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	Summary and Purpose of Document
This document provides information on the radiosounding program of the African Monsoon Multidisciplinary Analysis (AMMA), and in particular on its management, infrastructure and communications aspects, on the AMMA intensive sounding programme, and new development in the AMMA network in 2007.
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The Meeting is invited to note the information contained in this document for discussion under the appropriate agenda items.
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Analyse Multidisciplinaire de la Mousson Africaine
African Monsoon Multidisciplinary Analysis

Report to the WMO / CBS on the AMMA radiosounding programme
AMMA Task Team (TT1) in charge of soundings

18 June 2008

Radiosounding Performances received at ASECNA head quarter in 2007
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Summary

In recent years, the meteorological observing system in Africa has been in a worse state than that of any other populated continent.  The declining observational network and the ongoing communication problems of West Africa are two of the major challenges for the monitoring and prediction of weather and climate, and for the establishment of early warning systems in the region.  These realities motivated the African Monsoon Multidisciplinary Analysis (AMMA*; Redelsperger, et al., 2006), and placed a high priority on improving the upper air stations as part of AMMA’s multi-year field experiment.

Since 2004, AMMA scientists have been working with operational agencies in Africa to reactivate silent radiosonde stations, to renovate unreliable stations, and to install new stations in regions of particular climatic importance.  At the time of writing, 21 stations are active over West Africa (see Figure 1), and during the period of June to September 2006, some 7,000 soundings were made, representing the greatest density of radiosondes ever launched in the region; greater even than during GATE in 1974.  An important goal of AMMA is to evaluate the impact of these data on weather and climate prediction for West Africa, and for the hurricane genesis regions of the tropical Atlantic. 
A number of new atmospheric profiling systems are being used in West Africa, including UHF wind profilers, AMDARs and satellite products.  However, for operational purposes, for an intensive observational program and for long-term climate monitoring there is currently no alternative to the radiosonde to provide comprehensive vertical profiles of winds and thermodynamics in the troposphere.

This report confirms some strong statements regarding upper-air operations in the region we made last year:
I. Stations which have good infrastructure and are supplied with consumables can all achieve 95% success or better.  Therefore, we confirm that the primary problems on the network are supply of consumables and communications;
II. Ensuring the reliability of the network has been, and will continue to be a major management task (typically requiring 6-12 months of management time per year).  
The work involves planning of supplies and communications, as well as responsiveness to technical problems;
III. The overall success rate for 2006, relative to our plans, was 54% (ECMWF), 52% (NCEP) and 47% (GTS – estimated).  Significantly, most of the data lost to the wider GTS were from the 4 new stations.  For the stations which existed before AMMA, the success rate improved from 64% (2005) to 73% (March - December 2006; NCEP).
In 2007, average success across the network has been better than 80%; and,
IV. If we compare the percentage of data received at the ECMWF and the reports we received from the stations, we can conclude that the transmission problem is not completely solved in the region.
Overall, we regard AMMA as having been successful in implementing its upper-air programme because it had a clear strategy and a set of priorities which enabled the project to deal promptly with problems in infrastructure and consumables.

We therefore wish to recommend the establishment of a long-term management group for the upper-air network in West Africa, involving, as it has done for AMMA, specialists from data-using as well as data-collecting agencies.
Management of the ‘AMMA’ radiosonde programme

In order to balance the different scientific and operational objectives of the AMMA radiosonde programme, a management group was set up – the so-called ‘Task Team 1’ (TT1), bringing together research scientists, operational agencies in Africa making the soundings, and operational centres in Europe and the United States of America, whose models assimilate the data.  The largest organisation managing operational soundings in West Africa is ASECNA – a multinational agency operating in 17 countries.  Working with ASECNA has provided a single management point for 12 African nations involved in AMMA; however, each of these nations also has its own NMS, whose relationship with ASECNA is often complex.  The AMMA also works closely with NIMET, GMET, the DMN of Guinea and the Algerian ONM.  Among its members, the TT1 includes two members of the GUAN program.

TT1 was able to deal with some long-standing difficulties in the meteorological observing network through the following means:

•
Through the involvement of many Anglophone and francophone partners, and a significant number of bilingual (and multi-lingual) participants, various cooperative actions were carried out between English-speaking and French-speaking countries;
•
Through the deep involvement of ASECNA in the programme, and with ASECNA’s considerable capacity in skills and training, solutions to many problems could be carried out without non-African intervention, thereby building local capacity; and,
•
To overcome the difficulties associated with the communication on management matters, AMMA appointed ‘monitors’ for each station in the network.  These monitors were volunteers from among the scientific community, with an interest in the station for their own scientific purposes, or through fieldwork at neighbouring sites.  The monitors were able to communicate regularly by telephone with the Chef de Station (typically monthly – also at short notice when needed), to liaise over issues of data transmission, supply of consumables, staffing, changes in the operational plans and so on.  The fact that 10 different monitors were engaged in the network, working with Anglophone or francophone stations, points to the magnitude of the management burden required to keep the network running smoothly.
The area of staff training is one in which ASECNA enjoys real advantages, through its economies of scale: by combining the income due to meteorological activities in several countries, ASECNA can afford to operate a meteorological training school at Niamey (EAMAC), as well as a meteorological laboratory at its Headquarters in Dakar.  Together, these institutions hold long-term skills and capacity in experimentation, training and repairs.  With financial budgets always being tight, such capacity is difficult to sustain in West African countries outside the ASECNA group.  For instance, there were many examples of visits of staff between ASECNA and non-ASECNA agencies, to solve technical problems or to share training exercises.  Bulk ordering of consumables was carried out by ASECNA, on behalf of several funded science programs in AMMA, and several operational centres in Africa (including the non-ASECNA countries of Algeria, Ghana, Guinea and Nigeria), leading to considerable savings in the prices.

Infrastructure

Through scientific funding for AMMA, major investment has been made in the infrastructure in the region, including provision of buildings, ground stations, communications, gas-making facilities and staff training.
The expenditure on infrastructure was strongly affected by Vaisala’s phase-out of the RS80 sonde, and the consequent need to replace many ground stations, and upgrade others.  
The monopoly situation meant that costs were beyond our research budget, so we reduced prices by putting some stations to tender, and bringing an alternative manufacturer – Modem – into the network.  This will lead to calibration problems in data analysis and assimilation – but appears to be necessary in order to control costs.

Geographically, AMMA has rectified several critical failings in the network for the region: 
•
The GCOS station at Abidjan has been reactivated, by the provision of a new building;

•
Four new stations have been constructed in the critical Guinea Coast zone, without which there are no inflow data for the monsoon system;
•
The upstream station of Ngaoundere, Cameroon, has been provided with a GTS connection, through DCP; and,

•
The northern stations of Tombouctou and Tessalit have been reactivated.
	WMO Station No.

	Station Name

	ASECNA
	Operational sounding Freq. / day


	Max. freq. during AMMA
	Proposed freq. for 2008-10
	Upgraded ground station

	Success rates in 2007 as measured by data at ASECNA

	
	
	
	
	
	
	
	Av. in %
	best month in %

	65578
	ABIDJAN
	Y
	2
	2
	2
	DII (RS92)
	71
	93

	65125
	ABUJA
	 
	1
	8
	2
	D III (new)
	
	

	61024
	AGADEZ
	Y
	1
	8
	2
	DII (RS92)
	100
	100

	61291
	BAMAKO
	Y
	2
	2
	2
	DII (RS92)
	96
	98

	64650
	BANGUI
	Y
	2
	2
	2
	MODEM 
	90
	97

	65344
	COTONOU
	Y
	1
	8
	2
	MODEM
	78
	100

	61641
	DAKAR/YOFF
	Y
	2
	2
	2
	DII (RS92)
	97
	100

	64910
	DOUALA
	Y
	2
	2
	2
	DII (RS92)
	90
	95

	64700
	NDJAMENA
	Y
	1
	2
	2
	DII (RS92)
	74
	97

	64870
	NGAOUNDERE
	Y
	1
	1
	2
	DII (RS92)
	98
	100

	61052
	NIAMEY
	Y
	2
	8
	2
	DII (RS92)
	100
	100

	61415
	NOUADHIBOU
	Y
	1
	1
	1
	DII (RS92)
	90
	100

	61442
	NOUAKCHOTT
	Y
	1
	1
	2
	DII (RS92)
	94
	100

	65503
	OUAGADOUGOU
	Y
	1
	2
	2
	MODEM
	99
	100

	65330
	PARAKOU
	 
	1
	8
	1
	MODEM
	 
	 

	08594
	SAL
	 
	1
	1
	1
	 
	 
	 

	65418
	TAMALE
	 
	1
	8
	2
	DIII (new)
	 
	 

	60680
	TAMANRASSET
	 
	2
	4
	2
	 
	 
	 

	61687
	TAMBACOUNDA
	Y
	1
	1
	1
	MODEM
	51
	100

	61202
	TESSALIT
	Y
	1
	1
	1
	DII (RS92)
	33
	100

	61223
	TOMBOUCTOU
	Y
	1
	1
	1
	DII (RS92)
	91
	100

	61831
	CONAKRY
	 
	 
	2
	1
	Not upgraded within AMMA
	 
	 

	65548
	MAN
	Y
	 
	 
	
	DII (RS92)
	 
	 

	64750
	SARH
	Y
	 
	 
	1
	DII (RS92)
	 64
	 100


DII:  Digicora II (MW 15);  DIII: Digicora III (MW 21)

Table1:  Upgrades and current status.  Note that this table includes some stations outside the ‘AMMA’ network, as well as the ASECNA training centres (EAMAC and DTT).  Note that the gas cylinders at Conakry were reactivated through the supply of new heads by ASECNA, but that no long-term solutions were put in place for this station.
Communications

There are two functions of communications which are critical for radiosonde operations in West Africa; data transmission, and management.  Apart from local use by airport forecasters, radiosonde data in the region have little value unless they are effectively transmitted to the GTS, promptly enough to be assimilated by NWP models.  Equally, unless communications permit the operation of the station to be managed effectively, then experience shows us that it will be unreliable and unlikely to make consistent measurements. 

GCOS (2003) have documented the same issues:
“The need was emphasized for improved coordination between GCOS Monitoring Centres, station operators, and on-site personnel to ensure that GCOS requirements were clearly understood and that operational problems were resolved as quickly as possible.” 
Transmission of data to the GTS is a task which can be simply defined, but is often fraught with problems.  In Africa, there are several means of transmitting such data – all having problems of some kind and all have been tried in with AMMA.  The three systems which were most effective are described here:
(a) GTS 

The existing GTS connections in West Africa are unreliable and complex; certainly the workings of the GTS are poorly understood by the local meteorological services.  A basic problem with the GTS connection at many stations has been the separation between the radiosonde ground station and the local GTS link (the ‘CAT’).  This has meant that observers have needed to carry the TEMP message by hand to the CAT, and there type it manually into the system – clearly this can lead to delays and human errors in the data transmission.  The AMMA has been able to rectify this situation at several stations (Table 1) through the provision either of a direct cable link or a radiolink between the radiosonde station and the CAT.
The reliance of the GTS on single connections leads to considerable vulnerability to technical failures.  In January 2006, at the height of AMMA dry season Special Observing Period (SOP0), 
a failure of the connection between Dakar Europe led to the loss (to the GTS and therefore the NWP models) of most of the upper-air data from west Africa, for a period of several days.  Such failures are not uncommon.
A common complaint among African data collection agencies is that their transmission of data through their local hub is often blocked through the incorrect formats of messages.  At first sight, the resolution of such problems may appear trivial, but here the relatively poor management communications (phone, fax, email) between African agencies is exacerbated by language differences between Anglophone and francophone centres.  Indeed, GCOS (2003) have noted “Unsatisfactory liaison and coordination between operators of observing stations, ASECNA, and global Monitoring Centres”.
Some problems of this kind were overcome during AMMA through the close cooperation between ASECNA, who operate the primary GTS connections for the region, and the other participating meteorological services.  This effort needs clear management and communications.

In the last quarter of 2007, ASECNA started the replacement of the CAT of its network by a new and more reliable system that can take into account Internet data transmission.  As of now, 
eight stations have already been replaced, including the three main GTS hubs (Brazzaville, Dakar and Niamey).  The training of operators on this new equipment is not completed, yet this is the reason why the rate of data received at the ECMWF is not as high as usual now.  A training session is schedule in a couple of weeks to resolve the problem.

(b) DCP

In AMMA, we chose to purchase DCPs and install them at four sites which were known to have problems in connecting to the GTS – Tamale, Parakou, Abuja and Ngaoundere.  At the time, several people with experience of data transmission issues in Africa advised us against the DCP option, based on 3 lines of reasoning:
•
Drift in the clocks on the DCP mean that the message may miss its time window, meaning that messages are simply not transmitted. This problem has been overcome with the new generation of DCPs which use GPS correction of their clocks;

•
Data is transmitted to the GTS from a remote station without going through the local Metrological Service – this means that the local forecasters do not have direct use of the data and local operators may not be immediately aware of problems. However, with the installation of the PUMA system at all West African meteorological services, acquisition of the data through a return from the GTS should now be possible; and,

•
The DCP is a dedicated system and therefore relies on the operator to keep it running (unlike a commercial option such as VSAT or internet, which will be maintained by the operator). 
Despite many problems which affected these instruments in 2006, the DCPs were functioning well in 2007; Parakou and Ngaoundere are using DCP and Internet for data transmission at this time.
Note that some stations use an aviation VSAT system (e.g., Tombouctou, Agadez, Tessalit) to relay their data to a GTS hub.

(c) Email

During AMMA, four stations (Tamale, Parakou, Abuja, and Ngaoundere) made provision to send data by email.  Our partners at the ECMWF agreed to receive these data and ingest them into their own assimilation system, as well as the AMMA scientific database.  However, the ECMWF do not have the capacity to submit data to the GTS, so the UK Met Office kindly agreed also to receive the messages and perform this function.  Unfortunately, the ECMWF and the Met Office demand different message formats for the emails.  Given the problems which always arise in ensuring that message formats are precisely followed, this doubled the efforts needed to coordinate the transmission of data.  
At this stage we must acknowledge the efforts of many of the operational staff in Africa, notably those at Ngaoundere (Chef de station: Mr Jean Tchassem Kamgang), who travelled each day to the local cyber café to transmit their data.
The radiosonde station in Ngaoundere is now connected to Internet by ASECNA and the data from this station is sent to the collecting centres daily.

The AMMA intensive sounding programme

For two parts of the AMMA SOPs in the summer of 2006, 8-per day soundings were made at six stations in the network.  These stations comprised the ‘southern quadrilateral’ of Cotonou, Tamale, Parakou, Abuja and Niamey, with the addition of Agadez as a reliable northern station (see Table 1).  The intensive sounding periods were denoted IOP5.1 (20-29 June 2006) and IOP5.2 (1-15 August 2006).
The successful accomplishment of these two IOPs is one of the triumphs of the AMMA radiosonde programme, and is a testament to the skilled work which was made on behalf of AMMA by many operators at the radiosonde stations.  Although high-frequency measurements of this kind have been made in numerous field experiments around the world, we are not aware of such 3-hourly observations being made with locally-generated hydrogen, even for shorter periods of time.  Over 90% of soundings were accomplished, although transmission of the data was less successful, with some stations experiencing sustained problems for one or both of the IOPs.
The analysis of the TEMP data received at the ECMWF indicated that very frequently the BUFR code for the radiosonde sounding system is not reported, or is incorrectly typed in the TEMP message that is received via GTS in operational NWP centres, such as ECMWF.  This code is crucial in the operational context because it is the only way to identify the different radiosonde systems.  Each radiosonde system is associated with different types of biases and errors which need to be monitored and if possible corrected in NWP centres for the data to be assimilated efficiently in NWP analyses.  Recently, the ECMWF developed a new radiosonde temperature and humidity bias correction based on the radiosonde type reported in the TEMP message.  If the radiosonde type is not reported then the radiosonde data cannot be corrected properly and it cannot be used to compute statistics for the correction/monitoring of those biases either.

New development in the AMMA network in 2007

ASECNA started the upgrade of its local GTS link (the ‘CAT’) with new equipments that can take into account the Internet data transmission and many other features.  In the time of writing, eight centres have already been upgraded: Dakar, Niamey, Brazzaville, Douala, Malabo, Libreville, Bangui and Abidjan.  The training of the personnel of these stations is not completed yet.

In the framework of « Fond de Solidarité Prioritaire Recherche Interdisciplinaire et Participative sur les Interactions entre les Ecosystèmes, le Climat et les Sociétés d’Afrique de l’Ouest », (FSP  RIPIECSA) funded by the French foreign ministry, three new projects have a direct  impact on the radiosonde network:

1. Data impact and definition of an upper-air network in west Africa, managed by ACMAD,  with a cooperation of Nigeria Met Office and ASECNA;
2. Upgrade of the Conakry radiosonde station and digitalisation of upper-air data in Guinea.  This project is managed by the National Meteorology of Guinea with a cooperation of ASECNA; and,
3. ASECNA’s upper-air Data Rescue.  This project aims to restore upper-air data for many years from floppy disk to CDs and build an upper air data base within ASECNA for the scientific used.

A new project, “A sustainable real-time observing network in West Africa for numerical weather prediction, seasonal forecasting and climate monitoring” is being prepared by ASECNA in cooperation with the ACMAD, CNRS, ECMWF, IGN, Météo-France, GMET and NIMET.  This project, if funded, will keep the AMMA network running up to 2010.

The Nigerian Met office is in the process of extending the radiosonde network in the country by the creation of three new radiosonde stations in 2008 with the cooperation of ASECNA and AMMA.
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