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Goals:

There are two major goals for this activity:

(i) Forecasting Science

To assess our ability to forecast key aspects of West African Monsoon (e.g. convection, ITCZ, AEJ, AEWs, onset etc) so that we can take advantage of available products in 2006; and to learn about the limits of predictability of the WAM.

(ii) Operational Needs

To develop strategies and a framework for provision of forecasts in the field in 2006 taking account of the needs of PIs and platforms (e.g. aircraft and ground-based).

In addition to dealing with a practical issue for AMMA, the first goal is tied to improving our scientific understanding of the WAM and its predictability at a range of space and timescales. The second goal is motivated by the needs of PIs and platforms in the field and is a practical activity. The activities proposed to meet the two goals are discussed separately below. It should be made clear that this draft document is written only with the needs of TT8 in mind. Additional discussions will be needed for TT7 and TT9.

(1) Forecasting Science: Evaluation of forecasts and predictability of key phenomena

We propose to organize this around 3 spatial scales: global, regional and mesoscale-to-local. These scales reflect the scales promoted in the International Science Plan (only in this case we combine mesoscale and local scale). At each scale we need to investigate bench forecasting products and NWP/Climate prediction products. It is also clear that at least from the model products (statistical as well as dynamical) perspective we can also consider previous seasons in addition to the present one. This is clearly a research activity that will support the forecasting activity (see (2) below).

NOTE: See APPENDIX for detailed summary of dry intrusions – if we included these summaries then we do not need such detailed tables – just phenomaena and PIs no?

(i) Global view

At this scale we are concerned with prediction of the WAM at timescales ranging from intraseasonal to interannual. This activity should be carried out in collaboration with international WG1, climate prediction centers and the regional outlook fora. We are principally concerned with prediction of seasonal rainfall, wet/dry spells and monsoon onset. The predictions at this scale are inherently probabilistic and will provide guidance for medium to long range planning.

Products to be considered and provided include:

· ENSO forecasts and associated impacts on WAM

· Global SSTs and forecasts (especially tropical Atlantic and Indian Ocean)

· Asian Monsoon 

· Equatorial wave activity (e.g. Kelvin waves, Equatorial Rossby waves) 

· Land-surface conditions (including land-ocean thetae contrasts at low-levels)

ACTION1: Invite WG1 to agree the key diagnostics and work to establish webpages, possibly with NCEP (to be agreed).

ACTION2: Establish a discussion group to provide consensus forecasts at intraseasonal-to-interannual timescales building on what is already in place at national and international levels (see table 1 below).

(ii) Regional view

At this scale we are concerned with prediction at daily-to-weekly timescales. This activity should be carried out as a collaboration with forecasters and NWP centers and with the global group above. The regions should include the whole of tropical north Africa including as far east as Ethiopia (potentially important for initiation of African easterly waves). This timescale is also a focus of WG5.

Bench forecasting: 

· Forecasts made by national met services  (e.g. Niger, Benin, Senegal, Ethiopia, etc) and international agencies (e.g. ACMAD).

· Synoptic analysis using surface observations and upper air data.

NWP and other products to be considered and provided include:

· African easterly jet – ITCZ diagnostics – Heat Low (e.g. monsoon layer depth, shear, ITF) 

· Tropical Easterly Jet and the subtropical Jet (position, intensity).

· African easterly wave diagnostics  (e.g. troughs, PV structure, convection, divergence, CAPE/CIN) 

· Also for both Regional and Mesoscale-to-local views: PWV (precipitating Water Content) , DCAPE, minimum of (e or (’w,, altitude of the minimum

· Model precipitation 

· Dry intrusions (Trajectory products for the forecast of their position and magnitude)

· Satellite products (e.g. IR, water vapour, rainfall, cloud-track 

winds, Scatterometer winds, SAL, cloud classification)

· Lightning (from ground-based network as well as satellite)

ACTION3: Core Weather forecasting group to agree diagnostics and establish web pages and key links, possibly with NCEP (to be agreed).

ACTION4: Establish who will carry out the evaluations (see table 2 below)

(iii) Mesoscale-to-local view

At this scale we are mainly concerned with prediction of convection and MCSs. This is a key requirement for the Intensive Oberving Periods (IOPs). At this scale we are mainly concerned with forecasts between 0-48hours.

· Bench forecasting (as above) 

· Plus real time MCS tracking output from the IR Meteosat-8 imagery

· NWP and other products to be considered and provided include:

MCS diagnostics (regional model outputs and satellite products)



Diagnosis of surface soil moisture anomalies (e.g. in situ and satellite)



Analysis of radiosoundings and surface observations at specific stations


Other in situ observations including special obs (e.g. surface 

fluxes , to be discussed)

ACTION5: Make a list of regional models available for AMMA and develop webpages to display products.

ACTION6: Establish webpages for monitoring relevant diagnostics (see above).

ACTION7: Seek participants/volunteers to generate and evaluate forecasts (See table 2).

 (iv) Summary of key phenomenon

Following the recommendation of Jean-Philippe we provide here a list of key phenomenon that should be considered in the AMMA forecasting activity. These are chosen both because of their scientific importance for the WAM but because of their relevance to the forecasting strategy and in-the-field decision-making. Table 1 highlights the phenomena important from the global perspective. Table 2 focuses on phenomena important from the regional and mesoscale-to-local scale perspective. We should work in collaboration towards filling the gaps in these tables. We should also note that the phenomena and related diagnostics in table 1 need to be monitored as well as predicted. 

(NOTE: The WAM may be too broad a phenomena – we could consider dividing table 1 into 2: (i) The WAM System (e.g. Regional SSTs, land surface conditions, aerosol, ppn etc) and (ii) Remote Forcing (e.g. ENSO, Equatorial Waves, Asian Monsoon)

Note, as suggested by Jean-Phlippe Lafore I include a leader (to be agreed)  or contact point for each phenomena in bold and underlined.

Table 1: Global View

	Phenomenon
	Brief definition
	Key characteristics
	Key diagnostics
	Key scientific questions
	PIs for dry-run

	WAM (including regional SSTs)
	Coupled land-atmos. ocean system
	Monsoon onset rapid at end of June

Wet/dry spells
	Atlantic and Mediterranean Sea SSTs

Land-ocean gradients in low-level thetae, AEROSOL/CHEMISTRY?


	
	WG1 (Int.), WP1 (EU), Wassila Thiaw, Andre Kamga, Bernard Bourles?, Desbois?, Ramage? Taylor et al

	ENSO
	Coupled mode of variability in the Pacific
	
	
	
	WG1, WP1, Wassila Thiaw

	Equatorial waves (Intraseasonal variability)
	Kelvin waves

R-G waves

MJO
	
	
	
	WG1, WP1, Wassila Thiaw, Andre Kamga, Chris Thorncroft, Sultan

	Asian Monsoon
	
	
	
	
	WG1, Remy Roca


Table 2: Regional and Mesoscale/Local View

	Phenomenon
	Brief definition
	Key characteristics
	Key diagnostics
	Key scientific questions
	PIs for dry-run

	Heat low
	Diurnally varying overturning circulation in the lower troposphere in the vicinity of the low-level baroclinicity (e.g. Parker et al, 2005b)
	
	
	
	Cyril Flamant , Doug Parker, Jean-Philippe Lafore

	ITCZ, ITF
	
	
	
	
	Doug Parker, Chris, Jean-Philippe

	Jets (AEJ, TEJ, STJ)
	Approximately zonal jets that support and influence African weather systems (AEJ, TEJ, e.g. Parker et al 2005a). STJ is a westerly jet that occasionally impacts the WAM region from the north (e.g. XX)
	
	
	
	Doug Parker, Chris, Jean-Philippe, Remy Roca, Daniel Raymond

	AEWs and vortices
	Synoptic weather system that develops on the AEJ (e.g. Reed et al, 1977).
	Westward-moving, synoptic-scale with embedded sub-synoptic vortices, peak amplitudes at AEJ-level and at low-levels poleward of the AEJ. Has coherent relationship with convection and MCSs over the land – mainly located ahead of trough, equatorward of the AEJ and behind trough poleward of the AEJ.
	Streamfunction

Winds

Vorticity

PV

Low-level theta

Trough-lines

Satellite-IR, WV
	What are the relative roles of AEW dynamics (e.g., PV advection, adiabatic ascent, synoptic advection of temperature and humidity) and surface processes on the development of convection and MCSs in AEWs?

How do MCSs feedback and interact with the synoptic environment?


	Doug Parker

Chris Thorncroft

Nick Hall

Frank Roux

	Dry intrusions
	Mid tropospheric dry air structures originating from the extra-tropics and influencing the humidity in the near environment of organized convection over Sahel (e.g., Roca et al., 2005)
	Relative humidity as low as 5% at 500hPa (5-6 km). Dry air Originates from the polar jet over the North Atlantic and is detoured by the STJ towards the Equator. Dry air travel almost quasi-isentropically at 325K. Well correlated with squall lines occurrence over Sahel.
	12 days Back Trajectories using 3D analyzed/forecasted winds and temperature fields.
	Role of this extra-tropical dry air in forming the mid tropospheric minimum in the thetae profile?

How this near environmental dry air interacts at fine scales with organized convection?

Are squall lines the only type of organized systems to be influenced by these mid-tropospheric features ?

What is the impact on rainfall predictability at suprasynoptic/intraseasonal time scale? Effect of the contamination by extratropicals dynamics on predictability?
	Rémy Roca

Daniel Ramond

Jean-Philippe Lafore

	MCSs and convection
	
	
	
	
	Jean-Philippe Lafore

	Non precipitating clouds
	
	
	
	
	Vincent Giraud 

Jean-Philippe Lafore


(2) Operational Needs: Developing forecast strategies

(i) Background and needs

The forecast strategy must be designed to support the needs of PIs and their platforms in the field. Key platforms include aircraft, driftsonde and ground-based platforms (e.g. radar, tethered balloon). 

· Flight Planning

We know that one of the biggest challenges will be to provide forecasts to support flight planning. For the SOP-Monsoon period (June – August 2006), there are 7 types of envisaged flights: the table below describes the different flights and the forecast information needed to support the decision to fly or not. The intraseasonal regime is included to provide the long-term outlook (level I forecast described below and linked to Global view discussed above). Note that we do not expect all the boxes to be filled in since not all the key phenomena are relevant to all flights.

Table 3: Timetable of IOP forecast criteria (to be refined and coordinated with AOC). The elements in this table define factors which should be taken into account for each type of IOP. Those shaded yellow are critical for the decision to conduct that kind of IOP. Other criteria may affect the desirability of an IOP, or the details of its conduct (e.g. exact timings). 

	Flights / IOPs
	Coordinated MCS flights
	ITF and heat low surveys 

(June-July)
	N-S surveys (‘monsoon flux’ flights)
	Stacked legs (land – ocean – atmos.) 
	E-W surveys (‘zonal’ flights)
	‘Outflow’ surveys
	Urban surveys

	Key Phenomena/ Lead time
	24 hours
	24 hours
	24 hours
	1 – 4 days
	24 hours
	1-3 days
	12 hours

	Intraseasonal regime
	Presence of a wet or dry period 
	Flights before and after monsoon onset
	Probability of monsoon-onset
	Presence of wet or dry period; likelihood of subsequent rain
	Presence of wet or dry period
	Needs to be defined.
	N/A

	Heat Low
	N/A
	Intensity of heat low? 
	Intensity of heat low?
	Intensity of heat low?
	N/A
	N/A
	N/A

	ITCZ/ITF
	Influences convective regime.
	Location of ITF affects flight patterns
	N/A
	N/A
	May influence latitude of flights
	N/A
	N/A

	Jets (AEJ, TEJ, STJ)
	Influences convective regime.
	N/A
	N/A
	N/A
	Affect latitude of flights
	Jet strengths influence outflow
	N/A

	AEWs and vortices
	Location and intensity of trough/ridge patterns and vortices
	Consider AEW activity and phase.
	Consider AEW activity and phase.
	Consider AEW activity and phase.
	Location and intensity of trough/ridge patterns and vortices
	Consider AEW activity and phase.
	N/A

	Dry intrusions
	Location and depth of dry air
	N/A
	N/A
	N/A
	May be relevant to AEW patterns
	Strong SAL intrusions wil be of interest
	N/A

	MCSs and convection
	MCSs over the mesoscale ground sites
	Avoid Cb
	Avoid Cb
	Ahead of and behind MCS events (over several days)
	Avoid Cb
	May follow MCS events from east to west
	Avoid Cb

	Non-precipitating convection
	N/A
	N/A
	N/A
	N/A
	Northward extent may affect latitude of flights
	Northward extent may affect latitude of flights
	N/A

	Land surface
	Rainfall on dry surface could be attractive.
	Flights before and after monsoon onset
	Soil moisture may guide flight planning
	Rainfall on dry surface in N. Sahel would be optimal
	Strong E-W soil moisture variability
	Probably N/A – needs to be clarified
	N/A


Also, data from the mesoscale instrumented sites, and from recent aircraft observations, will be used in the planning process.

· Ground-based operations

An additional challenge for AMMA is to provide the forecasts needed to support ground-based operations. This is to guide PIs in choosing IOPs and also for safety issues (e.g. tethered balloon will be lowered if lightning strikes are likely). The 3 major ground-based platforms are the radars in Benin, the tethered balloon in Niamey and the driftsonde to be launched from Chad. The table below again indicates the forecast needs for these platforms.

Table 4: Ground-based operational needs

	
	Radar
	Tethered Balloon
	Driftsonde

	Key Phenomena/Lead time
	24 hours
	24 hours
	24 hours?

	Intraseasonal regime
	
	
	

	Heat Low
	
	
	

	ITCZ/ITF
	
	
	

	Jets (AEJ, TEJ, STJ)
	
	
	

	AEWs and vortices
	
	
	

	Dry intrusions
	
	
	

	MCSs and convection
	MCSs and convection
	Avoid Cbs and lightning activity for safety
	Avoid Cb for safety

	Non-precipitating convection
	
	
	

	Land surface
	
	
	

	Other
	
	
	Trajectory predictions


(ii) Developing forecast strategies

The core weather-forecasting group should organize a dry-run forecasting exercise in 2005 to develop strategies and assess forecast skill. We should agree to have daily weather forecasting discussions, make forecasts each day, and evaluate the forecasts. Decisions should be made as to whether to recommend an IOP or not and we should assess whether this was a reasonable decision after the event. 

While it may be envisaged that we will have twice-daily forecasts in the summer of 2006, due to practical constraints it is probably sensible for us to envisage once-daily forecast only during the dry run.

The principal need will be to provide forecasts of key phenomena listed in tables 1 and 2 in the WAM and CATCH regions. We propose three levels of forecast:

	Level of forecast
	Timescale
	Domain
	Decision to be made

	I
	5-days-2 weeks
	Regional (tropical north Africa and Atlantic)
	Provides background for prioritizing IOPs 

	II
	2-4 days
	CATCH Window
	Raise or drop alert status for IOPs

	III
	1-48 hours
	CATCH Window 
	Go or No go for IOP


Proposed activity for the dry run in summer 2005:

· Who should be involved?

Bench forecasters, NWP centres and key PIs 

We need to agree who will be involved in this in the coming weeks.

· What forecasts should we make?

Make 3 levels of forecast on a daily basis and assess their skill.

· How shall we achieve this?

Through daily e-mail interactions and conference calls we should create a daily forecast summary. The daily summaries can be made available to a wide audience via webpages.

· When shall we do this?

We could do this throughout the summer or at least for a 2-3-week period in August for example. We should also consider having some discussions during the monsoon onset period in June.

· What Next?

We should agree a format for summarizing the forecast; preferably one that can easily be shared with everyone and distributed via e-mail and webpages. This should probably take the form of a WORD document that we would need to agree (I attach a draft document at the end for us to agree and develop).

We should agree a schedule for when the forecasts should take place and identify who has responsibility for what.

TT8 should pass comment on this document and provide more details on the forecasting needs.

SUMMARY SHEET (DRAFT): LOTS MORE WORK NEEDED HERE!

Date:

Time:

1. Analysis 

Details to be agreed but probably need maps and locations of convection, AEWs, jets etc 

2. Type I Forecast: 5days-2weeks


A mixture of deterministic and probabilistic 

3. Type II Forecast: 2-5 days


More determined by deterministic forecasts

4. Type III Forecast: 1-48 hours


Deterministic and Nowcasting

5. IOP Recommendation


Here we make decisions regarding alert status for IOPs and whether a flight will be called for example. Similar actions will be decided for the groundbased platforms.

5.1 Flights

	Date
	Coordinated MCS flights
	ITF and heat low surveys 

(June-July)
	N-S surveys (‘monsoon flux’ flights)
	Stacked legs (land – ocean – atmosphere) 
	E-W surveys (‘zonal’ flights)
	‘Outflow’ surveys
	Urban surveys

	Flight called?
	Yes
	No
	No
	Yes: 1-3 days
	Yes
	Yes
	No

	Outcome / comments
	Good case
	
	
	Bad case
	Good
	
	


5.2 Groundbased platforms

APPENDIX

	« Dry intrusions »

	Full name: Extra-tropical dry air advection in the Sahelian mid-troposphere influence on organized convection

	Definition: Mid-tropospheric dry air is a well known characteristics of the fast squall line environment (Barnes and Sieckman, 1984). At 500 hPa over Sahel, dry air (RH<5%) is well associated with squall lines occurrence. This dry air originate from the polar jet (PJ) (50°N, 200 hPa) and is deflected towards the Equator by the dynamical barrier associated to the subtropical jet (STJ) (Roca et al., 2005). This dry air is thought to play a crucial role in favoring evaporation of hydrometeors for deep convection already started and hence to contribute to the energetics of squall lines. This has a strong impact on MCSs organization, duration and on its precipitation efficiency. Times scale of such feature is mainly restricted to the 10-15 days range.

	Associated Scientific Questions to be addressed by AMMA

At large scales: How the polar jet /subtropical jet interaction is connected to Indian monsoonal heat release? Does this offer a teleconnection of Indian and African monsoon?

At synoptic to suprasynoptic scales: How do these environmental characteristics influence organized convection? What is its relative role on the rainfall variability with respect to surface processes, low level RH and AEJ instabilities…

At mesoscale: How  does the environmental dry air influence the convective process within MCSs (squall line in particular)? What is the pathway of  dry air insides the squall lines? What are the  key source region (ahead, rear inflow, AEJ etc..)?

	Main attribute of the features

2 to 3 days continuous occurrence of low RH values (RH<5%) over a significant (1/3) part of the Sahelian mid-troposphere gives rise to favourable conditions for squall line self organization if deep convection develops. Origin from the polar jet. Instabilities in the PJ. STJ shape and status. Index of dry intrusions events to be further defined. Currently : human based interpretation. 

	Data/NWP products needed

· U,v,w and T global 3D full resolution 6 hourly minimum (3hourly best): over day+1 to day+5 (forecast) and day-10 to day (analysis) from GFS (ex AVN/NCEP)

· Nowcasting/real time evaluation using FTH products from METEOSAT

· And results from the cloud tracking products (squall line filtering)

	Issues for getting data/NWP: none. Everything to be available at LMD (Paris)

	Diagnostics

Minimum: 12 days backtrajectories based relative humidity reconstruction at 500 hPa

Optional: multilevel analysis using idealized tracers and the LMDz  GCM

	Who : R. Roca et al (roca@lmd.jussieu.fr); Laboratoire de Météorologie Dynamique (LMD)

	To be sent to the AOC

Daily updates of the day+1 to day+5  maps of RH and latitude of origins

Daily updates of the day+1 to day+5  time series of low RH surface fraction over Sahel

Daily updates of the dry intrusions index and/or alerts for dry intrusions events

Optional: multilevel analysis

Complementary information

PJ, STJ charts to characterize their magnitude, location and the entrance/exit locations.

PV corresponding maps on the isentropic surface (330 or 335°K) on a large domain (up to 60°N)

Indices to characterize the Indian Monsoon activity

Cloud tracking products (trajectories, cloud coverage as a function of the MCS type…) for the last decade, and for the last day (RTD product of the EUMETSAT SAF-Nowcasting)

	Transmission: Low Resolution Gif Images and/or Paris located web server


