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1. Scientific justification and objectives 

It is the general goal of the AMMA Radiosonde Group (ARG or TT1 group) to assist in the development and maintenance of a coordinated network of radiosonde, PILOT balloon, and GPS Total Columnar Water Vapour (TCWV) stations during the AMMA EOP period and beyond to address specific AMMA scientific objectives for atmospheric research and monitoring. 

AMMA is planned around three nested timescales that will be referred to in the following text:

· LOP studies are based on long-term observations, including archived data and rescued datasets;

· EOP (Extended Observing Period) studies are to be based around the years 2005 to 2007, during which a coordinated set of observations of the atmosphere, land and ocean systems will be obtained. Multi-season observations are to be made in order to evaluate variability in the system, as well as mechanisms of ‘memory’ between seasons.

· SOP (Special Observing Period) studies will take place in the summer of 2006. The SOP is aimed at intensive observations of particular processes and is subdivided into four periods according to particular scientific goals:

a. SOP0 Dry season processes – January/February 2006

b. SOP1 Monsoon onset – May/June 2006

c. SOP2 Monsoon maximum – July/August 2006

d. SOP3 Late Monsoon – August/September 2006

The upper air networks of radiosoundings and pilot balloons are crucial for the success of AMMA. Good upper air observations are essential for the generation of reliable model analyses, which are in turn necessary for environmental monitoring over the continent and the downstream Atlantic. Upper air data is also needed for quantifying the basic physical processes of the atmosphere. The current network consists of some stations that have a good recent record of soundings, and a number which are experiencing problems. 

The most extensive set of upper air measurements over the continent was conducted during the GATE experiment in 1974 (Kuettner and Parker 1976; their Fig 4). These soundings remain a valuable resource for monsoon studies (and are soon to be archived at the British Atmospheric Data Centre (BADC)). ERA-40 reanalyses assimilating the radiosondes from the GATE year are also now available. However, during GATE much of the emphasis, including the majority of the observational subprograms, was focused on weather systems over the Atlantic Ocean; during AMMA we aim to integrate the atmospheric sounding network with observations of both the continental and ocean systems.

The WAMEX project of 1979 also involved increased soundings over the continent. These data are stored as part of the FGGE archive.

Six stations in the region (Dakar, Niamey, Abidjan, Tamanrasset, Addis Ababa and Douala), are currently members of the GCOS Upper Air Network (GUAN), and are therefore subject to scrutiny by the GUAN group. One of the objectives of the AMMA radiosonde group will be to arrange similar support and attention to other key stations within the African Monsoon domain.

Observing strategy

1.1. Overall strategy

1.1.1. 
Funding issues (radiosondes)

Available funding:

The currently available budget (~2,5 M€) comprises three sources: AMMA-EU (~ 2.1 M€), AMMA-France (~0.23 M€) and AMMA-UK (~0.17 M€). The majority of the budget is from AMMA-EU and this will deal with most of the infrastructure needs.

The US ARM programme plans to fund 4 radiosoundings/day at Niamey

Within the French AMMA/EGEE programme, the funding of 90 Vaisala sondes to be launched during the EGGE 3 cruises in the Golf of Guinea between 25 May and 07 July 2006 is secured

Requested funding:

· 2 ISSs and sondes (750 sondes) at Gao and Tahoua (US Weather proposal) 

· Additional sondes to support Niamey/Parakou/Ouagadougou jointly with EU/UK/GCOS (900 was our estimate for the joint need) (US proposal)

· The Downstream activity led by Greg Holland still says that they will propose soundings for Conakry in 2006 (US proposal)

· US GCOS funding of 50k$ for 2006: Two options are currently discussed: Six additional soundings at Niamey during two months or support of other AMMA-GCOS stations (e.g., Douala, but Abidjan is currently low priority)

· Within the French AMMA/EGEE programme, the funding of 50 Vaisala sondes to be launched during the EGGE 4 cruises in the Golf of Guinea in September 2006 is requested

Contributed funding:

The project will rely on the large, existing operational commitment from ASECNA and other Meteorological organisations.

1.1.2. Communication and infrastructure improvement needs (radiosondes)

Communications

Certain stations require new communications systems: existing stations (e.g. Ngaoundéré) and new stations. We propose a primary link using a Data Collection Platform (DCP) – this is relatively cheap and has very low running costs. Where possible we recommend a backup communication system through local mobile phone networks (notably at Parakou and Tamale).

We have contacted 2 US manufacturers, Vaisala (Finland) and OTT-Hydrometry (Germany) of these systems and we must soon prepare a call for tender based on the AMMA-EU funds. This call will include installation and training of ASECNA engineers.

Infrastructure: groundstations and gas

All Vaisala and Degreane STAR stations require upgrade due to the phase-out of the old RS80 sonde and its replacement with RS92 sondes. We plan to contribute to the upgrade of those ASECNA stations that are of high priority to AMMA.

We have made a detailed comparison of these types of radiosonde system, through consultation with a number of experts internationally. We anticipate that the majority of stations will be equipped with new or refurbished Vaisala stations. The new station at Cotonou, funded by AMMA-France, is now committed to be a MODEM station.

It is foreseen that there will be further MODEM stations operating in the network.

1.1.3. GPS Total Columnar Water Vapour (TCWV) Measurements 

Olivier Bock from the Service d’Aéronomie du CNRS is coordinating the TCWV measurement campaign.

Six GPS stations are planned: 

· EOP: Djougou (Bénin), Niamey (Niger), and Gao (Mali) within or near the three mesoscale sites

· SOP: Tombouctou (Mali), Ouagadougou (Burkina), and Tamale (Ghana) to enhance the temporal resolution (15 min. – 1 hourly) of RS-based TTWV values

A real-time transmission to the GTS would be technically possible, but at the moment neither ECMWF nor other NWS centres consider GPS TCWV data assimilation into their operational models

1.1.4. PILOT strategy 

PILOT wind observations are cheap (< 10 US$ ea.) and help to integrate the considerable pre-existing know-how of the local met agencies about this technique and their exploitation. In addition, it is easy to operate mobile stations.

Michael Douglas has agreed to coordinate the PILOT programme. He prepared a draft of a 234 k$ proposal due to be submitted in April to NOAA OGP. 6,000 PILOT soundings are requested within this proposal.

A strategy document needs to be defined and a station network to be identified. A few key PILOT stations for a better monitoring of the cross-coastal flow and the flow in the meridonal transect Cotonou–Niamey (e.g., Accra, Takoradi and Kandi) have already been identified.

1.2. List of sites, instruments and relevant maps

For a list of sites and instruments please download the ARG Implementation Strategy (ARGIS) document available under http://www.meteo.uni-koeln.de/amma.

The following map displays the sites and their priorities within the AMMA international programme.
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Fig. 1: Locations, priorities, quadrilaterals, GPS sites, and the mesoscale sites of AMMA international

1.3. Priorities (Radiosondes)

Station priorities are indicated in Fig. 1. A corresponding list of stations can be downloaded from http://www.meteo.uni-koeln.de/amma. Priorities for telecommunication and infrastructure are as follows:

Upgrade priorities (by the end of 2005):

e. Improvement of telecommunication. New Data Collection platforms (DCPs) at Ngaoundere, Parakou, Tamale, and Tessalit. Direct links to the GTS at Cotonou, Douala, Bamako, Nouakchott, Dakar and Ndjamena (by 06/05).

f. Replacement of existing Digicora I stations by refurbished Digicora II stations (except Dakar that will be equipped with a new Digicora III MW21) in the ASECNA network (by 12/05).

g. Upgrade of existing Digicora II stations in the ASECNA network (by 12/05).

h. Replacement of key STAR stations by refurbished Digicora II stations (by 12/05).

i. Operation of 4 new stations (Tamale, Parakou, Cotonou, and Abuja) by the end of 2005

j. Implement training of operators on the VAISALA/MODEM groundstations, on VAISALA (RS92) and MODEM (M2K2) PTU GPS sondes and on DCPs (by 12/05)

2. Deployment 

2.1. Planning

The planning of the deployment of infrastructure is detailed and updated in a station-by-station fashion in the ARGIS document available under http://www.meteo.uni-koeln.de/amma. Similarly, the planning of the consumables deployment during EOP/SOP is available from the EXCEL spreadsheet “Consumable_planning.xls” that can be downloaded under the same URL.

2.2. Logistical considerations

The consumables and infrastructure for the ASECNA RS stations within the AMMA network will be purchased, installed and launched by ASECNA. Therefore, shipping, handling and customs clearing will be dealt with through ASECNA. Consumables for Ghana and Nigeria will be ordered by ASECNA and shipped by the manufacturer to Accra and Lagos, respectively. The Ghanaian and Nigerian meteorological services have agreed to assist in customs clearing and transportation.

3. Partnership 

3.1. Training program

Training for stations on the ASECNA network will be conducted through the existing ASECNA facilities at EAMAC (Niamey). The radiosonde manufacturers will travel to Africa to convey the new techniques to the training schools (for engineers and for operators).

Training for the new MODEM station at Cotonou will be conducted on site by MODEM.

There are 2 critical stations that are outside the ASECNA network, in anglophone countries (Tamale and Abuja). After discussions with the operating agencies in these countries, we have agreed that training and installation will be conducted independently in each country. In Ghana (Tamale station) the installation and training will be conducted by the UK Met Office, who will be partly funded from the AMMA-EU budget and partly supported through their VCP budget. We are currently exploring the possibility of the UK Met Office or DWD conducting a similar service in Nigeria (Abuja radiosonde station).

4. Organisation of the TT.

4.1. Leaders, core group, membership

The group currently consists of the following members:

· Ali El Majdoub (ACMAD)

· Andreas Fink (U. Koeln)

· Anton Beljaars (ECMWF)

· Arona Diedhiou (IRD, Niamey)

· Boubacar Madina Diallo (DMN Guinea)

· Cherif Diop (DMN Senegal)

· Chris Thorncroft (U. Albany, SUNY)

· Doug Parker (U. Leeds)

· Francis Dide (DMN, Benin)

· Frank Roux (Laboratoire d'Aerologie, Toulouse)

· Ismail Fudl El Moula Mohamed (Meteorological Authority, Khartoum)

· Jean Blaise Ngamini (ASECNA Dakar)

· Jean-Luc Redelsperger (CNRM, Toulouse)

· Mahaman Saloum (DMN, Niger)

· Traoré (DMN, Niger)

· Mama Konate (DMN, Mali)

· Michael Douglas (National Severe Storms Laboratory/NOAA)

· Mohamed Kadi (DMN, Algeria)

· Olivier Bock (IPSL, France)

· Serge Janicot (LMD Paris)

· Thierry Lebel (IRD)

· Lamin Mai Touray (Dept of Water Resources, the Gambia)

· Zinede Minia (Meteorological Department, Ghana)

The group is presently co-chaired by Andreas Fink and Serge Janicot.

Core group members are listed in bold. We have aimed to include representatives of relevant scientific communities, and from the major national and pan-national groups.

Each of the major funding agencies has its own management committee who are also represented in this TT.

4.2. Internal coordination

The internal communication is mainly performed via e-mail exchange and teleconferences among the core group

4.3. External diffusion of the information and reporting

Various reports have been produced and are available under the “Leeds” and “Cologne” web pages. The reporting to the AMMA ISSC is guaranteed by the ISSC membership of Andreas Fink 

4.4. Coordination with other TTs.

The RS consumable deployment planning is closely coordinated with the SOP TT leaders (e.g. Jim Haywood and Doug Parker)

4.5. Matters yet to be resolved

· Support and strategy for key PILOT stations

· AMDAR/GADS aircraft data
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