Klein and Heinemann (2002).

Aims
· Map out 3D structure of mesoscale cyclone using a mixture of high-level and low-level legs

· Map out near-surface winds and associated air-sea turbulent fluxes

· High-level legs between 15-25 kft, straight and level

· Dropsonde sampling every 20-30 nm (30-50 km)

· Low-level legs ~100 ft (or lowest workable level), straight & level

· On passage dropsondes (outside sensitive areas?) every 100-150 nm 

Mesoscale cyclones – Flight Plan 40


	GFD40
	Time
	Manoeuvre
	Distance (nm)
	Duration 

(min)
	Total time 

(min)

	1
	
	Take off Keflavík, transit to 62N, 30W. 
Dropsonde releases on transit every 150 nm – 1 on this run.
	235
	~60
	~60

	2
	
	Straight level run at 20-25 kft, going north.
Science speed ideally.
Dropsonde releases every 25 nm (6 in total).
	120
	36
	96

	3
	
	High-level leg at 270o from N.
	100
	30
	126

	4
	
	Straight level run at 20-25 kft, doing south, parallel to earlier dropsonde leg.
Dropsonde releases every 25 nm (6 in total).
	120
	36
	162

	5
	
	Profile descent to ~100 ft. 
	20
	10
	172

	6
	
	Straight low-level run, at approx 40o from N.
Science speed.
	100
	30
	202

	7
	
	Straight low-level run, at 270o from N.
	70
	21
	223

	8 
	
	Straight low-level run, at approx 220o from N, perpendicular to earlier leg (manoeuvre 6).
	100
	30
	253

	9
	
	Profile ascent and transit to Keflavík.
	250
	~60
	313


4.6 Targeted observations
· Areas of forecast sensitivity commonly occur within aircraft range of Iceland for verification areas over Europe (Fig. 17).

· Several exclusive targeted observation missions will be flown as part of IPY-THORPEX:

· When sensitive areas are within range (e.g. Fig. 18)

· When no “weather system” events are forecast 
· ETKF sensitive area predictions (SAPs) will be provided by the UK Met Office 

· Singular vector sensitive area predictions will be provided by the ECMWF 

· Dropsonde releases from “weather system” missions, both “on task” and “on transit” (funded by EUCOS) will also form part of the targeted observations data set

· It is anticipated that some will coincidently fall within SAPs
· Those that do not will act as additional “random distribution” observations and so can be used as controls in the impact assessment studies.


Figure 17 Areas where an improvement in the

analysis would have produced an improvement in the 48-hour forecast over Northern Europe (10W-35E, 45N-65N), averaged over a three-month period for winter 1999-2000 (taken from the Atlantic Regional THORPEX operations plan, 2003).
Note: During ATRec, ECMWF SAPs appeared to be often in vicinity of Greenland/Iceland. Less so for ETKF SAPs.
Figure 18 (Below) Map of forecast sensitivity (shaded areas) from an ECMWF forecast during the Atlantic Regional THORPEX Campaign in December 2003. Targeted observations in the sensitive areas should improve the forecast over northern Europe (the boxed area) 42 h after the targeting time. The background  contours show mean-sea-level pressure.


Aims
· Dropsonde observations of  areas of forecast sensitivity in the vicinity of Iceland 
· High-level (25-30 kft) legs in lawnmower pattern with dropsondes released ~100 nm (should be about horizontal correlation length scale, see Leutbecher et al. 2002)
· Verification areas: Northern Europe, Western Europe, Southern Europe, plus a sub-region?
· Verification times: 42-72 hours
· All dropsonde observations to go onto GTS, data denial experiments to be run post-experiment in collaboration with UK Met Office

· Missions can be flown at most efficient speed (i.e. faster than science speed), for example at 220 knots.
Targeted observations – Flight Plan 100


	GFD100
	Time
	Manoeuvre
	Distance (nm)
	Duration 

(min)
	Total time 

(min)

	1
	
	Take off Keflavík , transit to 66N, 25W.
	134
	30
	30

	2
	
	Straight level run at 25-30 kft, going south. 

All legs at most efficient speed (assumed 220 knots).
Dropsonde releases every 80 nm (4 in total).
	240
	65
	95

	3
	
	High-level leg at 270o from N.
	112
	30
	125

	4
	
	Straight level run at 25-30 kft, doing north, parallel to earlier dropsonde leg.
Dropsonde releases every 80 nm (4 in total).
	240
	65
	190

	5
	
	High-level leg at 270o from N.
	100
	25
	215

	6
	
	Straight level run at 25-30 kft, going south.
Dropsonde releases every 80 nm (4 in total).
	240
	65
	280

	7
	
	Transit to Keflavík.
	310
	70
	350


5. Data Management
5.1 FAAM data
Aircraft data is distributed via the British Atmospheric Data Centre (BADC). According to the FAAM website:

 Calibrated CORE data and associated Metadata
FAAM will provide calibrated CORE data to the BADC for distribution via the FAAM pages (http://badc.nerc.ac.uk/data/faam/) for all flights in NetCDF format (http://badc.nerc.ac.uk/help/formats/netcdf/). This will be the case for all flights e.g. UK campaigns, foreign detachments or instrument test flights. The data provided will include all CORE parameters at their maximum observation frequency. The provision of data in one standard data format to one archive site allows a consistent approach to data monitoring and minimises the use of FAAM resources. All CORE data will include sufficient information for traceability of the calibration and version number of processing source code. 

Specific projects that have their own web pages are encouraged to provide links to the BADC FAAM site where appropriate. If a specific project requires the CORE data in any other form or format it is the responsibility of the Principal Investigators to extract data from the FAAM archive and convert it. 

FAAM will be working to provide the following Metadata, though this will be fairly basic initially. These will include:

· Descriptions of parameters 

· Data formats 

· Quality assessments 

· Log sheets – all hand written log sheets and associated charts will be scanned post-flight and archived at the FAAM BADC site, normally as a single PDF file for each flight 

· Video tapes – Hi-8 tapes will be held at FAAM initially (future strategy on these TBD.) 

 Raw Data
FAAM will archive all raw data from all CORE instruments in their raw format at BADC. Access to this data will normally be restricted to FAAM staff. Others with a need for raw data should contact FAAM in the first instance.

5.1.1 FAAM Data Access & Data Policy
Data access is managed by the BADC. All FAAM data must be made public, but will be restricted to the project PIs (and their co-workers) for a fixed period of time. 

· We plan to ask the BADC for this restriction to be for 24 months
· Eligible PIs are: Renfrew, Gray, Moore, Kristjánsson and Ólafsson

All authors considering publication of GFDex related research, which makes substantial use of FAAM data that is not already published, should offer co-authorship to the Investigators that had a primary role in the collection of that data.  
5.2 Real-time data archive
GFDex should aim to compile a simple real-time data archive, either as weblinks, or via a limited data archive. This may have to be password-controlled if it includes data not publicly available. This should hopefully include:

· AVHRR and MODIS data from the Dundee Satellite Receiving Station (http://www.sat.dundee.ac.uk/). GFDex should have (free) access to this data via the NERC grant. We should be able to arrange beforehand to have all (or the best few per day) passes of interest sent to us. AVHRR 1 km data is available either in “Dundee” packed format, or NOAA level 1b format. MODIS data is available in HDF-EOS format. Image files (e.g. GIF) can also be produced. See http://www.sat.dundee.ac.uk/formats.html 











[Renfrew responsible]
· QuikSCAT data is readily available from RSS. It would be useful if this could be ingested and saved in Matlab format.





[Moore responsible]
· Gridded sea ice data, probably from the NSIDC, should be saved for the period. It would be useful if this could be ingested and saved in Matlab format.

[Moore responsible]
· ECMWF operational analyses are available from BADC (restricted access) and other sources as normal.
· UK Met Office operational NWP regional and global data is now being archived at BADC, but again are restricted access. Each user must register separately. To quote BADC, access is given to “bona fide academic researchers working on agreed NERC-endorsed scientific programmes.” 

· Radiosonde soundings: it would be useful to be able to archive the full-resolution soundings for the stations on Greenland and Iceland. Access to this data will need to be arranged either ourselves or via EUCOS contacts. 

· EUCOS has negotiated additional radiosonde releases from these sites for the duration of the GFDex campaign, there should be 6-hourly ascents.

	Site
	WMO code
	Location
	Altitude
	System
	Frequency
	Operator
	Available ?

	Keflavík
	04018
	63.97N, 22.6W 
	38 m
	
	
	Iceland
	

	Narsarsuaq
	04270
	61.18N, 45.43W
	4 m
	
	
	DMI
	

	Scoresbysund
	04339
	70.48N, 21.97W
	65 m
	
	
	DMI
	

	Angmagssalik
	04360
	65.60N, 37.63W
	50 m
	
	
	DMI
	

	Egedessminde
	04220
	68.70N, 52.75W
	40 m
	
	
	DMI
	


EUCOS has arranged for additional radiosonde releases from merchant ships in the northeast North Atlantic via the E-ASAP programme (contact: Rudolf Krockauer, E-ASAP Programme Manager, Deutscher Wetterdienst); 6-hourly releases should be made when the ships are between 50-70N, 60-10W. 
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Figure � SEQ Figure \* ARABIC �1� Surface wind speed and wind vectors associated with tip jet events from aQuikSCAT climatology, from Moore and Renfrew (2005). 








Figure 5 Surface wind speed and wind vectors associated with reverse tip jet events from a QuikSCAT climatology, note only statistically significant data are shown, from Moore and Renfrew (2005). 








Figure 6 Composite of 10 m winds and msl pressure for easterly tip jet events, from NCEP reanalysis data (from Moore, GRL, 2004).








Figure 8 Surface wind speed and wind vectors associated with barrier wind  events (Denmark Strait South) from a QuikSCAT climatology, note only statistically significant data are shown, from Moore and Renfrew (2005). 








Figure 10  Surface wind speed and wind vectors associated with barrier wind  events(Denmark Strait North) from a QuikSCAT climatology, note only statistically significant data are shown, from Moore and Renfrew (2005). 








Figure 13 Maps of mesoscale cyclone density (over a 2 year period, per 200 km radius) taken from Condron et al. 2006. Left is from AVHRR satellite data (Harold et al. 1999) and right is from ECMWF reanalysis for the same period.




















