Targeting Discussions in preparation for T-PARC and related campaigns
Second Draft: S. J. Majumdar, 17 February 2008
This document is intended to serve as a discussion of procedures for selection and collection of targeted observations during T-PARC and related field campaigns in Aug-Sep 2008.  Here, we use the term “targeting” to imply “collection of extra observations in the environment of a weather system (usually a TC here), aimed at improving a particular numerical forecast of that system”.
Everyone is encouraged to add their thoughts to the document and distribute them amongst the group.  For clarity, it would help if each person’s comments are typed in color.  The document will be revised periodically to incorporate comments and raise new issues.
To keep the document short (!), I have focused on the TC/ET phase of T-PARC.  It would also be useful to begin a parallel discussion for Winter T-PARC.
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I. Working Hypotheses (please add others)
a. The assimilation of “targeted” observations improves numerical predictions of typhoon formation, structure and intensity change, track, ET and downstream weather more than the assimilation of observations selected randomly.
b. More formally, targeted observing techniques are able to predict the reduction in forecast error variance due to any hypothetical set of targeted observations.
c. The targeted data act to correct the numerical forecast by better representation of [insert physical process here] in the initial conditions which acts to improve the forecast of [insert TC-related metric here].
d. Targeted observations are most effective in regimes of low predictability [Carolyn Reynolds: May want to comment on expected ‘effectiveness’ based on the standard observation network type and density (additional obs should have bigger impact when added to less-well-observed regions)]
II. Types of guidance available
Please correct and add more info as appropriate.  
A major issue is the timing of when the targeting guidance is going to be available at the Operations Centers.  This is in part dependent on the logistics of when (i) a decision on whether to target or not needs to be made, and (ii) the final flight tracks need to be prepared.
As it stands in this table, all the targeting is focused on the TC.  Is anybody planning to provide targeting guidance with a verification region downstream, e.g. over North America?
	Institution
	Method
	Real-time?
	Availability before obs time?
	How often?
	TC Stage
	Verification Region (fixed/vble?)
	Main facilities

	NRL Monterey
(Reynolds)
	NOGAPS Singular Vectors (SVs)
	Yes
	-48h?
	Daily?
	Formation, Recurvature
	Fixed?   1:Guam? 2:Taiwan? 3:Japan ?
	All



	NRL Monterey
(Bishop)
	Ensemble?
	Maybe
	-48h
	Daily?
	Possible for TCs.  More likely for Winter
	?
	All

	JMA
	JMA SVs
	Yes
	-42h (sensitivity product with 2 day lead time)

-18h (sensitivity product with 1 day lead time)
	Daily
	Recurvature and ET
	Fixed?
	All, particularly Falcon

	ECMWF
	ECMWF SVs
	Yes?
	?
	?
	All?
	Fixed?
	All?

	National Taiwan University
	MM5 Adjoint-Derived Sensitivity Steering Vector
	Yes?
	?
	?
	Formation, Recurvature
	Variable?
	All, particularly DOTSTAR

	U. Miami
	ETKF v2.0 (w/ combined NCEP GFS + ECMWF + CMC + JMA (?) + NOGAPS (?) ensemble
	Yes
	-42h, -18h
	Daily
	All
	Most likely variable, based on predicted TC location.
	All

	UK Met Office
	ETKF v1.0 (w/ UKMO ensemble)
	Yes
	?
	?
	All
	Variable?
	All?

	NOAA
	NCEP GFS Ensemble Variance
	Yes
	?
	4x daily?
	All
	N/A
	All

	Yonsei University (Korea)
	MM5 Adjoint Sensitivity
	Yes
	?
	?
	Recurvature and ET?
	?
	All

	UWashington / NCAR
	MM5 ensemble sensitivity
	?
	?
	?
	ET?
	Variable?
	Falcon, ELDORA

	NRL Monterey
(Langland)
	Synthetic Observation Ensemble
	No
	?
	N/A
	All
	Variable?
	MTSAT rapid-scan winds


III. Questions

1. What observational assets will be available for targeting?

[will need to insert more specific details about flight hours, coordination issues, lead times etc]
a. Formation / Structure Change Phase

i. Dropsondes from driftsondes (1 Aug – 11 Sep 2008) launched from Big Island, Hawaii.  One balloon launch per day, dropsonde release every six hours and/or targeted release.  840 sondes in total.
[Russ Elsberry: Whereas 11 Sep may be the last Driftsonde balloon launch from Hawaii, the soundings will likely continue from 5-7 days until that last balloon approaches the coast of China and it is brought down. I heard today that only 17 balloons with 37 sondes each will be available, for a total of 629 soundings. It seems likely then that the average balloon launch schedule will be every other day.]

ii. Dropsondes and flight-level data from NRL P-3 (w/ ELDORA radar) and USAF C-130 aircraft (if consistent with other TCS-08 science goals).  
[Sim Aberson: The Air Force C-130-J will also provide surface wind speed and rain rate below the aircraft in all phases of the field program.  For information on the formats of the data, see http://www.ofcm.gov/nhop/06/nhop06.htm, Appendix G.  This will be updated for the 2008 season, but the only change is likely to be the addition of the dropsonde release location.]
iii. Dropsondes from DOTSTAR mission (if near Taiwan)

iv. MTSAT-2 AMV (Atmospheric Motion Vector)
v. Other: Off-time rawinsondes?  Targeted satellite data?

b. Recurvature Phase

i. Dropsondes from driftsondes (see details above)

ii. Dropsondes from DOTSTAR mission

iii. Dropsondes and flight-level data from NRL P-3, NCAR ELDORA and USAF C-130 aircraft (if consistent with other T-PARC science goals)
iv. Dropsondes and LIDAR winds/WV from DLR Falcon
v. Rawinsondes launched from ships (ProbeX)

vi. MTSAT-2 AMV (Atmospheric Motion Vector)
vii. Other: Off-time rawinsondes?  Targeted satellite data?

c. ET Phase
i. Dropsondes and flight-level data from NRL P-3, NCAR ELDORA and USAF C-130 aircraft (if consistent with other T-PARC science goals)
ii. Dropsondes and LIDAR winds/WV from DLR Falcon

iii. Rawinsondes launched from ships (ProbeX)
iv. MTSAT-2 AMV (Atmospheric Motion Vector)
v. Other: Off-time rawinsondes?  Targeted satellite data?
d. Non-TC
i. [Martin Weissman: Although the main focus are obviously TCs and ET, the Falcon will also perform targeted observations in case non-TC periods (unless we are lucky and get a very active year with one Typhoon after the other)]
ii. Any other instrumentation available for non-TC targeting?
*** An additional table with a timeline of all resources, when they are available, altitudes and variables, real-time assimilation capability etc should be drafted.  Will this be in the T-PARC Operations Plan? ***
2. How do we make a decision on targeting (whether to send targeted observations or not)?
a. Societally important situation: TC threatening landfall.
[Martin Weissman: Of course landfall/uncertainty is of higher priority, but in my view not strictly necessary to deploy targeted observations. Depending on the frequency of good events, we may have to take every chance we get.]

b. Low predictability (e.g. bifurcation of TC tracks in ensemble using TIGGE data)
3. What is the common lead-time necessary to issue a decision on targeting (i.e. how long before the flight should the decision be made?) [Martin Weissman: Depends on ATC.]
The consensus (as I recall) was

c. 48 (36?) hours prior to flight: Make a decision on whether to deploy targeted observations.
d. 24 (12?) hours prior to flight:  Provide final flight track.

If this is the timeline, then the first set of targeting guidance (to decide whether to target) will use models/ensembles initialized 60-72h prior to the targeting time, and the second set (to make a final decision on where to target or cancel the mission) will use models/ensembles initialized 36/48h prior to the targeting time.
[Martin Weissman: If possible, we should always look 3 days ahead. I would add identifying possible missions 72h ahead.]

[Carolyn Reynolds: Linearity will be an issue for several targeting techniques at longer lead times (beyond +96, -48h)]
4. Should there be a common ‘one-stop-shop’ web portal for targeting products?  
Candidates include:

a. Japan Meteorological Agency (JMA) http://eps.kishou.go.jp/EPSMRF/Products_THORPEX/Strpb/JMA/strpb.html
b. UK Met Office / ECMWF “Preview”
c. UCAR:  http://catalog.eol.ucar.edu/tparc_2007/index.html 

The EOL website has worked well for several investigators in the past (including the dry run).  It is easy to upload graphics (in standard format, e.g. .gif) to the website.

The “Preview” infrastructure could provide a formal, centralized backbone to the targeting products, while other websites can focus more on the interests of local groups.  Preview allows the ability to offer daily targeting proposals, and facilitates an inter-comparison of guidance within a common framework and thereby an easy way to design and compare optimal flight tracks over the guidance without worrying about map projection etc.
All the websites should provide links to the other major websites for ease of access.
5. Should all groups provide targeting guidance in a common format?
a. Common graphical output (based on GRADS, or other?)
[Carolyn Reynolds: I’ve been sending gif files to EOL and JMA.  I don’t think the format of the graphics is that important as long as they are supported by the web site. However, common map projections and boundaries would probably facilitate comparison.]
b. Common data format (grib, NetCDF, ASCII?)
c. [Russ Elsberry: Will all of the groups provide displays of the level (layer) and the variables (u, v, T, and q) of the sensitivity as were available from NRL during the dry run?]

Do Preview and/or other data portals have the ability to plot any targeting product that is delivered in some agreed data format to that site?
6. How do we agree upon the main parameters in targeted observing guidance?

In order to make a clean comparison between different types of targeting guidance, they should all be representative of the same case.  This requires a common agreement about the necessary parameters:

a. Targeted observing time (central time of flight)

b. Forecast verification time

c. Forecast verification region (most likely centered on TC)

How do we decide these parameters: daily decisions in the Operations Center?

Some methods will employ fixed verification regions that do not change from day to day.  Should other methods follow suit?

[Carolyn Reynolds: I’ve used fixed regions for SVs, and then used the final SVs to see if they are targeting the feature of interest.  However, this isn’t ideal, and I’d recommend that other methods directly target the feature of interest if it is possible to do so.]
7. If the different types of guidance differ significantly (as they often do), what is the process for making a targeting decision?

A protocol for how to reach a consensus decision is required.
8. How will flight tracks be designed?

a. By hand, drawing over sensitive areas? [Time-consuming and prone to errors]

[Martin Weissman: Unfortunately, I think we’ll have to do it by hand for the Falcon as we want to avoid thick clouds to some extent and to have relatively straight legs for the lidars…]
b. Using automated flight planner software? (e.g. that used by NOAA and JMA)

c. By pre-designing hundreds of flight tracks, perhaps relative to the storm? [This is the highly efficient procedure used during NOAA Winter Storm Reconnaissance.  No-fly zones over land may make this difficult to implement in NW Pacific?]  [Sim Aberson: Not only are there no-fly zones over land, but an entire set of flight tracks would need to be made for each possible location of the storm, since the storm is the most important no-fly-zone for the aircraft.  This can be done, but we will need thousands, if not tens of thousands of flight tracks.  Separate sets will be needed for one- or two-aircraft missions.  The possibilities could get out of hand.  I like the idea.  I'm just not sure that it is practical.]
d. Semi-automatic “tkmap” code?   [Sim Aberson: All that is needed is an input file with points and the aircraft, and it calculates times, and will also calculate points in a polar coordinate system around the storm so the user does not have to.  Sim can make this freely available if wanted.]
[Munehiko Yamaguchi: In response to 7 and 8, I would like to propose the following procedure on the deployment of dropsondes.

1. Dropsondes should be deployed around a TC in a circle pattern independently of any sensitivity analysis products. (These observations would be useful when evaluating the effectiveness of sensitivity analysis techniques)

2. Dropsondes should be deployed as many sensitivity areas as possible as far as flight duration time permits. The mean field of all kinds of sensitivity products might be used for deciding the observation points.

3. Modification like adding several observation points or re-arranging the above deployment could be done in response to the interests of each flight mission.
Open questions
1.  radius of the circle

2. distance between each observation point]

IV. Evaluation

For more in-depth discussions on data assimilation and what will be provided by various groups, refer to the e-mail discussion initiated by Russ Elsberry in November 2007.

1. What observations will be available for data impact studies?

Aircraft- and driftsonde-born dropsondes. Off-time and ProbeX ship rawinsondes, MTSAT regular and rapid-scan (if available) data, C-130 flight-level and SFMR data sent to GTS and all operational models in real-time.  Routine rawinsondes.

LIDAR winds and WV profiles (retrospectively)
Satellite data (details needed)
[Sim Aberson: There will be quite a bit of oceanic measurements also taken and available in real-time.  Is anyone working on coupled ocean-atmosphere systems?  Is anyone planning studies of data assimilation and impacts of these data?]

2. What targeting evaluation products will be available in real-time?  Likely very few, given the computational demand.
a. Near real-time observation impact using NOGAPS adjoint (and all available observations on GTS)

3. What evaluations will be done retrospectively?

a. MTSAT-2 winds (regular plus targeted r/s winds) in NOGAPS.
b. Dropwindsonde data assimilated into GFS (NCEP) and GSM (JMA), NOGAPS (NRL), GDAPS and KWRF (KMA), GFS, NFS and WRF (CWB), WRF (NTU), ECMWF (?), WRF (Yonsei U).  Others?
4. Metrics for Evaluation?

For global models: TC track is the most logical.  What variables related to TC structure can be evaluated with global models?  Evaluation of relevant environmental variables (low-level vorticity; relative humidity etc) would be useful.

[Sim Aberson: In the metrics for evaluation, I would suggest that we do not yet know what is appropriate for numerical models (both regional and global) at their current resolutions.  I would like to see:                                                                                

A.  Track

B.  Maximum wind speed at 10 m (or the lowest model level)

C.  Minimum central sea level pressure

D.  Radius of 100, 64, 50, and 34 kt (~50, 33, 25, 17 m/s) winds in four quadrants                                                                 

An agreed-upon format for these is necessary.]
[Carolyn Reynolds: Verification for COAMPS will include intensity.]
5. Targeting intercomparison studies?

a. Comparison of methods (already begun); relative impact of assimilating selected datasets; relative impact of different data assimilation schemes; other?
APPENDIX
Quick reference for converting UTC to local time (courtesy Munehiko Yamaguchi)
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